The invention relates to a brushless direct current notor, with a stator

w ndi ng which has at | east one phase, with a pernmanent magnet rotor, with a
rotor-position sensing arrangenent, and with a sem conductor arrangenent
serying for the control of the current in the stator winding, said

sem conduct or arrangenment having at |east two swtching el enents which, in
dependence upon the position of the rotor, are commutated in order to power
the at | east one phase in dependence uponlthe rotor position, a current

i nterruption being produced between each two successive current inpul ses,
and with driver stages, associated with the switching el enents. A notor of
thig kind is known from DE-A-3 044 056 of the patentee. In this notor,
the st at or Thiendnvendfionhirel atess dqopla ddushillessodHiredta caringnt motadgs with
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wave signal are snoothed With t of CR-netwofk wever, 1n an

arrangement¥s SHESESSIVe sFYSTRTHy dPRHSRsc AR nUlitlharFP(Elver stages,

associated with the sw1_tch1ng elements.

A motor of this kind is known from DE-A-3 044 056 of the
patentee. In this motor, the stator winding of which is
supplied with power via a full bridge circuit, rotation of the
rotor generates synchronous temporally spaced fir_st pulse
sequences with steep flanks and second pulse sequences with
less steep flanks guided via delay elements. Thesgm_pul’se
sequences are logically connected together so that the,-a._,._..,.tyh.‘__,_
conducting power transistors of one bridge diagonal can be
blocked before the two power transistors of the other bridge
diagonal become conductive. This known circuit arrangement
works very well, but requires a relatively large number of
components.

A drive circuit for ome phase of a brushless motor is known
from GB-A-2 071 939. This drive circuit is controlled via a
square wave signal. In order to reduce the generation of
electromagnetic noise in this phase, the ascending and
descénding flanks of the pulse of the square wave signal are
smoothed with the aid of CR-networks. However, in an
arrangement of this kind, smoothing of the descending flanks




2 leads to pul se |l engthening, which, in many cases, and in particular in

the control of full bridge circuits, is undesirable, as it increases the
risk of all bridge branches bei ng conductively controlled at the sane tine.
Furt hernore, EP-A-40 484 discloses a two-phase, two-pul se brushl ess direct
curfent nmotor which is controlled by means of a square wave out put voltage
fromtw Hall-1Cs. In this case, the pul se snoothi ng neasures known from
GB-A-2 071 939 are used, in order to delay the actuation and di sconnection
of the power transistors of this notor. This results in the fact that after
the instant of comutation a current flows periodically into both phases of
the -notor. As the first phase then slows down the notor, the noise |evel of .

t]tlfe_ not or ileaals utbl ;g;umlecacértgtﬁéhlaneawﬁcnbulti_rﬁémahy Q‘)@@éh §¢anfnd in
ef ficiency Rol e ctri nergy su i is then used, not to
drive the Rﬁ?%léﬁéa?o %Foﬁ?*% daﬂﬁgr?ﬁerg oriPR?heE&ﬁéﬁﬁ SH1YRBLERventfon
is to propusdesiyebde, ias whtclincreasesmithe i vhskr ofesslkabrbdge branches
advant age%&&iﬂgf ?Bhfiﬁhlt‘iq'e ¥ EB%tE:%ﬁ!bﬁthmt’:ﬁ'%eElaWbt Repe adversely

affecting the icrency of “the nmotor. This problemis solved according to
the invention in that the driver stages each have an el ectronic
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associ ated sw_tching elenen en e el ectroni c sem conductor switch o
the respecF@d, in order to delay the actuation and disconnection of the
power transistors of this motor. This results in the fact that
after the instant of commutation a current flows periodically
into both phases of the motor. As the first phase then slows
down the motor, the noise level of the motor is actually
reduced by this measure, but at the expense of efficiency, as
part of the electrical energy supplied is then used not to

drive the motor but to slow it down.

Therefore, the object of the invention is to propose a motor,
in which the commutation process can be advantageously
controlled in the required manner without adversely affecting
the efficiency of the motor.

This problem is solved according to the inventibn@ingtggt the
driver stages each have an electronic semiconductor'%éwitch
which in its conducting state essentially short-circuits the
input of the associated switching element and thereby blocks
the latter, that the driver stages are further associated with
respective sources of substantially constant current,
preferably of the order of a few milliamps, from which an
actuating current f£flows to the associated switching element
when the electronic semiconductor switch of the respective



3 driver stage is non-conducting, and that a capacitance is connected to
the output of at |east one driver stage in order to delay the actuation of
the associated switching elenent. By virtue of the fact that the
sem_conductor switch of one driver stage essentially short-circuits the

i nput of the associated switching elenent, the latter is blocked virtually
_imredi ately upon di sconnecti on. As, on the ot her hand, the source of
substantially constant current requires time to charge the capaci tance, the
actuation process is delayed, so that there is a tine interval between

di sconnection and actuation. Snooth actuation is thus sinultaneously

obt@ai ned, this reducing the generation of noise in the notor. By virtue of
the fact tldativér stagee D asserdormdugtdanst camhdcithadnta ceapad tranpeel s
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particularly advantageous as. in this case only small “actuating, currents. are

necessary &ndtHBfs al  paEvesh, (9é§‘%ﬁm§ﬁﬂfs‘t°&ht pafl| \actuation. Smooth

actuation is thus simultaneocusly obtained, this reducing the
generation of noise in the motor. By virtue of the fact that .
the source of essentially constant current can only supply one
specific current, it is furthermore possible to provide for
another additional signal at the output of a driver stage, e.g.
a regulating signal, a temperature-dependent signal, etc.

One particularly advantageous embodiment of the invention is
clear from the features of claim 2, as in this case two driver
stages require only one individual common capacitance... As this
capacitance can, in addition, be very small, e.g. ofwtﬁeméﬁﬁa;
of 100 pF, this results in a circuit with extremely reliable
operation and few components.

An additional possibility for controlling the motor is clear
from the measures according to claim 3, wherein, in this
manner, e.g. the rotational speed of the motor can be made
dependent on the temperature, as stated in claim 4.

Thus, the embodiment according to claim 5 is particularly
advantageous as in this case only small actuating currents are
necessary and conseguently, the sources of substantially



4 constant current can be adapted for |low currents, wherein sinply
resistors with relatively high resistance values are often sufficient, as
described in one part of the exanple. One particularly preferred enbodi nent
of the notor is characterised in claim8, as it is precisely in the case of

square wave pul se signals of this kind froma Hall-1C that the advantages
of the invention becone particularly apparent. Further details and
advant ageous emnbodi ments of the invention%ill be clear fromthe subclainms

and fromthe exanples, which by no nmeans |limt the invention, and are
descri bed hereinafter with reference to the acconpanying draw ngs, in
whigh: Figure 1 is a schematic representation of ‘a two-pul se brushless
direct currcoristahtr cuantent acaauxbe i adppteddicfarcd dwr queyressrs/, nghémreirhe
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circuit, Ficfihen suffigigndyr &8 dasenibed dq Mngupart of fhe exanpdws a
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third enbodi nent of the_inyention, Figure 6 shows a fourth enbodi nent of,
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advantages of the invention become particularly apparent.

Further details and advantageous embodiments of the invention
will be clear from the subclaims and from the examples, which
by no means limit the invention, and are described hereinafter
with reference to the accompanying drawings, in which:

Figure 1 is a schematic representation of a two-pulse
brushless direct current motor having an auxiliary
reluctance torque, serving for the direct drive of a
fan; this motor is known per se,

» Figure 2 shows a first embodiment of the motor according to
the invention, with a full bridge circuit,

Figure 3 1is a diagram illustrating Figure 2,

Figure 4 shows a second embodiment of the invention, analogous
to Figure 2,

Figure 5 shows a third embodiment of the invention,
Figure 6 shows a fourth embodiment of the invention, with an

integrated commutation unit according to the
invention,



case, a notor with a full bridge circuit of the type illustrated in Figure
2, Figure 10 shows a sixth enbodi nent of the invention, in this case, what
is known as a singl e-phase, single-pulse notor and Figure 11 shows a
sevent h enbodi nent of the invention. In the follow ng description,

i dentical components or conmponents with identical operation have been given
the sanme reference nunerals and in general are described only once. Figure
1 shows a schematic representation of a two-pul se brushl ess direct current
notor 10, in this case, a single- phase, two-pole notor, as known from
US-A-4 030 005. Definition of terns: Two-pul se: The nunber of current

| m ses supplied to the stator winding per rotation of the rotor about
[err] el. Fﬁgglrel 7 t ishomsursevarient camidiimentevof utthen, colmeubatbon unit

illustrated in Figur v Wo current inpulses of
§ 1 uditly teﬁpgh ?1%%&% %6

substantially the sane |eng th same dtrength, one flow ng through
the stator winding 25 in one direction and the other in the opposite

direction. Figu#eSignglig BNASRgrafe iMu@tradsneiMiqgure Bgl € W ndi ng phase for
t he drive. A motor of this kind nmay also be referred to as a

single-strand notor. Two-pole: The rotor has two poles. It should be noted
I n parti culFdgurea® t showisnvantfiidthi emqu&hbmtsuﬁt&hbelh&enmnbnns imt hthis
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it,is also suitable our - pul'se or Si X-Pp réin
f odT- pul se notor, thél@ﬁﬁgaﬁﬁdaégoﬁdgﬁget6:F|gure 2, 4, 5 6 or 8

Figure 10 shows a sixth embodiment of the invention, in this
case, what is known as a single-phase, single-pulse
motor and

Figure 11 shows a seventh embodiment of the invention.

In the following description, identical components or
components with identical operation have been given the same
reference numerals and in general are described only once.

U Figure 1 shows a schematic representation of a two-pulse
brushless direct current motor 10, in this case, @& single-
phase, two-pole motor, as known from US-A~4 030 005.

Definition of terms:

Two-pulse: The number of current impulses supplied to the
stator winding per rotation of the rotor about 360° el. E.g.
in the course of one complete revolution, the motor illustrated
in Figure 1 will receive only two current impulses of
substantially the same length and the same strength, one
flowing through the stator winding 25 in one direction and the
other in the opposite direction.



must be duplicated and the two Hall-1C s nust be placed on the stator at a
sui tabl e di stance from each other, e.g. spaced by [err] el. The notor 10
illustrated in Figure 1 is an external rotor notor having a two-pole
external rotor 11, its radial nmagnetization being indicated in the usual
manffer by N and S This magnetization is trapezoidal, w th narrow gaps
14, 15 (e.qg. approximately 5 - [err] el.) between the poles. This
trapezoi dal magnetization results in substantially constant induction
(rmagnetic flux density) over approximately 170 - [err] el. and thereafter a
nonot oni ¢ decrease in magnetization, c.f. DE-C-2 346 380 where this is
degcribed in nore detail. The rotor 11 has a peripheral portion 12, e.g. a
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The pot - sheiadglerstrand mato&an vanes 17 of the fan wel ded thereon, this
fan 17 being driven by the notor 10. Only one single vane 17 is shown. In
Figure 1, the 7 poi nts having substantlally constant induction are
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is in this casSe as a ng only one out
for four-pulse or 51x—pu1se motors, Whereln, e. g. for a four-

pulse motor, the c1rcu1t according to Figure 2, 4, 5, 6 or 8
must be duplicated and the two Hall-IC’s must be placed on the
stator at a suitable distance from each other, e.g. spaced by
90° el.

The motor 10 illustrated in Figure 1 is an external rotor motor
having a two-pole external rotor 11, its radial magnetization
being indicated in the wusual manner by N and S. This
magnetization is trapezoidal, with narrow gaps 14, 15, (e.q.
approximately 5 - 10° el.) between the poles. This trapezdﬁ_l'
magnetization results in substantially constant inductiofn
(magnetic flux density) over approximately 170 - 175° el. and

thereafter a monotonic decrease in magnetization, c.f. DE-C=-2
346 380 where this is described in more detail.

The rotor 11 has a peripheral portion 12, e.g. a pot-shaped
- cover made of deep-drawn steel, the base of which (not shown)
is coupled to the shaft (not shown) of the rotor. The magnet
13 itself, usually a rubber-type magnet, is secured within this
pot-shaped cover 12. The pot-shaped cover 12 has fan vanes 17
of the fan welded thereon, this fan 17 being driven by the
motor 10. Only one single vane 17 is shown. In Figure 1, the



si gnal . O her types of sensors can of course al so be used, e.g. an
optical sensor. The air gap 33 above the stator pole 19 and the air gap 34
of correspondi ng shape above the pole 20 are fornmed as shown in US-A-4 030
005..E.g. starting fromthe slot 23, the air gap 33 increases in the
dir&ction of rotation to a maxi mum 30, and from then on decreases
nonotoni cal ly back down to a mninum/[err], thus producing the required

rel uctance torque, c.f. DE-C-2 346 380. O7 course, a notor according to the
i nvention can equally be designed as an internal rotor nmotor. The shape of
the air gap depends on the shape of the required reluctance torque and on
the.type of magnetization of the rotor 11. The pole slots 14 and 15 are
advant ageopalints davichg Teabsbantialler dohgtamt-i (awdecticor apey inadwated,
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circuit. course, itTrs équally p

i nternal retdppling.s, Thet disgeptilons dfevrotakiiongds, imddcated byutheamaoow
alternatel ygwi thin the winding 25, a direct current inpulse will flow from
the termnal 28 to the term nal 8 29 and then fromthe termnal 29 to

the termnal 28. There nmust be a current interruption between each two
successi \éemﬁp@(ﬁ%%msh@s iﬁ\vcﬂ[)d&liéﬁftrf@bllb%i,n dn gh;épéfi podecyiof ahdea
not or an econ using_a _bridge ci.rcuit,_in.o r to,prevent short
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circuit 41°opening of the slot 24. The rotor-position sensor 32 is in
this case formed as a Hall-IC, delivering only one output
signal. Other types of sensors can of course also be used,

e.g. an optical sensor.

The air gap 33 above the stator pole 19 and the air gap 34 of
corresponding shape above the pole'zo are formed as shown in
US-A-4 030 005. E.g. starting from the slot 23, the air gap 33
increases in the direction of rotation to a maximum 30, and
from then on decreases monotonically back down to a minimum d,,
thus producing the required reluctance torque, c.f. DE~C-2 346
380. Of course, a motor according to the invention can equally
be designed as an internal rotor motor. The shangoﬁ;the air
gap depends on the shape of the required reluctance torques..and
on the type of magnetization of the rotor 11. The pole sibts
14 and 15 are advantageously sloping. The motor according to
Figure 1 is only shown by way of example in order to facilitate
understanding of the subsequent circuit. Of course, it is
equally possible to use other motors, e.g. internal rotor
motors, motors with a level air gap, etc.

As illustrated, alternately within the winding 25, a direct
current impulse will flow from the terminal 28 to the terminal



often referred to as a control circuit, a comutation circuit or a current
fl ow selection circuit. A neltable resistor 42 and a di ode 43 preventing
reverse polarity lead fromthe positive pole of a direct current source
e.%g 24, 48 or 60 V) to a positive lead 44. A filter capacitance 46, e.qg.
jet ween 20 and 100 [err] is disposed between the positive |lead 44 and
the negative | ead 45. The resistor 42 nelts in the event of overload of
the notor, thus serving as a protector. THe Hall-1C 32 serving as a
rotor-position sensor is connected to the emtter 47 of a transistor 48,
the coll ector and base of which are connected via resistors 49 and 50 to
the positive lead 44, and fromthe base of which a Zener diode 53 |leads to
t he 'hegat ivzo | and 4hens Erdmt tﬁecmmmlvmg age tthe ecgrmingl V28s olptered
at the em 47, t t Y/ sh ) %2 be
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Hal | -1 C 32, which is_connecied via it er termnal he negative
| ead 45, | RAQRARNE ashprE OCEPEJB‘EI‘P%?I N&%t?ﬁﬂs@‘l"fﬁr 55%195?“9#%‘&6# of the
col | ector, Bidge @ilwaiit, as illustrated, formng the output 55 of the
Hal | -1 C 32. A first operating resistor 56 for the Hall-1C 32 | eads from
this output 55 to the constant voltage at the emtter 47, and a further
restst or 5Td cxhus nighthefhdthe dfine Frdsdn Rigunen @ rfhene disistfnl Sdridege

\‘m tter of M&ngs APWE he%éx&thw%‘igaééﬁ(fcbﬁ %é:‘k%r agﬂﬂ:%%éé"éﬁﬁt q{wff
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than that cfor henentbhetod’of the bridge circuit 40. The circuit 41 is
often referred to as a control circﬁit, a commutation circuit
or a current flow selection circuit. A meltable resistor 42
and a diode 43 preventing reverse polarity lead from the
positive pole of a direct current source (e.g. 24, 48 or 60 V)
to a positive lead 44. A filter capacitance 46, e.g. of between
20 and 100 JF, is disposed between the pbsitive lead 44 and the
negative lead 45. The resistor 42 melts in the eyent of
overload of the motor, thus serving as a protector. |

The Hall-IC 32 serving as a rotor~position sensor is connected
to the emitter 47 of a transistor 48, the collector and base of
which are connected via resistors 49 and 50 to the positive
lead 44, and from the base of which a Zener diode 53 leads to
the negative lead 45, so that a constant voltage of, e.g. 5.6 V
is obtained at the emitter 47, to which other low-power devices
(not shown) may also be connected, e.g. a speed control circuit
or a current limiting circuit. One advantage of this circuit,
however, is the fact that it can operate up to a relatively
high motor powef output without a current limiting circuit.

The Hall-IC 32, which is connected via its other terminal to



The cathode of a diode 62 is further connected to the output 55, and its
anode is connected via a high resistance resistor 63, serving as a second
operating resistor for the Hall-1C 32, to the positive lead 44, via a del ay
capagitance 64 to the negative |ead 45 and via a junction J1 to the base of
an fdpn- transistor 65 serving as a driver stage. The collector of the
phase-inverting transistor 58 1is also connected via a delay capacitance
66 to the negative [err] 45 and via % junction J2 to the base of an
npn-transi stor 67 serving as a driver stage. The full bridge circuit 40 has
four Darlington transistors. The upper branches include two pnp-transistors
70,.71, and the | ower branches include two npn-transistors 72, 73. The
em Mers oftHéendgainivet baad 705 7inaledesnaecties batpnt mlﬁpﬁet:}m.%ﬂor
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resistor 74, to the termnal 29 of the stator w nding 25. The base of the
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are conductive and a current w ron1t ositive la t
transi st or 85 shown piie substantially hlgher than that of the emltter 47.

The cathode of a diode 62 is further connected to the output
55, and its anode is connected via a high resistance resistor
63, serving as a second operating resistor for the Hall-IC 32,
to the positive lead 44, via a delay capacitance 64 to the
négative lead 45 and via a junction J1 to the base of an npn-
transistor 65 serving as a driver stage.

The collector of the phase-inverting transistor 88, is also
connected via a delay capacitance 66 to the negativ&ﬁa'gdg45
and via a junction J2 to the base of an npn-transistor 67
serving as a driver stage.

The full bridge circuit 40 has four Darlington transistors.
The upper branches include two pnp~transistors 70, 71, and the
lower branches include two npn-transistors 72, 73. The
emitters of the transistors 70, 71 are connected to the
positive lead 44 and the emitters of the transistors 72, 73 are
connected to the negative lead 45. The collectors of the
transistors 70 and 72 are connected together and to the
terminal 28 of the stator winding 25. The collectors of the
transistors 71 and 73 are also connected together and, via a



resistor 74, the stator winding 25 and the bridge transistor 72 to the
negative lead 45. |If, on the other hand, the driver transistor 65 is
conductive, the bridge transistors 70 and 73 becone conductive and a
current will flow fromthe positive |lead 44 via the transistor 70, the
stat'or winding 25, the PTC resistor 74 and the transistor 73 to the
negative | ead 45. Thus, the current in the stator winding 25 wll flow from
termnal 29 to 28, and, then, fromterm 38 28 to 29. The PTC resistor 74
prevents the nmotor current fromincreasing to n excess value in the case of
a blocked rotor 11, as its resistance value wll then be greatly increased
as @ result of heatlng and the current in the winding 25 wll be reduced to
saf & | evel P1Td freudidtaolr i vey tds aﬁhestemlﬁﬁlarm f e é'eab@rrwmﬁlaliﬁd 25.
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at its output (c.f.. Ei.qure_3A). ese _are hi fQr ny (transistor 54
bl ocked) a%&’ é’ﬁefioﬁl%&c O)t& I'p‘(et E’&ﬁﬁ 9{}0&%@4 58'%‘5 51“1°\‘r‘e)72-w]en t he
output 55 becones high, the transistor 58 will be rendered conductive via
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driver from the positive lead 44 via the transistor 71, the PTC
resistor 74, the stator winding 25 and the bridge transistor 72
to the negative lead 45. If, on the other hand, the driver
transistor 65 is conductive, the bridge transistors 70 and 73
become conductive and a current will flow from the positive
lead 44 via the transistor 70, the stator winding 25, the PTC
resistor 74 and the transistor 73 to the negative 1lead 45.
Thus, the current in the stator winding 25 will flow from
terminal 29 to 28, and, then, from terminal 28 ta: 28.. The PTC
resistor 74 prevents the motor current from 1ncreas&ngs;wJ.;iw

excess value in the case of a blocked rotor 11, as its
resistance value will then be greatly increased as a result of
heating and the current in the winding 25 will be reduced to
safe levels.

If both driver transistors 65 and 67 were to be rendered
conductive simultaneously, all the bridge transistors 70 - 73
would become conductive simultaneously, resulting in a short-
circuit connection between the positive lead 44 and the
negative lead 45, 1leading to immediate destruction of these
transistors. This situation, thus, must never be allowed to
arise, i.e. the control signals for the driver transistors 65



transistor 67, and with it the bridge transistors 71 and 72. This is shown
In Figures 3B and 3C. Fi gure 3B shows the voltage u66 at the capacitance
66 and Figure 3C, in the hatched portion, shows the actuation of the
transistors 71 and 72. Wen the output 55 becones high, the diode 62

si mit t aneously bl ocks, so that a charge current can flow via the hi gh
resi stance resistor 63 to the delay capacitance 64 and charges the latter
substantially linearly, as illustrated i #¥igure 3D (u64). If the voltage
at the capacitance 64 reaches a threshold value uth of approximtely 2 V
(approxi mately the conbi ned base-emtter threshold voltages of three
transistors!), the driver transistor 65 becones conductive, thus causing
conttuct i on aofd tée nusiksbet spacéd admd tile Af t 8pecibaht measuteshareotprovdlindg

[err] el., tg'ﬁhé B@gﬁﬁcﬁﬁw%@‘ #ﬁ% e'dn'.' C 32 becones low, i.e.

the transisto ] ctive. ay capacitance 64 can then
di scharge very rapidly, e.g. within one mcrosecond, via the diode 62 and

the transi sy Bg114B€d3beni-afidedli 8§HaF8€ wavel @1 €880 S t ek ditput
previously conductive driver transistor 65 is very rapidly blocked,  thus

al so bl ockilfy f-hF 1IR3 dr s FHe8Rd aFe M1 f%i 180 ThelpndsEansyeter 54

transi st or Hdbdked) aridedhamildvartaoudlsodied + Neratisilstor Baigndwtiistence
resistor 57, so that, according to Figure 3B, the delay capacitance 66 can
be charged via the relatively high resistance resistor 59 with an
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driver transistor 67 will beconme conductive, calsing the transistors 71 and
72 to becor¥ rcoblitcdel@y capacitance 66 thus discharging very rapidly,

e.g. within one microsecond. The transistor 58 thus acts as a
discharge element for the capacitor 66, and blocks the driver
transistor 67, and with it the bridge transistors 71 and 72.
This is shown in Figures 3B and 3C. Figure 3B shows the
voltage ugg at the capacitance 66 and Figure 3C, in the hatched
portion, shows the actuation of the transistors 71 and 72.

When the output 55 becomes high, the diode 62 simultaneously
blocks, so that a charge current can flow vimgtnqihigh
resistance resistor 63 to the delay capacitance 64 and chérg%s
the latter substantially linearly, as illustrated in Figure 3D
(ugy) - If the voltage at: the capacitance 64 reaches a threshold
value uyy of approximately 2 V (approximately the combined
base-emitter threshold voltages of three transistors!), the
driver transistor 65 becomes conductive, thus causing
conduction of the transistors 70 and 73.

After rotation of the rotor about 180° el., the voltage at the
output of the Hall-IC 32 becomes low, i.e. the transistor 54
becomes conductive. The delay capacitance 64 can then
discharge very rapidly, e.g. within one mnicrosecond, via the
diode 62 and the transistor 54, used here as a discharge



Therefore, as can be clearly seen fromFigure 3, time gaps 82 wll occur
bet ween the sections at which, on the one hand, the bridge transistors 70
and 73 and, on the other hand, the bridge transistors 71 and 72 are
con?¥ctive. In the case of a four- pole notor operating at 3000 rpm e.qg.
[er el . corresponds to a tinme of 5 ns. The duration of the gaps 82, in
this case, will preferably be selected to fall between approximately 0.1
and 0.5 ms, i.e. substantially |longer thd® the discharge time of the
capaci tances 64, 66, which need be only a few m croseconds. The high
resi stance resistors 59 and 63 at the relatively high operating voltage,
e.g.-.of 24 or 48 V, form for all practical purposes, a constant current
source, aneéliementy ®d dhatorthes previcusiy idmﬂiuaﬁia;regeimﬁrd:rhd:miea)stor 65

capaci tanc Sy ¢ ck h
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circuit as=x éﬁﬁﬁﬁ' (ﬁ?ﬁﬂ%ﬂ TS isien 38y it apierkedcsignl tapgously yia
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|nned|atel¥.bec?pes conduct i ve “and_ t he capacitancé 6
hreshold voltage uyj (here, e.g. of approxnnately 2 V) is
exceeded, the driver transistor 67 will become conductive,

causing the transistors 71 and 72 to become conductive.

Therefore, as can be clearly seen from Figure 3, time gaps 82
will occur between the sections at which, on the one hand, the
bridge transistors 70 and 73 and, on the other hand, the bridge
transistors 71 and 72 are conductive. In the case of a four-
pole motor operating at 3000 rpm, e.g. 180° el. corresponds to
a time of 5 ms. The duration of the gaps 82, in this case,
will preferably be selected to fall between approximately 0.1
~and 0.5 ms, i.e. substantially longer than the-.disck

of the capacitances 64, 66, which need be -oﬁiy A few

microseconds.

The high resistance resistors 59 and 63 at the relatively high
operating voltage, e.g. of 24 or 48 V, form, for all practical
purposes, a constant current source, and thus provide for
essentially linear charge of the delay capacitances 64 and 66.
This results in more precise actuation delay than charging in
accordance with an exponential function, which would be the
result if the connection were to be made to the emitter 47.
Moreover, the transistor 48 is thus less loaded, so that a



i medi ately di scharge, while, on the other hand, the capacitance 64 can
charge slowy via the resistor 63. Wthout these tw conponents, the
voltage at the capacitance 64 would be limted to the base-emtter
threshol d voltage of the transistor 58. Freewheeling diodes 70" to 73" are
confécted in an antiparallel manner with the bridge transistors 70 - 73.
The following are typical values for some of the conpdnents, where k = k
Chns: operating voltage: 48 V = a four-pdi®, single-phase motor of 15 W
vol tage at the point 47: 5.6 V Hall-1C 32: TL 170 resistor 56: 2.2 k
resistors 57, 59, 63: 100 k resistors 75, 76: 22 k capacitances 64, 66: 10
nF.Figure 4 shows a further sinplified enbodi ment of the motor according
to the i nvesmaldrer itradsicdtompaerat i wsed be greatly i nproved whil e using
fewer conponents, this being of particul ar 14 inportance when it is
applied to fans, as in this case the space available is extremely limted.
As in the {The ctRternal h&rpredstprg 54 gafeshe déallci® d@npohentilised in

conponent s iR\ néli Féiert | 481 a0 kRhia®ge BIRRERN ﬂbi/eﬁnéhaea@@e da&fewl%ﬁﬁ:e
nuner al s and in ﬂeneral have not been_descri bed again. The full bridge
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decoupllng element in the form of the resistor 57 and the diode
62 is required in the circuit as shown in order to ensure that
when the transistor 54 blocks, on the one hand, the transistor
58 immediately becomes conductive and the capacitance 66 can
immediately discharge, while, on the other hand, the
capacitance 64 can charge slowly via the resistor 63. Without
these two components, the voltage at the capacitance 64 would
be limited to the base-emitter threshold voltage of the
transistor 58. Freewheeling diodes 70’ to 73’/ are connected in
an antiparallel manner with the bridge transistors 70 - 73.

The following are typical values for some of the components,

K_/ _ where k = k Ohms:

operating voltage: 48 V =

‘a four-pole, single-phase motor of 15 W

voltage at the point 47: 5.6 V

Hall-IC 32: TL 170

resistor 56: 2.2 k

resistors 57, 59, 63: 100 k

resistors 75, 76: 22 k

capacitances 64, 66: 10 nF.

Figure 4 shows a further simplified embodiment of the motor
according to the invention, in which operation can be greatly
improved while using fewer components, this being of particular



fromthe bridge terminal 28 to the bridge term nal 30. The upper bridge
transistors 70 and 71 are controlled differently fromthe control circuit
according to Figure 2. Aresistor 85 leads fromthe termnal 28 to the base
of the transistor 71 and, conversely, a resistor 86 |leads fromthe term nal
30 t'o the base of the transistor 70. Furthernore, a capacitance 87 is
provi ded between the bases of the transistors 72 and 73, although this may
be di spensed with if the transistors 72 d4d 73 have hi gh inherent
capaci tances. The control circuit 41" |ikew se uses a Hall-1C 32, although
any ot her type of sensor, e.g. a light barrier, may also be used. It is
rticularly preferred, according to the invention, to use sensors having
d| gl tal outimportiageel Swlﬁéh(E'fcglMSE dpplie@. to Of@hs, WaisChi®r € il case the
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while its other tern1n§l I's connected via 't resi stor to the positive
| ead 44. TH@mPﬁPéﬁnépdcGHSE?@@FPénh@ﬂetn@tHéﬁﬁnl@e§9r%§§ddé§@#Pbed in
connection with Figure 2. The output 55 of the Hall-1C 32 is connected via

a resistor 88 taq the positive Iead d directly.tq.the catho e of
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diodes 70’ - 737’7 and base-emitter re51stors 70" - 73" are
provided. The stator winding 25 and the PTC resistor 74 lead

from the bridge terminal 28 to the bridge terminal 30.

The upper bridge transistors 70 and 71 are controlled
differently from the control circuit according to Figure 2. A
resistor 85 leads from the terminal 28 to the base of the
transistor 71 and, conversely, a resistor 86 leads from the
terminal 30 to the base of the transistor 70.

Furthermore, a capacitance 87 is provided between the bases of
the transistors 72 and 73, although this may be dispensed with
if the transistors 72 and 73 have high inherent capggitances.

The control circuit 41’ likewise uses a Hall-IC 32, although
any other type of sensor, e.g. a light barrier, may also be
used. It is particularly preferred, according to the invention,
to use sensors having digital output signals 80 (Figure 3),
i.e. signals which are not representative of the analog value
of the magnetic field controlling the sensors (or any other
physical parameters).

A Zener diode 53 with a Zener voltage of, e.g. 5 V, is



connected to the negative |lead 45, and the collector of which is connected
via the junction J2 to the base of the bridge transistor 72, and via a
resistor 95 to the positive lead 44. The transistor 94 serves as a phase
inversion stage and is utilised as a controllable element to block the
contfol input of the transistor 72, while the internal transistor 54 of the
Hal |l -1 C 32 serves as a controllable el ement to bl ock the control input of
the bridge transistor 73. The arrangementt®ccording to Figure 4 has the
foll owi ng advantages: a) The PTC resistor 74 protects the notor and the
brldge circuit 40" against overloading. b) Wwen overloading is elimnated,
.when the rotor 11 is no |onger blocked, the overload protector
aut ti caldonnemtad sin gdieEl el el tist the, Habl%hatszhe TheoHaddrIGpa&2athas
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to 1/ 10 of the dur at,jion of the smntchlg%_ bet ween t he di sconnecti on

of one traf@Ssdfsqiditedid Genngatian t’i?é‘%l?sequent transistor pair.

e) Furthernore, the arrangenent according to Figure 4 is protected against

fallure of .1he br re 4 Ltable r T
mtancé][rh réﬁ? é%) %éé?%gﬂ?ﬁ%-%ﬁe?gEl§eF85§8§%ﬁ§ ﬁlgo%nﬁfgﬁfﬁﬁrbﬁs
th ot or & rtém Hositttigrestlgast 44 ,ndindy ddFectly to the cathode of a diode
89, the anode of which is connected via the junction J1 to the

base of the bridge transistor 73 and to which a resistor 90 is
connected in parallel.

Furthermore, a resistor 93 leads from the output 55 to the base
of an npn-transistor 94, the emitter of which is directly
connected to the negative lead 45, and the collector of which
is connected via the junction J2 to the base of the bridge
transistor 72, and via a resistor 95 to the positive lead 44.
The transistor 94 serves as a phase inversion stage and is
utilised as a controllable element to block the control input

U of the transistor 72, while the'interhal transistor 54 of the
Hall-IC 32 serves as a controllable element to block the
control input of the bridge transistor 73.

The arrangement according to Figure 4 has the following
advantages:

a) The PTC resistor 74 protects the motor and the bridge
circuit 40’ against overloading.

b) When overloading is eliminated, i.e. when the rotor 11 is
no longer blocked, the overload protector automatically
reverts to the normal state, so that the motor can operate



t hereby preventing voltage peaks. During operation the bridge transistor 72
I.s controlled by the phase inversion stage 93, 94, 95, while the bridge
transistor 73 is directly controlled by the Hall-1C 32 with no phase
inversion. E g. if the transistor 94 is blocked, i.e. the bridge transistor
72 'S conductive, the voltage at the point 28 corresponds approximtely to
that of the negative |ead 45. Consequently, the base of the bridge
transistor 71 will receive an actuating cudent via the resistor 85, so
that this transi stor becomes conducti ve. Thus, the voltage of its
collector (point 30) will correspond approximately to that of the positive
| ead; 44, and a current can flow fromthe positive |lead 44 via the

trarfsi stor 71, normalRI@ roeriestagyaimd, t he st ator 17 wi nding 25 and the
transistor 72 to the negative |lead 45. In the reverse case, if the
transistor 73 is conductive and the transistor 72 is bl ocked, a base
current wild) f Eyeniin the evsnh: of gyerdoadding ofsithepbrigiges ¢imenit 4o’

becomes conductinee comtddin@ i Qi ¢inadild ddePytifd.he reverse
direction, i.e. fromthe lead 44 via the transistor 70, the stator w nding

25, the resistor 74 and the transistor 73 to the negative | ead 45. For
reliabl e oggr atimorspitdr odgechr raset fof*digstdlpesighalls &0 ,9rehé bridge
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negative lead 45. T 0SS O
reach dangerouglﬁgﬂgqutlon of one transistor pair and the actuation of

the subsequent transistor pair.

e) Furthermore, the arrangement according to Figure 4 is
protected against failure of the bridge circuit 40’ by the
meltable resistor 42.

The capacitance 46 serves to receive the energy released upon
commutation of the motor current in the stator: winding 25, -
thereby preventing voltage peaks.

During operation the bridge transistor 72 is controlled by the
phase inversion stage 93, 94, 95, while the bridge transistor
73 is directly controlled by the Hall-IC 32 with no phase
inversion. E.g. if the transistor 94 1is blocked, i.e. the
bridge transistor 72 is conductive, the voltage at the point 28
corresponds approximately to that of the negative lead 45.
Consequently, the base of the bridge transistor 71 will receive
an actuating current via the resistor 85, so that this
transistor becomes conductive. Thus, the voltage of its
collector (point 30) will correspond approximately to that of
the positive lead 44, and a current can flow from the positive
lead 44 via the transistor 71, the PTC resistor 74, the stator



According to one feature of the invention, these short-circuit currents are
prevented by di sconnecting the [err] 72 and 73 relatively rapidly via
conductively switched sem conductor paths with relatively |ow differenti al

i nternal resistance. Thus, the tinme constant, which is fornmed by these
int @ nal resistances with the base-enitter and the base-col | ector

capaci tances of the transistors 72 and 73, will be conparatively |low. The
conductive sem conductor path for the trakgistor 73 is forned by the diode
89 and the conductively switched internal transistor 54 of the Hall-1C 32.
The conductive transistor 94 fornms the sem conductor path for the

trapsistor 72. ° In contrast to disconnection, actuation is effected by
base” cur r enytn@inglUz®caky tlee atrams Vs tbd 72 e66 St CRed£151wé O1&ad a46l. Whi ch
thus cause a relatively slowincrease in the base voltage. E.g. if the

transistor 94 is switched off, a base current will flow via the resistor 95
into the bdbe the tmexsejg@saartsf sthoe A2ansigieobhds® id cdredwetilge and the

transi stor yhan € 72 Upd b'io@i%ﬁnceaoi)a%@ Scﬁf?éﬁﬁ't witgs oY gRLEly

at the voltage of the emtter, so tha ase current nust first overcone
t he storagéf%$4§59rbf8§hetﬁas§h€hlFﬂéﬂﬁﬁﬁﬁtaﬁovéoalISPhetb§§e &8 | becomes
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resistors EﬁgéﬁE&ég)féﬁé base of the transistor 73 nust first overcone

t he i nheren orage effect’ before the transistor 73 can becone conducti ve.
For reliable operation of bridge circuits of this type, it is
of great importance that the transistors, which have their
collectors connected together and are of respectively different
conductivity types, should never be conductive at the same
time, as the current then would not be limited, i.e. there
would be a short circuit between the positive lead 44 and the

negative lead 45. The loss of power in the transistors in such
cases can reach dangerous levels.

According to one feature of the invention, these short-circuit
currents are prevented by disconnecting the ‘Ganﬁﬁﬁpors 72 and
73 relatively rapidly via conductively switched - samaconguctor
-paths with relatively low differential internal re51§tance.
Thus, the time constant, which is formed by these internal
resistances with the base-~emitter and the base-collector
capacitances of the transistors 72 and 73, will be
comparatively low. The conductive semiconductor path for the
transistor'73 is formed by the diode 89 and the conductively
switched internal transistor 54 of the Hall-IC 32. The
conductive transistor 94 forms the semiconductor path for the
transistor 72. '



As the inherent capacitance values of nodern transistors are relatively
small, this delay effect described in respect of the actuation operation,
as opposed to the blocking operation, is not specifically apparent. it
I S,~. however, generally sufficient in order to prevent direct
shot*t-circuit currents via the transistors 70 and 72 or 71 and 73.
Neverthel ess, this effect can be easily destroyed by other effects that
cannot almays be suppressed, e.g. capaci £8nces between the | eads,

resi stances in connecting lines and tol erance variations within the

I ndi vidual transistors being used. However, the effect described can be
enhanced in a very sinple 19 manner accordlng to one extrenely
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the transistor 72 trans erre via the capacitance 87 to t e base of
transi st or th§, ba?em& 31%‘%':%3%&9%?%5@%0%? orie et Sransgigter dropcan

bel ow t hat pbetomBeconductive.

Similarly, the transistor 73 is actuated with delay when the
internal transistor 54 of the Hall-IC 32 is blocked. Just
previously, the base of the transistor 73 was at the voltage of
the emitter and the base current flowing via the resistors 88
and 90 to the base of the transistor 73 must first overcome
the inherent storage effect before the transistor 73 can become
conductive.

As the inherent capacitance values of modern transistors are
relatively small, this delay effect described in respect of the
actuation operation, as opposed to the blocking operation, is
not specifically apparent. It is, however, generally
sufficient in order to prevent direct short-circuit currents
via the transistors 70 and 72 or 71 and 73. Nevertheless, this
effect can be easily destroyed by other effects that cannot
always be suppressed, e.g. capacitances between the leads,
resistances in connecting lines and tolerance variations within
the individual transistors being used.

However, the effect described can be enhanced in a very simple



negative | ead 45, keeping the transistor 73 initially securely bl ocked,
even al though an actuating current flows via the resistors 88 and 90 to the
base of the transistor 73. This current nust first recharge the

capagci tance 87 by a voltage difference of 2 x UBE before the transistor 73
can-become conductive. Thus, for a relatively |ong period of tinme, both
transistors 72 and 73, and hence also the transistors 70 and 71, are
securely blocked. Conversely, when the idfernal transistor 54 of the
Hal | -1 C 32 changes over fromthe blocked to the conductive state, the
capaci tance 87 first nust recharge in a conpletely anal ogous manner, but
nown*n the reverse direction. The base-emtter 20 voltage UBE of the
prev: ouslymammanxaqnnndknmitOODnésexﬂdemglyundvnntageowwsdbvemapment of

appr oxi mat 1idy | h [ ransi 4
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90 further capdiedeanicee e ot F @ Wwege. nore slowly, to approximtely
0.1 to 0.3 V. This rapid change in voltage is transferred by the

capaci tance 87 fromthe base of the transistor 73 to the base of the
transi st or The, capaditianden &pidmperdtdsadatel ows enlet hit béoa{ssgmeaatmla&

reSi stor ”1?: A5 3 gz.%to i %fblt?x(ékglgll E'?:ea%aﬁgc' %tﬁzeageh@

t be rec arge y a Vo approxi mat € resi gtor
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del ayi ng bqth of .. del aying actuation of the bridge transistor 72

and act vt A6 oFVLRERbRYGiEate nbte By diren *Instant, '1.69° ectnes hont

conductive, the transistor 94 will become conductive almost
simultaneously and will essentially short-circuit the base-
emitter path of the bridge transistor 72. This causes the
base-emitter voltage Ugpp at the transistor 72 to drop very
rapidly to approximately 0.1 to 0.3 V, from a previous level of
approximately 1.2 to 1.4 V. This rapid change of voltage at
the base of the transistor 72 is transferred via the
capacitance 87 to the base of the transistor 73, so that its
base voltage at the transistor 73 will drop below that of the
negative lead 45, keeping the transistor 73 initially securely
blocked, even although an actuating current §iows via the
resistors 88 and 90 to the base of the transistor- 7%, This
current must first recharge the capacitance 87 by a voltage..
difference of 2 x Ugp before the transistor 73 can becone |
conductive. Thus, for a relatively long period of time, both
transistors 72 and 73, and hence also the transistors 70 and
71, are securely blocked.

Conversely, when the internal transistor 54 of the Hall-IC 32
changes over from the blocked to the conductive state, the
capacitance 87 first must recharge in a completely analogous
~manner, but now in the reverse direction. The base-emitter



The resistor 93 serves to decouple the output voltage of the Hall-1C 32
(necessarily relatively high) at its output 55 [err] the | ow base-em tter
voltage of the transistor 94. The resistors 88, 90 and 93 are particularly
advantageously so di nensi oned that they provide approxinmately the sanme
curtent at the base of the transistor 73 as the resistor 95 provides at the
base of the transistor 72. The del ay periods upon actuation of the
transistors 72 and 73 will then be essentd®l |y the sanme. In particular, as
a result of the fact that the bases of the two bridge transistors 72 and 73
are connected together by the capacitance 87, the required relatively |ong
time, interval of 21 the order of between 1/100 and 1/10 of the duration
of the swi MdfljhayecyIHEe ccfartlbez el owsl Y etonductive otensistonf 768ne which,

transi stor EEHQQ tar r r
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resulting in and a lo ice Li of the notor
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to 60 V) atlandigticy Ppeest ithe MatW08fr RHe transistor 72, so that, in
spite of the base current then flowing via the resistor 95, the
transistor 72 remains blocked. The capacitance 87 again must
be recharged by a voltage of approximately 2 x Upgp via the
resistor 95 before the bridge transistor 72 can become
conductive. The capacitance 87 thus has a dual function, being
used for two switching operations and delaying both of them,
'i.e. delaying actuation of the bridge transistor 72 and
actuation of the bridge transistor 73.

The resistor 93 serves to decouple the output voltage of the
Hall-IC 32 (necessarily relatively high) at its outputw85 £ggn
the low base-emitter voltage of the transistor 94.

The resistors 88, 90 and 93 are particularly advantageously so
dimensioned that they provide approximately the same current at
the base of the transistor 73 as the resistor 95 provides at
the base of the transistor 72. The delay periods upon

" actuation of the transistors 72 and 73 will then be essentially
the same.

In particular, as.a result of the fact that the bases of the
two bridge transistors 72 and 73 are connected together by the
capacitance 87, thé'required relatively long time interval of



Hal | -1C 32: TL 170 resistors 85, 86: 47 k each capacitance 46: 47 [err]
capaci tance 87: 3300 pF resistor 49: 4.7 k transistors 70, 71: BD680
resistor 88: 33 k transistors 72, 73: BD679 resistor 90: 12 k resistor 93:
diode 89: 1N4148 resistor 95: 68 k transistor 94: BC546 22 Figure 5
shows™ a sinple nodification of Figure 4. The control circuit 41' of Figure
5 is absolutely identical to the control circuit 41' according to Figure 4
and so has not been described again. The %&mi conductor arrangement 40" of
Figure 5 conprises only two Darlington transistors 72 and 73, the circuit
arrangenment and connection of which also correspond exactly to Figure 4,
and-so have not been described again. In addition, a capacitance 87 of
appr exi mat etheeqralervabfie bedwieeant 1100 gand 4 410 poﬁvmi'fed detrationt heff r the
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is connected to the olleitor of the rans st or 7%hﬁand the other term ?or

29 of the mFHBFﬂBng BoRREEPELOROF hE EoVP BFon hE3PRGHERREG 873and

of the resistors 88, 95. This pause also reduces the thermal
_ loading of the transistors of the bridge circuit 40’, resulting
-/ in high efficiency and a long service life of the motor.

The cross connections of the bases of the transistors 70, 71
with the collectors of the transistors 72, 73 provide for
direct control, so that the driver transistors 65 and 67
according to Figure 2 can be dispensed with, thereby
considerably simplifying the circuit. '

The following are some typical values for Figure 4, where k = k
Ohms:
operating voltage: 48 V (40 to 60 V)
a 10 W motor operating at 3000 rpm
Hall-IC 32: TL 170
resistors 85, 86: 47 k each
capacitance 46: 47 PF
capacitance 87: 3300 pF
resistor 49: 4.7 k
transistors 70, 71: BD680
resistor 88: 33 k
transistors 72, 73: BD679
resistor 90: 12 k
resistor 93: 27 k
diode 89: 1N4148
resistor 95: 68 k
transistor 94: BC546



Thus, when

the transistor 72 conducts, current flows in one direction

t hrough the upper half of the winding 25 in Figure 1, representing one

phase, and

when the transistor 73 conducts, current flows in the opposite

direction through the lover half of the wnding 25 in Figure 1, this

represent i
both trans

ng the second phase. As is imediately clear, it is pointless for
Istors 72 and 73 to conduct at the sane tine as the nagnetic

fields of the upper and | ower halves of t3% winding 25 will cancel each

ot her out
efficiency
t wos phase
conducti on
2), neithe
operation
E.g ift

so that the winding 25 will be heated to no avail and the
of the motor wll be reduced. Therefore, also in the case of the
arrangenent according to Figure 5, it is useful to produce a
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The motor 10 in this case is a two-phase motor, i.e. according
to Figure 1, its winding 25 has a centre tap 27 which is
connected via a PTC resistor 74 to the positive lead 44. One
terminal 28 of the winding (c.f. Figure 1) is connected to the
collector of the transistor 72, and the other terminal 29 of
the winding is connected to the collector of the transistor 73.
Thus, when the transistor 72 conducts, current flows in one
direction through the upper half of the winding 25 in Figure 1,
representing one phase, and when the transistor 73 conducts,
current flows in the opposite direction through the -lover; half
of the winding 25 in Figure 1, this representing the second
phase.

As is immediately clear, it is pointless for both transistors
72 and 73 to conduct at the same time as the magnetic fields of
the upper and lower halves of the winding 25 will cancel each
other out so that the winding 25 will be heated to no avail and
the efficiency of the motor will be reduced.

Therefore, also in the case of the two-phase arrangement
according to Figure 5, it is useful to produce a conduction



obt ai ned at the instant of commutation. Conversely, if the transistor 73 is
bl ocked during comrutation, the opposite situation obtains, as explicitly
described in connection with Figure 4. If the rotor 11 is blocked, there is
§©ge increase in the notor current. This current heats the PTC resistor
PO such an extent that it reaches a high resistance val ue and thus
protects the notor 10 agai nst overload. Wen the rotor 11 is no | onger
bl ocked, the resistor 74 can cool down a®® the notor |lo can be re-started.
Figure 6 shows a fourth enbodi nent of the invention, which, like Figure 5,
shows a two-phase notor, e.g. 4 Wnotor, which 24 can have an operating
voltage of between 8 and 30 V. (H gher capacities and operating voltages
are oOf cougmp alaripassilbied, For aotmied! ippricd cipduss 82 ihi Figare 2),

formed as qgﬂyt u v I n '
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f eedback. Is emtter Iis al so connected err
the transistor 73, so that its base voltage w111 rapidly drop

below that of the negative lead 45, keeping the transistor 73
securely blocked. This current, which flows via the resistors
88 and 90 to the transistor 73 must first alter the charge at
the capacitance 87 by a voltage difference of 2 x Ugg before
the transistor 73 can become conductive. Thus, both
transistors 72 and 73 are blocked simultanen .. during this
recharging process and the required current‘lnterruptlon is
obtained at the instant of commutation.

Conversely, if the transistor 73 is blocked during commutation,
the opposite situation obtains, as explicitly described in
connection with Figure 4.

If the rotor 11 is blocked, there is a large increase in the
motor current. This current heats the PTC resistor 74 to such
an extent that it reaches a high resistance value and thus
protects the motor 10 against overload. When the rotor 11 is
no longer blocked, the resistor 74 can cool down and the motor
10 can be re-started. |

Figure 6 shows a fourth embodiment of the invention, which,
like Figure 5, shows a two-phase motor, e.g. 4 W motor, which



second npn-Darlington transistor 104, the collector of which is connected
to the termnal 29 of the winding 25, the termnal 27 of which is |ocated,

as illustrated, at the positive lead 44. As illustrated, the transistors
102y and 104 have base-emitter resistors 102', 102", 104', 104" and
freewheel i ng di odes 102"' 104"'. E.g. transistors of the BD 679 type can
be used for these. |If one of the transistors 102 and 104 is conducti ng,

there is a drop in voltage at the resist@* 103, this causing a reduction of
the control voltage of the relevant transistor and thus providing for
negati ve feedback. This prevents these, transistors resulting in

di fferent currents, e.g. when they are heated to differing degrees. These
tLansLstoremwfnﬁvgldﬁghpenaﬂlngnpblta@ﬂidfhbéﬁw?éwheréﬁﬁ(ﬂQJ@OO(Hﬁgﬁ??O,
t hi s being . n e .hin t i.nv ion, as
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the positiyaitcagdod?t aRdvantay&OREegt &hVire | t £ MyaAingl0 atr‘%itclf'@lar}l]y
negative |l ead 45. The termnal™ 105 | éads to a voltage regul ator 110 wth”an
out put vol 4yansproegug in _the\cagh of Lang FPEKAREPRE O§ RAGr ni ABiS

108. Its cantitolice haspparticwlaeayeadyaritdgedds Uitte288ceddN i petnts
Hal | effec&ﬁ%b%nen%h;12\Méklone u ent.ingu% at the_aqut Utdfll an hheh
ot her curr 8REYERBU R S48 Hal “188 CHFPULFefeSRRGTHY ey 19
cohfect ed b Eenergygatso/cthatputhef lassoofapewer I thedcireuit gitselfpis
115 i's con t ed )l esis tosthe:nasilel ‘| t . @f e
conparator?s&ﬁigﬁngtgg ﬁe%?g%Ev%ggg'pégiﬁﬁgg %ggggégﬁayeg?sfg? PYOEs the
output 118 of the comparator 114. The output 115 is directly connected, in

an absol ut ghy this case, a PTC resistor 101 is provided in the positive
' supply lead to ensure secure blocking. One phase of the motor
10 is connected via its terminal 27 to the positive lead 44 and
via its terminal 28 to the collector of an npn-Darlington
transistor 102, the emitter of which is connected to the
negative lead 45 via a low resistance resistor 103 (e.g.
between 0.1 and 0.3 Ohms) providing for negative current
feedback. This emitter is also connected to the emdifibem of a
second npn-Darlington transistor 104, the collector of“whichgi"*
connected to the terminal 29 of the winding 25, the terminal 27
of which is located, as illustrated, at the positive lead 44.
As illustrated, the transistors 102 and 104 have pase-emitter
resistors 102/, 102", 104’, 104" and freewheeling diodes 102%"/,
104n7, E.g. transistors of the BD 679 type can be used for
these. If one of the transistors 102 and 104 is conducting,
there is a drop in voltage at the resistor 103, this causing a
reduction of the control voltage of the relevant transistor and
thus providing for negative feedback. This prevents these.
transistors fesulting in different currents, e.g. when they are
heated to differing degrees. These transistors display high
power amplification, of the order of 1000 to 1500, this being
very advantageous within the context of the invention, as will



symmetrical manner, to the negative input of a conparator 120 and the
output 113 is connected via a resistor 121 to the positive input of the
conparator 120, which is itself connected via a positive feedback resistor

122-{0 the output 123 of this conparator. As illustrated, the conparators
114 -and 120 are connected to the controlled output 111 and the term nal
108. Two npn-transistors 126 and 127 serve as outputs of the unit 100, i.e.

as driver stages. The base of the driver 4%ansistor 126 is connected to the
output 118, and its emtter to the termnal 108. Its collector is connected
to the termnal 128 and it is either connected via an integrated constant
curggnt el emrent 129 to the controlled output 111, as illustrated, or is
conné&ct ed \bea desvwitbed sirstmomwe detsa KX drerihdftdihe positive 26 | ead 44.
During operation, a lowcurrent, e.g. of afewmllianps (1 - 5 my), '
flows via the constant current elenment 129 or the resistor 130 to the

col | ector &fhe Hnkk k29 sigrcaongectedWighitRetenndnadf 1854 yde B3Fesdstian

as a currentog Gt rPlardbedend7 , t 68 BaLAOHA SbriBsChthedte oA tividrala I3
of the unit 100, via which omhener%¥ control_ valu a control wval ue

( e, e.d.
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manner, th 'Rﬁﬁ driver_ tpansistor, 127 i Qnhnected. to the
123 and it;eoe Pt[ 3%01% eor?#e/’ctee' ’ton';S t he§tve’r nleﬁs'.’ %O%r}ﬁ%q %ocngﬁée}%dgtgor)ghe
comréct ed WerminadnstQin dibs aantatadiad asmput ishdndinatsd dy ddlput 111,
or via a high resistance resistor 136 to the positive lead 44. Here too, a

constant current of a few mlli,anps flows to the collector of the ,
transi st or TR URALE | 1RR COMPTises, <& 1Ha11 effect element 112 with one

current input at the output 111 and the other current input at
the terminal 108. Its left output is directly connected to the
negative input of a comparator 114, and its right outpnt 115 is
connected via a resistor 116 to the positive input of the
comparator, which is connected via a positive feedback resistor
117 to the output 118 of the comparator 114.

The output 115 is directly connected, in an absolutefy?
symmetrical manner, to the negative input of a comparator 120

and the output 113 is connected via a resistor 121 to the

positive input of the comparator 120, which is itself connected
via a positive feedback resistor 122 to the output 123 of this

conmparator. As illustrated, the comparators 114 and 120 are

connected to the controlled output 111 and the terminal 108.

Two npn-transistors 126 and 127 serve as outputs of the unit
100, i.e. as driver stages. The base of the driver transistor
126 is connected to the output 118, and its emitter to the
terminal 108. TIts collector is connected to the terminal 128
and it is either connected via an integrated constant current
"element 129 to the controlled output 111, as illustrated, or is
connected via a high resistance resistor 130 to the positive



the smaller the | oss of power in the unit 100, the higher the efficiency of
the notor and the easier it is to control the power of the notor 10 within
wide limts by neans of a small signal at the term nal 134. The col | ect or
of the driver transistor 127 is connected to a termnal 137 of the unit 100
and.fo the anode of a diode 138, the cathode of which is connected to the
term nal 134, which is connected to a junction 141, fromwhich a fixed
resistor 142 leads to the positive |lead #6 and a PTC resistor 143 leads to
the negative |l ead 45. The resistor 143 can, e.g. be disposed in the air
flow of the fan driven by the notor 10. If this air becones warner, the
vol.tage at the junction 141 increases, nore power is supplied to the notor
10, Yts rotiasdnak.speddriney eapesaamlnnorae dow i SuBbigpt| ed.0 bifatat ew

t t t 144
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a fixed vol - Qperation of the circuit according to Figure 6. The unit
100 with the 'l effect elenent 112 is disposed, e.qg.

In an absolutely symmetrical manner, the base of the driver
transistor 127 is connected to the output 123 and its emitter
is connected to the terminal 108. 1Its collector is connected
via a constant current element 135 to the controlled ouﬁput
111, or via a high resistance resistor 136 to the positive lead
44, Here too, a constant current of a few milliamps flows to
the collector of the transistor 127. The lower this current,
the smaller the loss of power in the unit 100, the higher the
e, S0R
power of the motor 10 within wide limits by means of a small =
signal at the terminal 134. The collector of the driver
transistor 127 is connected to a terminal 137 of the unit 100
' and to the anode of a diode 138, the cathode of which is
connected to the terminal 134, which is connected to a junction

efficiency of the motor and the easier it is to com

- 141, from which a fixed resistor 142 leads to the positive lead
44 and a PTC resistor 143 leads to the negative lead 45. The
resistor 143 can, e.g. be disposed in the air flow of the fan
driven by the motor 10. If this air becomes warmer, the
voltage at the junction 141 increases, more power is supplied
to the motor 10, its rotational speed increases and more air is
supplied; so that the temperature decreases again.



In the case of the notor according to Figure 1, in place of the Hall-1C 32,
so that it is controlled by the rotor nagnet 13. If the rotor 11 rotates, a
vol tage according to Figure 8A is produced between the outputs 113 and 115
of the Hall elenment 112, this being representative of the nmagnetization of
the-fotor magnet 13. This voltage is fed, e.g. to the conparator 114 and

Is converted at its output into the square wave voltage [err], illustrated
in Figure 8B. This controls the driver 4%ansistor 126, at the collector
of which the voltage [err] is obtained, illustrated in Figure 8C. This

voltage is blocked by the diode 133, i.e. if the voltage at the junction

141.i.s high, the diode 133 remains blocked and the curve a indicated by the
conﬁ nuous A¥ternatiohely nean Yocr-repdstiong 14d acdn gheadnfroat he ojundieidlC
resistor l4yando g bBE:1FRYEMTEUY ana ?8 PLYER rIBEsLBL 348 Ban 1ead
corresponds approximately to the vo tageITerr] at the output 111. 1f the
resi stor 149 e aegatiye Jepdlii s Prerationiis rthap #ssentinl hiasthe
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i ndi cated by the dott ng J i gur e i s ohtaine .& lower notor ,
pover . 11 t NI 0f Tallure &t g, 1eRiRNGR 42 1 AQYRF pover is

i ndi cat ed Auitdmatdasitldotaahdte®. in Figure 8C is obtained, i.e. the notor

10 receives even | ess power and operates even nore slowy. It is thus
possi ble, in the case of very low currents of a few mA, to regul ate or

control th&hathasemrs thectirarsistorple? by reaneckgdt ko e sptputcleke
of the d_r' fia Staesphees b2/ thel hﬁr&ﬁ%‘ﬂs{&?’rV?ﬂd@ o am%_t%d.:ﬁ‘a'laaﬁ.
the termnal, 134, In %{der to delagracéuat|on, it i s possible, |négﬂr£ to
Therefore, here once again there are very few components, i.e.
the two power transistors 102 and 104, the capacitance 46 of,
e.g. 22‘PF, the unit 100, the resistor 106 and, if required,
the resistors 142 and 143. (The terminal 134, e.g. can also be

at a fixed voltage).
Operation of the circuit according to Figure 6.

The unit 100 with the Hall effect element 112 is disposed, e.qg.
in the case of the motor according to Figure 1, in place of the
Hall-IC 32, so that it is controlled by the rotor magnet 13.
If the rotor 11 rotates, a voltage according to Figure 8A is
produced between the outputs 113 and 115 of the Hall element
112, this being representative of the magnetization of the
rotor magnet 13. This voltage is fed; e.g. to the comparator
114 and is converted at its output into the square wave voltage
U;74, 1llustrated in Figure 8B. This controls the driver
transistor 126, at the collector of which the voltage u;,¢ is
obtained, illustrated in Figure 8C. This voltage is blocked by
the diode 133, i.e. if the voltage at the junction 141 is high,
the diode 133 remains blocked and the curve a indicated by the
continuous 1line 1is obtained, corresponding to a high
temperature of the PTC resistor 143 and thus the maximum motor



connect a capacitance 148 between the emtter and the base of the

transi stor 102 and a capacitance 149 between the emtter and the base of
the transistor 104. These can have typical values of between 1 and 10 nF.
Thesmet hod of operation of these capacitances is identical to that of the
capgﬁltances 64 and 66 of Figure 2. E.g. the capacitance 148 w ||

di scharge very rapidly when the transistor 126 beconmes conductive, so that
the transi stor 102 bl ocks very rapidly. 2&onversely, if the transistor 126
bl ocks, the capacitance 148 (or even only the inherent capacitance of the
Darlington transistor 102), nmust first be charged via the constant current
el ent, thereby providing for a tine delay in respect of actuation. By
virtlie of towwesy.mefheg whlitage car carrespondsaappporimatedppltioethen wdltarpse
of the ”a'?f' Stoé[t e W€ u{:t Qgcom%sf W!ﬁ?%éY&c&g 148, TRl HASeS g.t Réan

capaC|tance 8 an 149 ense as the Tnhérent
capaci t ancde ¢ispased a#ﬁl%lﬁ%réllloﬁ Wdofoa £ara,ahasady lawer danneratng,

lnflghe casery trwtabasaﬂowes j@ﬂ@tbé?]eflﬂurﬁgnfldigﬁﬁ”ét% I Qﬂe:c lscurvedb
suf ficient. cqur e at,the ternjna can be.in enced in
2l uraristcrhAd by o Hhey W03k Slitee it EhirRaBG (4P « 6obRLRedn) duds

t he rotati dosders pedmhr qmweﬁf the power transistors 102 and 104 used
are transistors having high power anmplification, a |ow base current of

the order of a fewmllianps is sufficient for the control thereof. The
volNrage di ifdethe qpesisforol4Bithag 18) wany thew benperpyuze,acthn deugve c
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i s obtained. erefore the unit 100 is particularly suitable for use in

connectlonHMQPl | QY ?Bnlprgﬁﬁ%ﬁ%#% SYeh APEH éﬂﬁ?l?P@gﬁFSﬁ &ven

w th equi valord slowly. It is thus possible, in the case of very low
currents of a few mA, to regulate or control the rotational
speed of the motor by limiting the voltage increase of the
driver stages 126, 127 to the required value by a common signal
at the terminal 134.

In order to delay actuation, it is possible, in additiom

connect a capacitance 148 between the emitter and the
the transistor 102 and a capacitance 149 between the emitter
and the base of the transistor 104. These can have typical
values of between 1 and 10 nF. The nmethod of operation of
these capacitances is identical to that of the capacitances 64
and 66 of Figure 2. E.g. the capacitance 148 will discharge
very rapidly when the transistor 126 becomes conductive, so
that the transistor 102 blocks very rapidly. Conversely, if
the transistor 126 blocks, the capacitance 148 (or even only
the inherent capacitance of the Darlington transistor -102),'
must first be charged via the constant current element, thereby
providing for a time delay in respect of actuation. By virtue
of the symmetry of the circuit, the same process applies in the
case of the transistor 104, when it becomes conductive. In
most cases, the capacitances 148 and 149 can be dispensed with



transi stor arrangenents. However, with a unit of this kind it is also
possible to effect control by nmeans of thyristors. Figure 7 shows a unit
100" which is suitable for relatively high output currents. This unit
corresponds with only a few differences to the unit 100 according to
FigGF I dentical conponents or conponents having identical operation
have therefore been given the sane reference nunerals in both figures and
have not been described again in the case2®f Figure 7. Instead of the

di odes 133, 138 of Figure 6, in Figure 7, pnp- transistors 155, 156 (or
equi val ents that can be designed as an IC) are provided. The emtter of
thejéransistor 155 is connected to the termnal 128, its collector is
connéct ed tastthettmhénemtLﬁ&paaﬂt&hee@aﬁﬁ thecbnmnsisﬂots 102 apdniodl are

134. S|n1l f e
t er m nal ﬂé?éyg% ec %fgngsa%%nnet?ﬂg %&égern1nd$q?%%§g %ﬁi?s baggg
is connecte@rleft¢kr¥%mh1h%teHBEPtIﬁ@rE$0$%§f¥mEQn¥he const ant current

sources 129 and 135 are adapted for relatively high currents, the current
can be controlled by neans of . a small. signhal at the termnal this

current bei?h SHEESd FhonTohtade: bt the Jeerminak7l34 Lame %9511‘%‘?%‘1’%‘?5“"
155 and 156a p.mlramiwt@b wags e 0F . myetheapréémur@eotomircﬂnmﬂdbyynwme

of a very s ho a i b

circuit, of |ca1 e3|gg€+tl$%e %F% d%?%hit %-éhgt% £}%%E1§Eﬁﬁ%
4, \ard so th@zsanﬂd%ﬁkﬁencesﬁ@nﬂ&ﬂ% hﬁvema;ﬁtpmeenhayang H’Gh power
freewheel | rwmﬁwg tatlion 0 &3 16UC HdeS %Qx‘i‘}ér{‘t':b@rﬁg Jdraét 9y . déare

emtters of. ¢ e transistors 72 and 73 are connected together
connect ed vm%g%gqqnyré§,§pgﬁ&glent for the control thereof. The voltage

divider 142, 143 (or 144, 145) can then be designed accordingly
with high resistance, so that a motor with correspondingly high
efficiency is obtained. Therefore, the unit 100 is
particularly suitable for use in connection with Darlington
transistors with high power amplification or with eqguivalent
transistor arrangements. However, with a unit of this kind it
is also possible to effect control by means of thyristors.

Figure 7 shows a unit 100’ which is suitable fox, relatively
high output currents. This unit corresponds with-.only a%few
differences to the unit 100 according to Figure 6. Identical
components or components having identical operation have
therefore been given the same reference numerals in both
figures and have not been described again in the case of Figure
7.

Instead of the diodes 133, 138 of Figure 6, in Figure 7, pnp-
transistors 155, 156 (or equivalents that can be designed as an
IC) are provided. The emitter of the transistor 155 is
connected to the terminal 128, its collector is connected to
the terminal 108 and its base is connected to the terminal 134.
Similarly, the emitter of the transistor 156 is connected to



resistor 160 of, e.g. 0.1 - 3 Ohns to the negative | ead 45. The base of the
transistor 72 is connected to the termnal 137 of the unit 100, and the
base of the transistor 73 is connected to the term nal 128. The capacitance
87, .typically of 0.1 - 2 nF, which in many cases can be dispensed with
conmpfetely, is in this case located directly between the termnals 128 and
137, while in Figure 6, the two capacitances 148 and 149 are | ocated,
connected in series, between these two té&0ri nals. Consequently, the

capaci tance 87 can be snaller than the capacitances 148 and 149. The
terminal 105 of the unit 100 is connected via the diode 107 to the positive
|l ead. 44, and its termnal 108 is connected to the negative lead 45. As in

t he ‘tase ofthie gtexminal he3pyndtisoncd¥lectort hésr etiicdtel 2tanghehadtiinal

esiStOr 4B UMPSET g oI CBohTaSONCEL Slnb OchlRRE 133, IHRoraeoth,

The net hod ™0 on accordi hg T gure to tha
Fi gure 4. Nhen jthe heopstanbushiyrenhdasoureest A29siagidorl ¥R arebkdepted tfor

vol tage of fetl%tti%qy Sni gﬁu%z\@{ag r aghdl yc&y rdfe d!a.nveﬁﬁt r@&%&féﬁe&Z%

(Figure 6). hi's Chan in volta is transtferred via the capacltance
to the bas@e@m oE & %ktsargnaiz at Foepitegmimal gidokd&is qunrant, bemgAn
~essential | )smwdarﬁrmruwtod&mté |26 and 152 evasthebeCtiranslistorecasb3b

(or alternatlv I 136 t 0_t he capacitan 37 dr es
the Tat ter And 356 el Boo'er ot Wne adlal? noert AR il B, Eare G0 TS
cohdﬁctivem@bmerI @h&e&yspmmdlobommmmd lsigniad .case of commutation in the
reverse direction, this process obtains in reverse, as can be clearly

deduced fromthe symetry of the arrangenent. Figure 10 shows the use of _a
unit 100 f &iloaxe oPeShOWsn af metor with a bridge circuit, of identical

design to the bridge circuit 40’ according to Figure 4, and so
the same reference numerals have again been used. The
freewheeling diodes 70’ to 73’ are not shown in Figure 9.

In Figure 9, the emitters of the bridge transistors 72 and 73
are connected together and are connected via a low resistance
resistor 160 of, e.g. 0.1 - 3 Ohms to the negative. lead 45.
The base of the transistor 72 is connected to the terminal 137
of the unit 100, and the base of the transistor 73 is connected
to the terminal 128. The capacitance 87, typically of 0.1 - 2
nF, which in many cases can be dispensed with completely, is in
this case located directly between the terminals 128 and 137,
while in Figure 6, the two capacitances 148 and 149 are
located, connected in series, between these two terminals.
Consequently, the capacitance 87 can be smaller than the
capacitances 148 and 149. The terminal 105 of the unit 100 is
connected via the diode 107 to the positive lead 44, and its
terminal 108 is connected to the negative lead 45. As in the
case of Figure 6, the junction 141 of the resistor 142 and the
PTC resistor 143 connected in series is connected to the
terminal 135.



si ngl e- phase, single-pulse notor 162 with one single phase 163 and a rotor
164. Motors of this kind are described, e.g. in DE-A-22 60 069. 1In this
case, only one half of the unit is used, and the output 128 that is not
used_i.s thus connected via a resistor (not shown) to the negative | ead 45.
Its #dutput 137 is connected to the base of an npn-Darlington transistor
165, its collector is connected via the phase 163 to the positive |ead 44
and its emitter is connected via a | ow redlstance resistor 166 to the
negative | ead 45 and via a shunting resistor 167 to the base. The unit
100 is disposed in the magnetic field of the rotor 164 and is controlled by
thelatter. A high resistance potentioneter 168 is |ocated between the
pos?blve | extle 4fiethdd! o€ ramatation eatbctding stPi Pkgiipe 169 ikei tentical to

| ect |1 h | h it 1 bgi .
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short space of time. In the case of commutation in the reverse
direction, this process obtains in reverse, as can be clearly
deduced from the symmetry of the arrangement.

Figure 10 shows the use of a unit 100 for the operation of a
single-phase, single-~pulse motor 162 with one single phase 163
and a rotor 164. Motors of this kind are described, e.g. in
DE-A-22 60 069. In this case, only one half of the unit is
used, and the output 128 that is not used is thus$eanpggted via
a resistor (not shown) to the negative lead 45. Its:.output 137
is connected to the base of an npn-Darlington transistor 165,
its collector is connected via the phase 163 to the positive
lead 44 and its emitter is connected via a low resistance
resistor 166 to the negative lead 45 and via a shunting
‘resistor 167 to the base. The unit 100 is disposed in the
magnetic field of the rotor 164 and is controlled by the
latter. A high resistance potentiometer 168 is located between
the positive lead 44 and the negative lead 45, its pick-up 169
being electrically connected to the terminal 134 of the unit
100 and being mechanically actuated by bellows 170, evacuated
in the usual manner. If the ambient pressuré increases, the
pick-up 169 is pushed upwards and the rotational speed of the



nmotor, the unit 100 receives no power and so cannot be destroyed. Figure 11
shows a variant non-symmetrical design of the integrated conmutation unit,
here indicated by 100". The operation is the sane as that of the units
100 (Figure 6) and 100" (Figure 7). The construction is also substantially
the ¥anme. The voltage regulator 110 with its output 111 of, e.g. 3 - 5V,
the Hall elenment 112 with its outputs [err] 115, the conparator 114 and
the first driver stage (constant current 3%urce 129 with a current of, e.g.
1 - 5 m and the npn-driver transistor 126) are identical to the | eft hand
portion of the circuit of the unit 100 according to Figure 6. The di ode 133
of the current control elenent is also connected to the output 128 in an

i den¥i cal rmober. 162Thncrea$esprsdlﬁhat pe eff ermbi-g hfre;sasuppliée if this

precedi ng epdogi S th itive fqedb i.t
117, e.g. in the ratlo % gaﬁ(?q{l %ﬁmtl IIi1(};5esés':§:m qu:rlfg EF{’
resistors 1dateet g2differeptiad Brgggury, or tms(gﬂamt(pﬁ\nn incpease

(constant cikrenk @1mmﬂ§§t§0rth8 Gothtiond™ #Péed NBfNAhd " 2AA! T be
127) also cprre ﬁgnds to Fi 6, as does the current shunting di ode 138.

The ext er natN¢ESAFFAI LY o Lﬂﬁtalbﬁgr8F§t5Féo i TaPEQt 8Fepyraie Regglble
nuner al s asappbicetioddlinfthigutenbecoionhe unit 100" of Figure 7, as the
behavi our of these units (electrical characteristics, signals, operating
vol tages, etc.) is essentially the same. In the enbodi ment according to
Fi gwre 11, Thewewmethodnofomperieddenviafh the RE®ovesiatonf 1Plgine the supply

second CONPAS&OTi & 2@neANs Afiedi £8CRSATE Wddk EPHnbaP! £ ChdWe 2 RIBSEL with

reference to Figure 5, i.e. when the rotor is blocked, the
resistéf 101 reaches a high value, thereby reducing the motor
current to a low value. Reverse polarity is brovided for by
the diode 107, i.e. in the event of reverse polarity of the
motor, the unit 100 receives no power and so cannot be
destroyed. |

Figure 11 shows a variant non-symmetrical design of the
integrated commutation unit, here indicated by 100"™. The
operation is the same as that of the units 100 (Figure 6) and
100’ (Figure 7). The construction is also substantially the
same. The voltage requlator 110 with its output 111 of, e.g. 3
- 5 V, the Hall element 112 with its outputs-nﬁ%hylls the
comparator 114 and the flrst driver stage (constant enrrent
source 129 with a current of, e.g. 1 - 5 mA and the npn-drliEr
transistor 126) are identical to the left hand portion of the
circuit of the unit 100 according to Figure 6. The diode 133
of the current control element is also connected to the output
128 in an identical manner. The resistor 116 is preferably
here, as 1in -the preceding embodiments, much smaller than the
positive feedback resistor 117, e.g. in the ratio 100:1 - 10:1.
(This applies similarly to the resistors 121 and 122 in Figures
6 and 7).



I nversion stage 175, illustrated in this case as an operational anplifier,
connected for the voltage supply to the controlled voltage 111 and to the
terminal 108. |Its negative input is connected via a resistor 176 to the
junction 118, i.e. the output of the conparator 114, and it is connected
via & resistor 177 to its output 178. The resistors 176 and 177 are
preferably of approximately identical size in order to obtain an
anplification factor of approximately 1. 3The output 178 is connected to

t he base of the driver transistor 127 and controls the latter. The

I nversion stage 175 thus provides for phase inversion of the essentially
square wave signal [err] (junction 118), indicated by 180 in Figure 11.
Accoydi ng tThéi gthier 1dribyrt Btagaeabsnseahtotupitant slehant ans adv® nedyat

th tputs 12 , | 1 28 d 137 t.h '
100 of Fi ot e e Mo o indhbedisioVer {20 1S Atrdttoits 5 ffeing
has a non- s§mmés | daescorze r wsirinemt | sbunpéngt idiode (I8 saneThe téxttexrial
the circui ty A0 REGOT YeNoehe RirlW elgoor W ai%_%orﬂ‘l&'%f%’@e& HY Cthhe

i
versi on used depends on vari ous 34 criteria, inter a, which circuit

can be i nt SYRRERLSDAE e | Wit OfoBlEEERn6iral OB d ARGt Meitef 1098 of
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signals are_delivere . Lhe .| _el.enen ich _are then progessed ,
heo drt el R eFERI S, WRAPRRIT y (oReratdng mihases, | RES | is
el agent 11Zessentikelliwedhe osmmai ngl e signal, which is sonetines used
directly and sonetines after phase inversion. If tw different signals are

used and are fed to two different conparators 114 and 120, as shown in |
Figure 6 orlly, thfsembodiment. according to Figure 11, however, in

comparison with the embodiment of Figure 6',_ the. second
comparator 120 can be dispensed with and replaced by a phase
inversion stage 175, illustrated in this case as an operational
amplifier, connected for the voltage supply to the controlled
voltage 111 and to the terminal 108. Its negative input is
connected via a resistor 176 to the junction 118, i.e. the
output of the comparator 114, and it is connected via.a
resistor 177 to its output 178. '

The resistors 176 and 177 are preferably of approximately
identical size in order to obtain an amplification factor of
approximately 1. The output 178 is connected to the base of
the driver transistor 127 and controls the latter. The
inversion stage 175 thus provides for phase inversion of the
essentially square wave signal u;,, (junction 118), indicated
by 180 in Figure 11. According to Figure 11, by this means,
out of phase signals are obtained at the outputs 128 and 137,
and also at the outputs 128 and 137 of the unit 100 of Figure
6. Thus, although the circuit of the unit 100" of Figure 11
has a non-symmetrical construction, its opei*ation is the same
as that of the circuit 100 according to Figure 6 or 100’
according to Figure 7. The version used depends on various



conparators can be adjusted in such a way that the output signals are
spaced at a snmall tine interval -fromone another, or are directly adjacent
to one another or overlap one another. The first possibility (tinme
interval) is of course the preferred solution for nmany notor designs, as it
i mpreves efficiency. This applies particularly in the case of [err]

notors. Figure 6 shows an exanple of this variation. To this end, the
positive input of the conparator 114 is c®#nected via a high resistance
resistor 185 to the controlled positive output 111 of the vol tage regul ator
110, and the positive input of the conparator 120 is |ikew se connected
via.a high resistance resistor 186 to the output 111. E.g. in Figure 6, the
resistor lldriserpay; oximedrel nliQ,- WidicHh i edrcudtgecahhase t iateggiatiod mdbe
and the reségé?% 185 is approximately 200 tinmes |arger than the resistor
116. The sane ¥hg applies to the other side of the circuit by virtue of
the symetry. Therefore, the conparator 114 does not commutate until the

Hal | out putydgeversoBRe B RMEeA! | afvdittdyed st dthe REGRISAY dbdd¥ing heo
35 resistor_185. Conver sel.y, he conmparator 120 does not conyutate

t
until the HBIPUBSEpQt aB437pdodatdme t53%e tHig dbtferent netagnals are
W t hout thedekbvetred bYO.tHéeHadqUiekRmdritel1l Rl ertdlchbeaneethdie protesseat

t he out puts, 128 137. LS us,obtained _in_a_ver, Lnpl e manner... . The
sane of fect 1060 BF7eonfok sk O8I a1 BRRL, a5 Pakoih S A ¥ Figwterts
vol\tdge at the Bahbrelempntafd2 onjyt ded ivers: onep@idigle rmigral, Wwhieh oie,
whi | st havi éﬁiﬁééh‘i&@bydﬂ&&fy‘??ﬁ&t%aﬁ t esthtéfvgﬂééQ”iH{rQi%ﬁéﬁ.
excellent efficiency and operationhal relrability, and, by virtue of the
smal | nunber of conponents,

If two different signals are used and are fed to two different

comparators 114 and 120, as shown in Figure 6 or 7, these
comparators can be adjusted in such a way that the output
signals are spaced at a small time interval from one'another,
or are directly adjacent to one another or overlap one another.
The first possibility (time interval) is of course the
preferred solution for many motor designs, as it improves-
efficiency. This applies particularly in the case offthg

motors.

Figure 6 shows an example of this variation. To this end, the
positive input of the comparator 114 is connected via a high
resistance resistor 185 to the controlled positive output 111
of the voltage regulator 110, and the positive input of the
comparator 120 is likewise connected via a high resistance
resistor 186 to the output 111. E.g. in Figure 6, the resistor
117 is approximately 10 - 100 times larger than the resistor
116 and the resistor 185 is approximately 200 times larger than
the resistor 116. The same thing applies to the other side of
the circuit by virtue of the symmetry. Therefore, the
comparator 114 does not commutate until the Hall output 115
becomes more negative than would be necessary without the



is particularly suitable for use with fans of the apparatus fan type,

frequently having an overall length of only approximtely 38 mm so that
only mnimum space is available for the circuit conponents. The invention
can .al so be used for what are known as half bridge circuits. 36 CLAI M5

Brughl ess direct current motor, with a stator winding which has at |east
one phase (25), with a pernanent magnet rotor (11), with a rotor-position
sensi ng arrangenment (32; 100; 100'; 100"$3 and with a sem conductor
arrangenment (40; 40'; 102, 104; 165) serving for the control of the current
in the stator wi nding, said sem conductor arrangenent having at |east two
switching elements (72, 73; 102, 104) which, in dependence upon the
pﬁsi::'ti_(()n ;)fetstlstraﬁ gu,ssa.re coohvedissly ) dhler domparatorhei1ad | @ees omet
phase (25 u r osi r Pt

(32 bei nocoindEacd GAES RRE Raly Bulpdttdad Bheche MY HLSSEIVE thn,
driver staWewl@dshe aecesaar94w1tneut12n¢ rassstbatéaswntﬁheheequﬁred|hgme

el ements ({Rrelval 18étweéfl) théhéiéﬁéfé'éédthé Bﬁﬁﬁuigelﬂé'aﬁ‘& $5998s eRa8

have an el ectronic sem conductor Swtch which in 1ts conducting state
essent i al | JPEAIREA it Rt Yame FAPRLCOMANNETysso TR c§3URI t%‘f‘ﬁﬂﬁtel%ni’f

(72, 73; leaur§64:)1§6dbé hsénbevbdiOByScbherbmmq thbatefbeeficéVeo18hggcat
are furthe% assgﬁlate with resg tv§ sour.ces %59h 63; 88. 90, 95; 129,
135) of subBPaRESF| FORBRELERF LOPPENED Pr SPEFSEPYNGINYHERBPEE! of a few
m\__/i anps, from which an actuating current flows to the associated

swi t ching @h&f@ﬁ&r&72thfst1Hgv1ﬁ84hﬂmaﬁiféﬁ%fy‘gﬁﬁﬁﬁg(béﬁgifﬂﬁf&ﬁﬁorthe

switch of t
invention provides excellent efficiency and opérational

reliability, and, by virtue of the small number of components,
is particularly suitable for use with fans of the apparatus fan
type, frequently having an overall length of only approximately
38 mm, so that only minimum space is available for the circuit
components. The invention can also be used for what are known
as half bridge circuits.



respective driver stage i s non-conducting, and that a capacitance (64, 66;
87; 148, 149) is connected to the output (J1, J2; 128, one
driver stage (54, 58; 54, 94; 126, 127) in order to delmiml l"m" llﬂmn
the associated switching elenent (72, 73; 102, 10 *
accbwdlng to claim1, characterised in that a connDn capaC|tance (87) IS
provided for two driver stages (54, 94), the capacitance bei ng connected
bet ween the outputs (J1, J2) of these t w@edr i ver stages (54, 94) in order
to delay the actuation of the switching element (72, 73) about to be
actuated and associated with one of these driver stages (54, 94) (Figures 4
and 35). 3. Mdtor according to claim1 or 2, characterised in that the
volbage i ncrease at the output of at | eagizMsne driver stage (126, 127) is
adapted to be imted by an additional signal (at the input 134). 4. Mdtor
according to claim3, characterised in that, for the production of the
additional signal, a tenperature- dependent sensor (143; 144') is provided

in order tq_ copahible aqtr@rctto %Erameqlo%rt hgvllmt 9" kR edePGARAIH  WRA%h

the tenperature (Féﬁgres , 9). tor accdr to one or nore
preceding cl ai R8s Aﬁﬁﬁ?l%ﬂﬁiﬁhﬁ%#ﬁ&zﬁhe %%th%uagr3$3ﬂeht§aséﬁtumgﬂqm

ener gi zi ng the (ah)l, easttong @baa.e 88it@bf fs@h@&ehga%ztﬁaﬁg%nféﬁ d@ZkC@.@o.
(102, 104) mﬁtH hgh % L ent WE i cation. tor accordin | ai

char actor | sed A0 Rad 00RAt AHRS Ve S1BFRICORAYTRORS BLESDORIGHE SA0F ohBE Ty
| ow_r esi st ancelem,t t16x4 ;r e565) aserviig3 fotrtBHhe ovortrohgotfhethe ocurrent in
the stator winding, said semiconductor arrangement having
at least two switching elements (72, 73; 102, 104) which,
in dependence upon the position of the rotor, are
commutated in order to power the at least one phase (25) in
dependence upon the rotor position, a current interruption
(32) being produced between each twa successive current
impulses, and with driver stages (54, 58; 54, '-,94; 126,
127), associated with the switching elements (72, 73; 102,
104), characterised in that the driver stages each have an
electronic semiconductor switch which in its conducting
state essentially short-circuits the input of the
associated switching element (72, 73; 102, 104) and thereby
blocks the latter, that the driver stages are further
associated with respective sources (59, 63; 88, 90, 95;

()

129, 135) of substantially constant current, preferably of
the order of a few milliamps, from which an actuating
current flows to the associated switching element (72, 73:;
102, 104) when the electronic semiconductor switch of the

' respective driver stage is non-conducting, and that a
capacitance (64, 66; 87; 148, 149) is connected to the
output (J1, J2; 128, 137) of at least one driver stage (54,
58; 54, 94; 126, 127) in order to delay the actuation of
the associated switching element (72, 73; 102, 104).
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an apparatus fan of axia
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( ort construction. |,
delay the actuation of the switching element (72, 73) about

to be actuated and associated with one of these driver
stages (54, 94) (Figures 4 and 5).

Motor according to claim 1 or 2, characterised in that the
voltage increase at the output of at least one driver stage
(126, 127) is adapted to be limited by an additional signal
(at the input 134).

Motor according to claim 3, characterised in that, for the
production . of the additional signal, a temperature-
dependent sensor (143; 1447) is provided in order to
control the rotational speed of the motor in dependence
upon the temperature (Figures 6, 9).

Motor according to one or more of the preceding clainms,
characterised in that the switching elements serving for
energizing the at least one phase (25) are formed as
transistor devices (102, 104) with high current
amplification.

Motor according to claim 5, characterised in that the
transistor devices comprise a common, preferably low
resistance emitter resistance (103, 160) connecting them to
a current supply lead (45).

Motor according to one or more of the preceding claims, in
which the rotor-position sensing arrangement comprises a
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Hall effect sensor (112), characterised in that the Hall
effect sensor (112) and the driver stages (126, 127) are
connected together in an integrated circuit.

Motor according to one or more of the preceding clains,
characterised in that the rotor-position sensing
arrangement comprises a Hall-IC (112) which 1is
controllable by the magnetic field of the rotor magnet (13)
and which produces a square wave signal (sq) aﬁ%@ts output
(55) on passage of a magnetic pole of the rgﬁg@vu

Motor according to one or more of the preceding claimy;
characterised in that two transistors (72, 73) of a full
bridge circuit (40’) are connected to the outputs (J1, jﬁ%
of the driver stages, and that the two other transistors
(70, 71) of this full bridge circuit (40’) are controllable
by the outputs of said first-mentioned transistors (72,
73).

Use of a motor according to one or more of the preceding
claims for driving a fan (17), particularly an apparatus
fan of axially short construction.



