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ly simple means which are particularly suitable for miniaturization. The
invention relates to a switch mode power       In a further advantageous
embodiment, the cir- supply according to the preamble of claim 1.
cult means comprise a second signal source depend- Such a switch mode power
supply Is known from    5   ing upon lamp voltage for controling the
multivibrator. GB-2,102,641. The switching signal is produced in  This
makes it possible that the supply of current to the the control circuit by
a separate oscillator. In order to  lamp cannot only be limited because of
current detec- obtain a supply of current to the lamp as constant as  tion,
but can also be controlled in dependence upon possible, the known switch
mode power supply is pro-  the lamp voltage. This has the advantage that by
vided with circuit means for detection of the current  10   means of the
switch mode power supply the power through the switching means. The circuit
means en-  supplied to the lamp can be controlled. sure that the current
through the switching means is  An embodiment of a switch mode power supply
limited to a maximum by interrupting the production  according to the
invention will be described with ref- of the switching signal as soon as
the maximum cur-  erence to a drawing. In the drawing: rent is detected. As
a result, the switching means pass  15  Fig. 1 shows a principle circuit
diagram of the to the non-conducting state.                          switch
mode power supply; A disadvantage of the known switch mode power      Fig.
2 shows partly in detail a part of the circuit supply is that both current
detection means and a sep-         diagram of Fig. 1 for producing the
switching-on arate oscillatorare required. Thus, the construction of
signal; the switch mode power supply becomes fairly com-  20  Fig. 3 shows
partly in detail a part of the circuit plex. The invention has for its
object Inter alla to pro-  diagram of Fig. 1 for producing a switching-off
vide a comparatively simple construction for a switch  signal; mode power
supply whilst maintaining the limitability  Fig. 4 shows In detail a
control circuit as shown of current supply to the lamp.
in Fig. 1; and For this purpose, according to the invention, a   25  Fig. 5
shows a current-voltage characteristic as switch mode power supply
comprises the features       obtained bytheswitch mode powersupplyshown
mentioned in claim 1.                                 in Fig. 1. An
advantage of the switch mode power supply       In Fig. 1, reference symbol
A denotes a connec- according to the invention is that the use of a
separate  tion terminal for an input voltage. By means of switch-
oscillator is no longer necessary. Detection of current  30  ing means 1,
Induction means 2, capacitive buffer through the induction means instead of
through the  means 3 and rectifying means 4 a current for a lamp switching
means further has the advantage that the  5 is produced from the input
voltage. The lamp 5 can limitation of the current supply is not solely
restrained  be directly connected to the output terminal B. It Is to
limitation to a maximum.                        also possible for the lamp
to be Included in a commu- In the switch mode power supply according to the
35  tation network connected to the output terminal B. invention, the
circuit means comprise a first winding  The current is. produced by
switching the switching part of the inductive means as a source for
producing  means 1 alternately to the conducting state and to the the
switching-on signal, and the circuit means com-  nonconducting state. The
switching means 1 are prise a second winding part of the Induction means as
switched by a switching signal, which is supplied by a first signal source
for producing the switching-off  40   a control circuit I. Circuit means 20
for current detec- signal. In avery simple and effective manner, the pro-
tion by the induction means 2 serve at the same time duction of the
switching signal is coupled to current  for producing the switching signal.
The example con- detection in the induction means. In a further im-
sidered is a switch mode power supply of the down provement of the switch
mode power supply accord-  converter type. In the conducting state of the
switch- ing to the invention, the circuit means also comprise  45  Ing
means 1, these means constitute together with capacitive means, which
constitute with the induction  the induction means 2 and the capacitive
buffer means an oscillatory circuit for driving the source for  means 3 a
main current circuit. In the non-conducting producing the switching-on
signal. This permits of ob-  state of the switching means 1, the main
current cir- taining a highly reproducible detection In a simple  cuit is
constituted by the rectifying means 4, the in- manner. Especially the
transition from current de-  50  duction means 2 and the capacitive buffer
means 3. creasetocurrentincrease is a suitable criterion forde-  In Fig. 2,
a part of the circuit means is indicated tection.
relating to the production of the switching-on signal. Preferably, the
control circuit of the switch mode  Afirst winding part 21 in the form of
an auxiliary wind- power supply according to the invention comprises a  ing
of the induction means 2 in the form of a choke coil bistable multivibrator
controlled by means of the first  55  constitutes both the current
detection means and the signal source and serving to produce the switching-
source for producing the input signal. Thevoltage pro- off signal. This has
inter alla the advantage that the  duced in the auxiliary winding 21 Is
supplied to the switching-off signal can be produced by comparative-
switching means 1 via a coupling capacitor 100 and 2   



3                  EP0401 931 B1                  4 an impedance 101 of the
control circuit. Reference  with the capacitor240. Further, the transistor
260 pre- numeral 30 denotes the part of the control circuit  vents the
capacitor240 from being discharged via the which relates on the one hand to
the supply of the  voltage division network 26. The voltage division net-
switching-off signal and on the other hand to means  work provides a
voltage at the capacitor 240, which for maintaining a switching condition
of the switching   5   is related to the voltage of the output terminal B.
In the means.                                            embodiment
considered, the voltage division network The circuit means further comprise
capacitive  26 comprises a first branch provided with a Zener di- means
represented as a capacitor 22, which consti-  ode 261 and a second branch
provided with Zener di- tute with the choke coil 2 an oscillatory circuit
for driv-  odes 262 and 263. Due to different breakdown vol- ing the
auxiliary winding 21 acting as a source.  10  tage adjustments for the
first and second branches of When the switching means 1 have been switched
the voltage division network 26, it is achieved thatthe to the
non-conducting state, a current decreasing in  network acts as a signal
source dependent upon the value will permanently flow through the choke
coil 2  lamp voltage. Via the capacitor 240, the multivibrator via the
rectifying means 4 in the form of a diode. From  25 Is then controlled. the
instant at which the current through the choke coil  15  The embodiment
considered of the switch mode 2 has become zero, further conduction via the
diode  power supply is constructed so that in the conducting 4 is
impossible. However, via the capacitor 22 at the  state of the switching
means 1 the transistor 28 Is same time a current conduction path is formed
so that  conducting. The current flowing through the choke an oscillatory
circuit comprising the choke coil 2 and  coil 2 induces a voltage in the
auxiliary winding 23 the capacitor 22 is obtained. As soon as the current
20  and the capacitor 240 is charged thereby via the cur- through the choke
coil 2 increases again due to oscil-  rent source 24. The voltage at the
base 27b of the lation of the oscillatory circuit, a positive voltage is
In-  transistor 27 then occurring provides an Increasing duced in the
auxiliary winding 21. This voltage sup-  current through the transistor 27
and hence an in- plies via the coupling capacitor 100 and the resistor
creasing voltage of the emitter 27e and so of the emit- 101 the
switching-on signal to the switching means 1.  25  ter 28e. As soon as the
voltage at the emitter 28e be- Thus, the auxiliary winding 21 forms the
source for  comes equal to the voltage at the base 28b, the tran- producing
the switching-on signal.               sistor 28 is switched to the
non-conducting state and The part of the circuit means 20 for producing the
the multivibrator is triggered. Thus, the switching-off switching-off
signal Is shown more fully in Fig. 3. A  signal is formed. When the
transistor 28 is switched second winding part in the form of an auxiliary
wind-  30  to the non-conducting state, the value of the current ing 23 of
the choke coil 2 forms part of a current  through the coil Is limited to a
maximum. The height source 24, by which a capacitor 240 is charged. The  of
the maximum is also determined by a voltage orig- capacitor 240 is
connected to a base 27b of a bipolar  inating from the voltage division
circuit 26. For the transistor 27, which forms part of a bistable multivi-
period in which the switching means 1 are in the non- brator 25. By
increasing the number of different  35  conducting state, the capacitor 240
will be discharged breakdown voltage adjustments in the voltage divi-  via
a diode 40 through the coil 2 until the voltage sion network 26, the lamp
voltage dependence upon  across the capacitor 240 Is equal to the voltage
orig- the signal produced in the voltage division network 26  inating from
the voltage division circuit 26. The con- can be subdivided. In the
embodiment shown, this is  trol circuit I is designed so that when the
switching- achieved in an efficient manner in that for a further  40  on
signal is supplied, the multivibrator is also trig- breakdown voltage
adjustment the Zener diode 29 al-  gered and the transistor 28 again
becomes conduct- ready present Is used. For this purpose, the voltage  ing.
division network 26 is connected via a diode 264 to  In the embodiment
considered, the control circuit the Zener diode 29.
is constructed in the manner shown in Fig. 4. Of the The multivibrator 25
comprises a current source  45  switching means 1 ,which are constructed as
a FET, constituted by a transistor 28, of which a collector 28c  a control
electrode 15 is connected through a transis- Is connected to the control
circuit I. An emitter 28e of  tor 35 to a main electrode 1d. The control
electrode the transistor 28, coupled to an emitter 27e of the  15 is also
connected through the Impedance 102 and transistor 27, is connected to
earth via a common re-  the capacitor 100 to the connection point E, at
which sistor 32. The transistor 27 is supplied by an auxiliary  50  the
switching-on signal produced by the circuit means voltage +V. A base 28b of
the transistor 28 is also con-  20 described appears. A base 35b of the
transistor 35 nected to the auxiliary voltage +V and is also connect-  is
connected to a tapping point on a voltage division ed via a Zener diode 29
to earth. The emitter28e and  circuit 36, 37, which is connected on the one
hand to the base 28b are Interconnected through a diode 31.  the capacitor
100 and on the other hand to the con- The capacitor 240 Is also connected
to a voltage  55  nection point D. At the connection point D the switch-
division network 26, which is connected to the output  ing-off signal
produced in the circuit means 20 ap- terminal B. The voltage division
network 260 is pro-  pears. The circuit parts 35, 36 and 37 constitute the
vided with a transistor 35 as impedance adaptation  essential parts of the
part 30 of the control circuit re- 3  



lating on the one hand to the supply of the switching-  working-pointof
this lamp lies at 60 V,3.3A. The lamp off signal and on the other hand to
means for main-  is included in a commutation network. taining a switching
condition of the switching means  The induction means 2 are constructed as
a 1. This will be explained more fully hereinafter.  choke coil consisting
of a coiled coil winding having The positive voltage appearing as
switching-on   5   33 and 34 turns, respectively, an auxiliary winding
signal at the connection point E and produced in the  comprising 8 turns as
a first winding part 21 and an circuit means is supplied via the capacitor
100 and the  auxiliary winding comprising 17 turns as a second resistor 101
to the control electrode 15, as a result of  winding part 23. which the FET
1 passes to the conducting state. This  The Zener diode 261 of the first
branch of the vol- positive voltage also ensures that the transistor 28 of
10  tage division network 26 has a Zener voltage of 27 V the multivibrator
25 becomes conducting via the vol-  (type BZX 84). The Zener diodes 262 and
263 of the tage division circuit 36, 37 and the connection point  second
branch have in all a Zener voltage of 106 V D. The multivibrator is then
triggered.           (both of the type BZX 84). The Zener diode 29 has a
Due to the fact that the transistor 28 becomes  Zener voltage of 6.2 V,
while the auxiliary voltage +V conducting, the voltage at the base 35b of
the tran-  15  amounts to 12 V. The transistor28 of the bistable mul-
sistor 35 increases and the transistor 25 becomes  tivibrator 25 is of the
type BF 622 and is suitable for non-conducting. As long as the transistor
28 of the  a collector-emitter voltage of 200 V. multivibrator 25 is
conducting, the transistor 35 re-  With the practical construction of the
embodi- mains in the non-conducting state and hence the FET  ment
considered of the switch mode power supply, a 1 remains in the conducting
state.           20  current-voltage characteristic asshown in Fig. 5 is
ob- As soon as the multivibrator 25 is triggered and  tained. The current
supplied to the lamp is plotted on the transistor 28 is switched to the
non-conducting  the abscissa and the voltage at the output terminal B
state, the voltage at the base 35b of the transistor 35  is plotted on the
ordinate. The voltage at the output increases. The transistor 35 thus
becomes conduct-  terminal B is limited to 120 V (point K in Fig. 5). With
ing and thus shortcircuits the control electrode 15  25  an increasing
current, the line part K-L is followed. A and the main electrode 1d. Due to
the shortcircuit be-  voltage of 115 V and a current of 1.5 A correspond to
tween the control electrode 15 and the main elec-  the point L. The line
part L-M and the line part M-N to- trode 1d, the FET 1 is switched to the
non-conducting  getherform the part of the characteristic In which the
state. Thus, the transistor 35 supplies the switching-  power supplied to
the lamp is regulated by means of off signal appearing at the connection
terminal D to  30  the signal produced in the voltage division network the
switching means 1.                            26, the subdivision in the
two line parts being ob- Till the instant at which the switching-on signal
tained by the breakdown voltage of the Zener diode appears at the
connection point E, the transistor 35  29. The point M corresponds to a
voltage of 60 V and remains conducting and hence the FET 1 remains in  to a
current of 3.3 A, while the point N corresponds to the non-conducting
state.                    35  a voltage of 26 V and to a current of 6.8 A.
A current In this configuration of the control circuit, it is ach-  of 6.8
A constitutes at the same time the maximum loved in a particularly simple
and effective manner  value of the current supplied to the lamp by the that
the switching signal produced in the circuit means  switching supply. 20 is
supplied to the switching means 1, while at the  For the ignition of the
lamp a current will not yet same time the switching condition of the
switching  40  be supplied. In the characteristic, this corresponds to
means 1 In the period between the switching-on sig-  the point K as the
working-point of the switching sup- nal and the switching-off signal and
between the  ply. During the ignition, which takes place by means
switching-off signal and the switching-on signal, re-  of a starter not
shown, Initially a small current will be spectively, can be maintained with
certainty. The  supplied. In the characteristic, this is indicated by the
transistor 35 thus belongs to means of maintenance  45  line part K-L. The
commutation circuit in which the in the form of a switching shortcircuit
means having a  lamp is included then operates in a starting mode. As very
simple and reliable construction, which is a fur-  soon as breakdown occurs
in the lamp due to starting ther advantage of the configuration described
of the  pulses produced by means of the starter, the commu- control
circuit. As protection for the switching means  tation circuit passes to
the operating mode. Due to the 1, an overvoltage protection may form part
of the  50  breakdown, the voltage across the lamp becomes maintenance
means, for example in the form of a Zen-  very low. In the characteristic,
the working-point of er diode (not shown) parallel to the transistor 35.
the switch mode power supply Is then displaced In a practical embodiment of
the example consid-  abruptly from the line part K-L to the line part N-O.
ered, the switching means 1 are constructed as a  Subsequently, the voltage
across the lamp slowly in- FET. The switch mode power supply is suitable
for an  55  creases until the stable operating condition is input voltage
of 150 to 190 V and Is intended for igni-  reached. In the characteristic
shown, the working- tion and operation of a high-pressure metal halide
point is displaced from the line part N-O via the line lamp having a
nominal power of 200 W. The stable  part N-M to the point M, which
corresponds to the ate- 4  



7                   EP 0401931 B1                  8 ble working-point of
the lamp in operation. In the case  upon the lamp voltage for controlling
the multvi- in which the voltage across the lamp associated with  brator
(25). the stable working-point of the lamp is higher than 50 V, the
working-point of the switch mode power supply will be displaced in the
characteristic shown over the   5   PatentansprOche line part M-L. The lamp
thus operated with the switch mode     1. Schaltende Speisung, geeignet zum
Zunden und power supply described has at constant power a lu-    Betreiben
elner Hochdruckentladungslampe (5) minous flux of substantially
constantvalue and is thus  mit suitable inter alia for use as a light
source for projec-  tO  - Schaltmitteln (1), Induktionsmitteln (2), ka-
tion purposes.                                             pazitiven
Puffermitteln (3) und Gleichrich- termitteln (4) zum aus einer
Eingangsspan- nung Erzeugen eines Stromes fOr die Lam- Claims
pe, indem die Schaltmittel wechselweise in 15          den leitenden und
den gesperrten Zustand 1. A switch mode power supply suitable for ignition
schalten, und and operation of a high-pressure discharge lamp       - einer
Steuerschaltung (I) zum Liefern eines (5) comprising
Schaltsignals mit einem  Einschaltsignal - switching means (1), induction
means (2),          zum Schalten der Schaltmittel in den leiten- capacitive
buffer means (3) and rectifying   20    den Zustand und mit einem means (4)
for producing from an input vol-          Ausschaltsignal zum Schalten der
Schalt- tage a current for the lamp by switching the  mittel In den
gesperrten Zustand, wobel die switching means alternately to the conduct-
schaltende Spelsung Schaltungsmittel (20) auf- ing state and the
non-conducting state, and   weist zur Stromdetektion durch die Induktions-
- a control circuit (I) for supplying a switching   25  mittel, wobei diese
Schaltungsmittel glelchzeitig signal comprising a switching-onsignal for
zum Erzeugen des Schaltsignals dienen, da- switching the switching means to
the con-     durch gekennzeichnet, dal ein erster Wicklungs- ducting state
and a switching-off signal for  tell (21) der Induktlionsmittel (2) einen
Teil der switching the switching means to the non-     Schaltungsmittel
(20) bildet als Quelle zum Er- conducting state,                     30
zeugen des Einschaltsignals, und daB ein zweiter the switch mode power
supply comprising circuit    Wicklungstell (23) der Induktlonsmittel (2)
einen means (20) for current detection through the in-   Teil der
Schaitungsmittel (20) bildet als erste Si- duction means, which circuit
means serve at the    gnalquelle zum Erzeugen des Ausschaltsignals. same
time for producing the switching signal, characterized in that a first
winding part (21) of  35  2. Schaltende Speisung nach Anspruch 1, dadurch
the induction means (2) forms part of the circuit  gekennzeichnet, dal die
Schaltungsmittel eben- means (20) as a source for producing the switch-
falls kapazitive Mittel (22) aufweisen, die zusam- ing-on signal, and In
that a second winding part   men mit den Induktionsmitteln (2) eine
Oszillator- (23) of the induction means (2) forms part of the  schaltung
bilden zum Betreiben der Quelle zum circuit means (20) as a first signal
source for pro-  4o  Erzeugen des Elnschaltsignals. ducing the
switching-off signal. 3. Schaltende Spelsung nach Anspruch 1 oder 2, 2. A
switch mode power supply as claimed in Claim     dadurch gekennzeichnet,
daB die Steuerschal- 1, characterized in that the circuit means also   tung
einen bistabilen Multivibrator (25) aufweist, comprise capacitive means
(22) which constitute  45  die mittels derersten Signalquelle zum Erzeugen
together with the induction means (2) an oscilla-  des Ausschaltsignals
gesteuert wird. tory circuitfor driving the source for producing the
switching-on signal.                            4. Schaltende Spelsung nach
Anspruch 1, 2 oder 3, dadurch gekennzelchnet, daS die Schaltungsmit- 3. A
switch mode power supply as claimed in Claim   50  tel elne zweite
Signalquelle (26) aufweisen, die 1 or 2, characterized in that the control
circuit  von der Lampenspannung zur Regelung des Mul- comprises a bistable
multivibrator (25) controlled  tivibrators (25) abhangig ist. by means of
the first signal source for producing the switching-off signal. 55
Rovendications 4. Aswitch mode power supply as claimed in Claim 1, 2 or 3,
characterized in that the circuit means  1. Alimentation de commutation
convenable pour comprise a second signal source (26) dependent
l'amorgage et le fonctionnement d'une lampe A 5 
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the lamp In operation. In the case  upon the lamp voltage for controlling
the multivi- in which the voltage across the lamp associated with  brator
(25). the stable working-point of the lamp is higherthan 50 V, the
working-point of the switch mode powersupply will be displaced in the
characteristic shown over the   5   Patentanspriiche line part M-L. The
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buffer means (3) and rectifying   20    den Zustand und mit elnem means (4)
for producing from an input vol-          Ausschaltsignal zum Schalten der
Schalt- tage a current for the lamp by switching the  mittel in den
gesperrten Zustand, wobei die switching means alternately to the conduct-
schaltende Speisung Schaltungsmittel (20) auf- ing state and the
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- a control circuit (I) for supplying a switching   25  mittel, wobei diese
Schaltungemittel gleichzeltig signal comprising a switching-on signal for
zum Erzeugen des Schaltsignals dienen, da- switching the switching means to
the con-     durch gekennzeichnet, dae ein erster Wickiungs- ducting state
and a switching-off signal for  tail (21) der Induktlonsmittel (2) ainen
Tell der switching the switching means to the non-     Schaltungsmlttei
(20) bildet als Quelle zum Er- conducting state,                     30
zeugen des Einschaltsignals, und dal sin zweiter the switch mode power
supply comprising circuit    Wicklungsatil (23) der Induktionsmittel (2)
eanen means (20) for current detection through the in-   Tell der
Schaltungsmittel (20) bildet als erste Si- duction means, which circuit
means serve at the    gnalquelle zum Erzeugen des Ausschaltsignals. same
time for producing the switching signal, characterized in that a first
winding part (21) of  35  2. Schaltende Spelsung nach Anspruch 1, dadurch
the Induction means (2) forms part of the circuit  gekennzelchnet, daS die
Schaltungsmittel eben- means (20) as a source for producing the switch-
falls kapazitive Mittel (22) aufwelsen, die zusam- ing-on signal, and In
that a second winding part   men mit den Induktionsmittein (2) lne
OszIIIator- (23) of the induction means (2) forms part of the  schaltung
bilden zum Betreiben der Quelle zum circuit means (20) as a first signal
source for pro-  40  Erzeugen des Elnschaltsignais. ducing the
switching-off signal. 3. Schaltende Speisung nach Anspruch I oder 2, 2. A
switch mode power supply as claimed in Claim     dadurch gekennzelchnet,
daB die Steuerschal- 1, characterized in that the circuit means also   tung
einen bistabilen Multivibrator (25) aufweist, comprise capacitive means
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switching-on signal.                           4. Schaltende Spelsung nach
Anspruch 1, 2 oder 3, dadurch gekennzeichnet, dal die SchaltungsmK- 3. A
switch mode power supply as claimed in Claim   50  Wl sine zweite
Signalquelle (26) aufwelsen, die 1 or 2, characterized in that the control
circuit  von der Lampenspannung zur Regelung des Mul- comprises a bistable
multivibrator (25) controlled  tivibrators (25) abhangig ist. by means of
the first signal source for producing the switching-off signal. 56
Revendicatlons 4. Aswitch mode power supply as claimed in Claim 1, 2 or 3,
characterized In that the circuit means  1. Ailmentation de commutation
convenable pour comprise a second signal source (26) dependent
l'amorgage et le fonctionnement d'une lampe a 
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pression (5), comportant - des moyens commutateurs (1), des moyens
d'induction (2), des moyens tampons capa- citifs (3) et des moyens
redresseurs (4) congus pour engendrer, a partir d'une ten-   6 sion
d'entr6e, un courant pour la lampe en commutant les moyens commutateurs al-
ternativement A 'etat conducteur et a l'etat non oonducteur, et - un
circuit de commande (I) congu pourfour-  10 nirun signal de commutation
comportant un signal d'enclenchement pour commuter les moyens commutateurs
A l'etat conducteur, et un signal de deciencheoment pour commuter les
moyens commutateurs A   15 l'etat non conducteur, I'alimentation de
commutation comportant des moyens de cIrcuit (20) congus pour d6tecter un
courant traversant les moyens d'induction, les- dits moyens de circuit
servent on mAme temps A   20 engeridrer le signal de commutation,
caracteri- s6e en ce qu'une premiere partie d'enroulement (21) des moyens
d'induction (2) fait partie des moyens de circuit (20) commo source conque
pour engendrer le signal d'enclenchement, et en  25 co qu'une deuxieme
partle d'enroulement (23) des moyens d'induction (2) fait partie des moyens
de circuit (20) commo premiere source de signal concue pour engendrer Is
signal de de- clenchement.                             30 2. Alimentation
de commutation selon la revendica- tlon 1, caracteris6o en ce quo les
moyons de cir- cuit comportent 6galement des moyens capaci- tlfs (22)
constituant conjointoment avec les  35 moyens d'inductlon (2) un circuit
oscillant conqu pour commander la source conque pour engen- drer le signal
d'enclonchement. 3. Alimentation de commutation selon la revendlca-  4o
tion 1 ou 2, caract6ris6e en ce quo Is circuit de commando comporte un
multivibrateur bistable (25) command6 au moyen de la premlere source de
signal conque pour engendrer le signal de d6- clenchement.
45 4. Allmentation de commutation selon la revendica- tbon 1, 2 ou 3,
caract6ris6e en ce quo les moyens de circuit comporent une deuxieme source
de si- gnal (26) dependant de la tension de lampe et  60 conque pour
commander lo multivibrateur (25). 55 6    


