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Description

[0001] The invention relates to a power supply unit
which includes an inverter which co-operates with a res-
onant circuit and can be controlled by means of a control
unit so as to adjust the output power, notably for an X-
ray generator. A power supply unit having the features
of the preamble of claim 1 has become known from EP
782 209.
[0002] A power supply unit of this kind is known from
DE 197 24 931 and includes an inverter which is con-
nected to a direct voltage source and consists of a first
branch and a second branch, each branch being provid-
ed with two semiconductor switches, the output of the
inverter being connected to a resonant circuit that is
formed by a capacitor and the stray inductance of a
transformer. An X-ray tube is connected to the second-
ary winding of the transformer via a rectifier device. The
power supply unit can be switched between a first mode
of operation with a high short time power and a second
mode of operation with a low continuous power, the
power output being controlled by means of a pulse width
modulated voltage which is generated by switching of
the semiconductor switches and is present on the output
of the inverter. In order to increase the continuous power
in the second mode of operation, a third branch (auxil-
iary branch) is connected parallel to the two inverter
branches; in this second mode of operation the auxiliary
branch is activated instead of the first branch in order to
take up an additional inductance and an additional ca-
pacitance in the primary circuit of the transformer. The
power loss in the semiconductor switches of the inverter
and in the transformer is thus reduced.
[0003] Even though power control by pulse width
modulation of the voltage applied to the resonant circuit
can be realized comparatively simply from a technical
point of view, and even though practical no switch-off
losses are induced in the case of low output powers, this
method also has given drawbacks. This is because high
switch-on and switch-off losses occur in the case of high
output powers. Moreover, as the pulse width increases
the output voltage also increases.
[0004] It is an object of the invention to provide a pow-
er supply unit of the kind set forth whose modes of op-
eration are enhanced over a comparatively wide power
range and notably in respect of switching losses and rip-
ple of the output voltage.
[0005] This object is achieved by means of a power
supply unit as claimed in claim 1.
[0006] Thus, the basic idea of the invention is to opti-
mize the properties of a power supply unit of the kind
set forth by activation of different modes of operation in
dependence on the output power.
[0007] Advantageous further embodiments of the in-
vention are disclosed in the dependent claims.
[0008] The embodiment disclosed in claim 2 includes
an inverter in the form of a half bridge (two semiconduc-
tor switches) whereas a full bridge circuit is provided ac-

cording to claim 4 (four semiconductor switches).
[0009] When a third switching state is activated as a
free-running state in conformity with claim 5, the peak
values of the resonance current amplitudes are lowered,
the losses are reduced further and the switching powers
are halved. Moreover, the resonant circuit capacitance
C is relieved by the unidirectional power flow.
[0010] In order to achieve optimum properties of the
power supply unit, the factor whereby the switching fre-
quency fs in the first mode of operation is smaller than
the resonance frequency is preferably 0.5 in conformity
with claim 6, whereas in conformity with claim 7 the
switching frequency fs can be varied in the range 0.5 *
fres h fs < fres in the second mode of operation.
[0011] Finally, the embodiment disclosed in claim 8
involves a third mode of operation which can be effec-
tively used notably for a medium range of the output
power.
[0012] Further details, characteristics and advantag-
es of the invention will become apparent from the fol-
lowing description of two preferred embodiments which
is given with reference to the drawing. Therein:

Fig. 1 shows a circuit diagram of the first embodi-
ment of the invention,
Fig. 2 shows typical current and voltage variations
during a first mode of operation without a free-run-
ning state;
Fig. 3 shows typical current and voltage variations
in the first mode of operation with a free-running
state;
Fig. 4 shows typical current and voltage variations
during a second mode of operation;
Fig. 5 shows typical current and voltage variations
during a third mode of operation without a free-run-
ning state;
Fig. 6 shows typical current and voltage variations
during the third mode of operation with a free-run-
ning state;
Fig. 7 shows a first circuit diagram of the second
embodiment of the invention, and
Fig. 8 shows a second circuit diagram of the second
embodiment of the invention.

[0013] The embodiments to be described hereinafter
are preferably used for the power supply of X-ray tubes.
For these and other, similar applications the intermedi-
ate circuit voltage UDC amounts to a few 100 V, notably
750 V. Suitable values for the resonance frequency of
the resonant circuit amount to a maximum of from ap-
proximately 200 to 300 kHz; in that case currents of up
to a few 100 A may flow. Voltages of from a few 10 kV
to more than a few 100 kV can then be generated across
the load resistor RL for output currents of from approxi-
mately 0 to more than 1 A.
[0014] A first embodiment of the power supply unit ac-
cording to the invention is shown in Fig. 1 and includes
a direct voltage source 10 (intermediate circuit voltage
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UDC) whereto a first branch 1 and, parallel thereto, a
second branch 2 of an inverter are connected. The first
branch 1 includes a first semiconductor switch S1 and
a second semiconductor switch S2 (for example, switch-
ing transistors) which are connected in series. A first free
running diode D1 and a second free running diode D2
are connected anti-parallel (that is, with the reverse for-
ward direction with respect thereto) to the first and the
second semiconductor switch, respectively. Similarly,
the second branch 2 is formed by a third semiconductor
switch S3 and a fourth semiconductor switch S4 (for ex-
ample, again switching transistors) which are connected
in series. Anti-parallel to the third and the fourth semi-
conductor switch there is connected a third and a fourth
free running diode D3, D4, respectively. The junction of
the first and the second semiconductor switch S1, S2
constitutes a first output terminal P1 of the inverter
whereas a second output terminal P2 of the inverter is
branched from the junction of the third and the fourth
semiconductor switch S3, S4.
[0015] The output terminals P1, P2 of the inverter are
connected to a series resonant circuit which is formed
by an inductance L as well as a capacitance C connect-
ed in series therewith. A bridge rectifier G1 whose output
is connected to a load RL via a smoothing capacitor CL
is connected between the elements L and C.
[0016] A preferably programmable control unit 6 gen-
erates switching signals for each pair of switches S1/S4
and S2/S3, which switching signals alternately switch
these pairs to the conductive state and the blocked state
so that respective square-wave voltages of alternating
polarity are present on the first and the second output
terminal P1, P2 of the inverter, said square-wave volt-
ages constituting a (resonance) tank voltage Utank for
the resonant circuit. The control unit can also produce
this pulse pattern by closing individual switches in such
a manner that a free-running state is imposed on the
resonant circuit. To this end, for example the first switch
S1 is switched to its conductive state during the conduc-
tive phase of the third diode D3 while the third switch S3
is switched to its conductive state during the conductive
phase of the first diode D1, the fourth switch S4 is
switched to its conductive state during the conductive
phase of the second diode D2 or the second switch S2
is switched to its conductive state during the conductive
phase of the fourth diode D4, or the first and the third
switch S1/S3 are switched to their conductive state or
the second and the fourth switch S2/S4. In these cases
the voltage on the first and the second output terminal
P1, P2 is composed only of the forward voltages of a
diode and a (conductive) switch or two conductive
switches and, generally speaking, is very low relative to
the intermediate circuit voltage UDC. A suitable control
unit is disclosed, for example, in DE OS 19724931.
[0017] Depending on the selected mode of operation
and the value of the power output in the selected mode
of operation, either the pulse duration or the frequency
of this tank voltage Utank is varied or a free-running

state is activated.
[0018] The variation of the tank voltage, causing a
corresponding variation of the resonance current
through the inductance, the rectifier as well as the ca-
pacitance, can produce a rectified output voltage of ad-
justable value across the load RL, the output current
then being adjustable essentially continuously from ap-
proximately zero to a maximum value in conformity with
the load.
[0019] The functions of the circuit and the typical var-
iations of the tank voltage Utank and the current Ires
through the resonant circuit will be described in detail
hereinafter with reference to the Figs. 2 to 6 and for var-
ious modes of operations, with and without a free run-
ning state.
[0020] Fig. 2 shows such variations for a first mode of
operation for low output powers and without a free run-
ning state. In this mode of operation the power is adjust-
ed by pulse width modulation of the tank voltage, that
is, the duration (first phase) T1, whereby each pair of
switches S1/S4 and S2/S3 is switched to the conductive
state. The switching frequency fs (frequency of the
switching operations) is constant and less than half the
resonance frequency fres of the resonant circuit.
[0021] During the first phase T1 the first and the fourth
switch S1, S4 are conductive whereas the second and
the third switch S2, S3 are blocked. During this phase
an essentially sinusoidal current Ires is built up in the
resonant circuit until the first and the fourth switch S1,
S4 are opened again, that is, switched to the blocked
state. While the current Ires commutes from the
switched-off switches S1, S4 to the anti-parallel diode
D2, D3 of the respective other switch S2, S3 in the same
branch, a second phase T2 commences. When the cur-
rent Ires, decreasing during this second phase T2,
reaches the zero line, this phase is terminated and a
third phase T3 commences. During this phase the cur-
rent Ires, now negative; flows via the first and the fourth
diode D1, D4 which are connected anti-parallel to the
first switch and the fourth switch S1, S4, respectively.
Moreover, during this phase all switches are open. The
third phase T3 terminates when the current reaches the
zero line again. When the switching frequency fs of the
tank voltage is lower than half the eigen resonance fre-
quency fres of the resonant circuit, there will be a fourth
phase T4 in which no current flows in the resonant circuit
(current gap, intermittent flow of DC).
[0022] Subsequently, this procedure is repeated by
the closing of the second and the third switch S2, S3
(the switches S1 and S4 are blocked); the voltage and
current variations of Fig. 2 then have the same shape
but the reverse polarity and commence again with the
first phase T1.
[0023] This first mode of operation is not resonant,
which means that the operating frequency (switching
frequency fs) at which the individual switches S1/S4 and
S2/S3 are switched deviates from the resonant frequen-
cy fres (at least by the factor 0.5) in such a manner that
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eigen dynamics cannot arise due to the eigen reso-
nance of the resonant circuit and hence no voltage and
current excess can occur either.
[0024] The maximum switch-off current occurs at the
maximum of the sinusoidal current during the first phase
T1 and is small in conformity with the small power that
can be transferred in this mode of operation. Moreover,
the switching operations for each switch take place at
the selected, low operating frequency or only at half this
frequency. This means that this mode of operation is
characterized by particularly small switching losses.
[0025] Furthermore, the ripple of the rectified output
voltage is also small in this mode of operation, because
only current pulses of low amplitude are transferred at
a constant switching frequency.
[0026] Power supply units controlled via pulse width
have the drawback that after the switching off of one of
the switch diagonals, a release time must be observed
before the other switch diagonal can be switched on.
This drawback does not exist in this case, because in
this mode of operation it is not intended to increase the
transferred power since during the third phase T3 the
second switch diagonal S2/S3 (counter diagonal) is
switched on. At maximum power in this mode of opera-
tion the switches can be switched to the blocked state
at any instant between the first and the second current
zero crossing. The second phase T2 is then possibly
omitted.
[0027] Fig. 3 shows the voltage and current variations
in this mode of operation with a free-running state. The
essential difference consists in that at the end of the first
phase T1 or at the beginning of the second phase T2
only one of the two switches S1, S4 or S2, S3 is opened,
so that in the second phase T2 a series connection of
S1 and D3 or S4 and D2 or S3 and D1 or S2 and D4 is
connected to the resonant circuit. The resultant advan-
tages have already been described.
[0028] Fig. 4 shows the variations of the tank voltage
Utank and the current Ires through the resonant circuit
in a second mode of operation for medium output pow-
ers. The power is adjusted by variation of the switching
frequency, be it subject to the following condition: fsmin
| fs | 0.5*fres, that is, the switching frequency fs remains
essentially lower than half the eigen resonance frequen-
cy fres of the resonant circuit.
[0029] The first and the fourth switch S1, S4 are
closed during the first phase T1 and the switches S2
and S4 are open. In this phase the variation of the cur-
rent Ires is essentially sinusoidal and the current is not
switched off. During the current zero crossing the sec-
ond phase T2 commences and the current commutes
from the switches S1, S4 to their anti-parallel diodes D1,
D4, so that the current varies with a damped sinusoidal
oscillation during the second phase T2. Subsequently,
the switches S1, S4 are opened. When the current
reaches the zero crossing again, this phase terminates
and the third phase T3 commences in which no current
Ires flows (current gap/intermittent operation with DC).

[0030] Subsequently, this sequence is repeated by
closing the second and the third switch S2, S3 (the
switches S1/S4 are open); in comparison with Fig. 3 the
voltage and current variations then have the same
shape and the reverse polarity.
[0031] The switching frequency fs remains substan-
tially lower than the resonance frequency fres also in
this second mode of operation. Therefore, eigen dynam-
ics due to the eigen resonance of the resonant circuit,
and hence voltage and current excess, again cannot oc-
cur. Because no switching off operation takes place, no
switch-off losses occur. The switch-on operation is cur-
rentless, so that switch-on losses do not occur either.
[0032] In this mode of operation the maximum ripple
of the rectified output voltage occurs at the minimum
switching frequency, because the energy of the current
packages is always the same. The ripple is so low in this
mode of operation because it is not reduced further as
from a minimum frequency and a change-over takes
place to the pulse width modulated operation of the first
mode of operation.
[0033] Fig. 5 shows the voltage and current variations
in a third mode of operation for large output powers, that
is, without a free running state.
[0034] The power shift is again performed via the
switching frequency fs which is in the following range:
0.5*fres| fs < fres.
[0035] During a first phase T1 the first and the fourth
switch S1, S4 are switched on (conductive). The current
Ires through the resonant circuit then varies sinusoidally
and is not switched off. During the zero crossing a sec-
ond phase T2 commences in which the first and the
fourth switch S1, S4 are opened in a currentless manner
and a release time is observed. The current Ires com-
mutes from the switches S1, S4 to their anti-parallel di-
odes D1, D4, the current variation being shaped as a
damped sinusoidal oscillation in this second phase T2.
No sooner than after expiration of the release time, but
before the next current zero crossing, the first and the
second phase T1, T2 are repeated with a reversed volt-
age and current polarity, that is, the second and the third
switch S2, S3 are closed while the first and the fourth
diode D1, D4 still carry current. In response thereto the
current commutes from these diodes D1, D4 to the
switches S2, S3 which are now closed. Thus, non-inter-
mittent operation is concerned.
[0036] A free-running state can again be introduced
by switching off only one of the switches that are con-
ductive during the first phase T1 towards the end of the
first phase T1 or at the beginning of the second phase
T2. The output terminals P1 and P2 are thus conduc-
tively connected either via the positive or via the nega-
tive intermediate circuit rail, except for the voltage drop
of a conductive switch and a conductive diode that is
low in comparison with the intermediate circuit voltage.
While the anti-parallel diode of the second switch
present in the same branch is conductive, this switch
can already be switched on without loss. The corre-
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sponding voltage and current variations are shown in
Fig. 6.
[0037] The third mode of operation is a resonant
mode, that is, the switching frequency fs at which the
individual switches are switched deviates from the res-
onance frequency fres of the resonant circuit to such a
small extent only that eigen dynamics can arise due to
the eigen resonance of the circuit, thus giving rise to a
voltage and current excess.
[0038] The maximum switch-on current lies at the
maximum of the sinusoidal oscillation of the diode for-
ward period and hence is substantially smaller than the
current maximum during the phase in which the active
switches are conductive.
[0039] In this third mode of operation the maximum
ripple of the rectified output voltage is obtained at the
maximum switching frequency, because the highest cur-
rent amplitudes now occur because of the resonance
effect. Advantage is taken of the fact that the higher cur-
rent amplitudes are partly compensated in respect of rip-
ple by the higher frequency.
[0040] Fig. 7 shows a first circuit of a second embod-
iment of the invention. The essential difference with re-
spect to the first embodiment consists in that now a half-
bridge circuit is concerned in which a series connection
of a first and a second capacitor C1, C2 is provided in-
stead of the second inverter branch 2.
[0041] The first output terminal P1 for the resonant cir-
cuit is formed by the junction of the first and the second
semiconductor switch S1, S2, whereas the second out-
put terminal P2 is formed by the junction of the first and
the second capacitor C1, C2. The semiconductor
switches S1, S2 are switched again by the control unit 6.
[0042] The variations of the tank voltage Utank and of
the current Ires through the resonant circuit correspond
to the variations shown in the Figs. 2, 4 and 5, so that
the following description makes reference to these Fig-
ures. Moreover, the description will be limited essentially
to the differences with respect to the first embodiment.
[0043] In the first mode of operation for low output
powers (Fig. 2) the power is again adjusted by pulse
width modulation of the tank voltage, that is, the duration
(first phase) T1 during which the switch S1 or S2 is con-
ductive. The switching frequency is (constantly) lower
than half the resonance frequency fres of the resonant
circuit.
[0044] Thus, the first switch S1 is conductive during
the first phase T1. During this phase an essentially si-
nusoidal current is built up until the switch S1 is switched
off, that is, opened, and the second phase T2 commenc-
es. In the second phase the current commutes from the
opened first switch S1 to the anti-parallel diode D2 of
the second switch S2. The current decreases during this
second phase T2 until it reaches the zero line and the
third phase T3 commences. In this phase the diode D1,
connected anti-parallel to the first switch S1, is conduc-
tive while both switches are blocked. The third phase T3
terminates when the current reaches the zero crossing

again. Because the switching frequency fs is lower than
half the resonance frequency fres of the resonant circuit,
there is a subsequent fourth phase T4 during which no
current flows through the resonant circuit (current gap/
intermittent operation with DC).
[0045] This sequence is subsequently repeated by
closing the second switch S2 (the first switch S1 is open)
with reversed current and voltage variations in conform-
ity with Fig. 2.
[0046] In this first mode of operation the same advan-
tages are obtained as in the first embodiment. Notably
the release time is dispensed with, because in the sec-
ond half-oscillation (third phase T3) the second switch
S2 is not switched on, but exclusively the diode D1 con-
nected anti-parallel to the first switch S1, carries current.
[0047] In the second mode of operation for medium
output powers the power is again adjusted by variation
of the switching frequency, be it subject to the following
condition: fsmin | fs | 0.5*fres. The voltage and current
variations then occurring are shown in Fig. 4.
[0048] During the first phase T1 the first switch S1 is
conductive. The current Ires varies essentially sinusoi-
dally and is not switched off. During the zero crossing
the second phase T2 commences and the current Ires
commutes from the conductive switch S1 to the anti-par-
allel diode D1 thereof. During this phase the current var-
iation is a damped sinusoidal oscillation, both switches
S1, S2 being blocked. Finally, in the third phase T3 no
current flows through the resonant circuit.
[0049] In this second mode of operation the same ad-
vantages are obtained again as in the first mode.
[0050] Finally, there is the third mode of operation for
high output powers for which the voltage and current
variations are as shown in Fig. 5. The power adjustment
is again realized via the switching frequency which can
be varied in the range 0.5*fres | fs < fres.
[0051] During the first phase T1 the first switch S1 is
switched on. The current Ires again varies essentially
sinusoidally and is not switched off. During the current
zero crossing the second phase T2 commences and the
current commutes from the first switched-on first switch
S1 to the anti-parallel diode D1 thereof. After the current
zero crossing the (active) first switch S1 is opened in a
currentless manner, and the variation of the current Ires
is that of a damped sinusoidal oscillation. After expira-
tion of a release time, the second switch S2 is closed
while the first diode D1 still carries a current. The current
then commutes from the first diode D1 to the second
switch S2, so that the first phase T1 commences again
with current and voltage variations of a polarity opposing
that upon the closing of the first switch S1 (non-intermit-
tent operation).
[0052] For this mode of operation the same properties
and advantages are obtained again as already de-
scribed with reference to the first embodiment.
[0053] By way of example Fig. 8 shows a second cir-
cuit diagram of a further possibility for realizing the sec-
ond embodiment of the invention. The circuit includes,
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connected parallel to the direct voltage source 10, a se-
ries connection of a first and a second semi-conductor
switch S1, S2 which constitute the single branch 1 of an
inverter and are controlled by the control unit 6, a free-
running diode D1, D2 being connected anti-parallel to
said switches. The series connection of the first and the
second capacitor C1, C2 is thus dispensed with. This
circuit of Fig. 7 for the remainder corresponds to the sec-
ond embodiment, the resonant circuit being connected,
for example parallel to the second semiconductor switch
S2.
[0054] This second circuit for the remainder corre-
sponds to the first circuit of Fig. 7, the semiconductor
switches S1, S2 again being switched by the control unit
6 in conformity with the description given with reference
to Fig. 7.
[0055] Finally, it is to be noted that, as opposed to the
representation of the Figs. 1, 7 and 8, potential separa-
tion from the load RL can be undertaken by having, for
example the rectifier G1 preceded by a transformer
whose primary winding inductance then forms part of
the inductance of the resonant circuit.

Claims

1. A power supply unit which includes an inverter
which co-operates with a resonant circuit and can
be controlled by means of a control unit so as to
adjust the output power, said inverter is formed by
a first switching unit and a second switching unit
(S1, S4; S2, S3; S1, S2) whereby a voltage of a first
polarity can be applied to the resonant circuit (L, C)
in a first switching state whereas a voltage of a sec-
ond polarity can be applied thereto in a second
switching state, which switching states can be
switched by the control unit (6) in such a manner
that in a first mode of operation for low output pow-
ers the output power can be adjusted by changing
the duration of the switching stage at an essentially
constant switching frequency fs which is at least a
predetermined factor lower than the resonance fre-
quency fres of the resonant circuit, characterized
in that in a second mode of operation for high out-
put powers the output power can be adjusted by
changing the switching frequency in the range of the
resonance frequency, whereby the switching fre-
quency is lower than the resonance frequency.

2. A power supply unit as claimed in claim 1, charac-
terized in that each of the switching units is formed
by a semiconductor switch (S1, S2) that can be
switched by the control unit (6) and includes a re-
spective anti-parallel connected diode (D1, D2),
each switching unit being connected in series with
a direct voltage source (10), the resonant circuit be-
ing a series resonant circuit that is connected par-
allel to one of the switching units.

3. A power supply unit as claimed in claim 2, charac-
terized in that a series connection of a first and a
second capacitor (C1, C2) is connected parallel to
the direct voltage source (10), one terminal of the
resonant circuit being connected between the first
and the second semiconductor switch (S1, S2)
while the other terminal is connected between the
first and the second capacitor (C1, C2).

4. A power supply unit as claimed in claim 1, charac-
terized in that the inverter includes a first and a
second inverter branch (1, 2) which are connected
parallel to a direct voltage source (10), each inverter
branch being formed by a series connection of a first
and a second or a third and a fourth semiconductor
switch (S1, S2; S3, S4) with a respective anti-par-
allel connected diode (D1, D2; D3, D4), the first
switching unit being formed by the first and the
fourth semiconductor switch while the second
switching unit is formed by the second and the third
semiconductor switch, the resonant circuit being a
series resonant circuit, one terminal of which is con-
nected between the first and the second semicon-
ductor switch while the other terminal is connected
between the third and the fourth semiconductor
switch.

5. A power supply unit as claimed in claim 4, charac-
terized in that the control unit (6) is capable of con-
trolling a third switching state for free running of the
resonant circuit in such a manner that a series con-
nection of one of the semiconductor switches (S1,
S2; S3, S4) and one diode in a conductive phase
(D1, D2; D3, D4) is connected to the resonant cir-
cuit.

6. A power supply unit as claimed in claim 1, charac-
terized in that the factor whereby the switching fre-
quency fs in the first mode of operation is lower than
the resonance frequency amounts to 0.5.

7. A power supply unit as claimed in claim 1, charac-
terized in that the switching frequency fs is variable
in the range 0.5*fres ≤ fs < fres in the second mode
of operation.

8. A power supply unit as claimed in claim 7, charac-
terized in that the first and the second switching
state can be switched by the control unit in such a
manner that in a third mode of operation for medium
output powers the output power is variable by
changing the switching frequency in the range
fsmin | fs| 0.5 * fres, where fsmin is a predetermined
minimum switching frequency.

9. X-ray generator with a power supply as claimed in
claim 1.
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Patentansprüche

1. Leistungsversorgungseinheit mit einem Wechsel-
richter, der mit einem Resonanzkreis zusammen-
wirkt und zur Einstellung der Ausgangsleistung mit
einer Steuereinheit ansteuerbar ist, wobei der ge-
nannte Wechselrichter durch eine erste und eine
zweite Schalteinheit (S1, S4; S2, S3; S1, S2) gebil-
det ist, mit denen in einem ersten Schaltzustand ei-
ne Spannung mit einer ersten Polarität und in einem
zweiten Schaltzustand eine Spannung mit einer
zweiten Polarität an den Resonanzkreis (L, C) an-
gelegt werden kann, wobei die Schaltzustände
durch die Steuereinheit (6) in der Weise schaltbar
sind, dass in einer ersten Betriebsart für geringe
Ausgangsleistungen die Ausgangsleistung durch
Veränderung der Dauer des Schaltzustands bei ei-
ner im wesentlichen konstanten Schaltfrequenz fs,
die mindestens um einen vorbestimmten Faktor
kleiner ist als die Resonanzfrequenz fres des Re-
sonanzkreises, eingestellt werden kann, dadurch
gekennzeichnet, dass in einer zweiten Betriebsart
für hohe Ausgangsleistungen die Ausgangslei-
stung durch Veränderung der Schaltfrequenz im
Bereich der Resonanzfrequenz einstellbar ist, wo-
bei die Schaltfrequenz niedriger ist als die Reso-
nanzfrequenz.

2. Leistungsversorgungseinheit nach Anspruch 1, da-
durch gekennzeichnet, dass jede der Schaltein-
heiten durch einen durch die Steuereinheit (6)
schaltbaren Halbleiterschalter (S1, S2) mit jeweils
einer antiparallel geschalteten Diode (D1, D2) ge-
bildet ist, wobei jede Schalteinheit mit einer Gleich-
spannungsquelle (10) in Reihe geschaltet ist, wobei
der Resonanzkreis ein Serienresonanzkreis ist und
parallel zu einer der Schalteinheiten geschaltet ist.

3. Leistungsversorgungseinheit nach Anspruch 2, da-
durch gekennzeichnet, dass parallel zu der
Gleichspannungsquelle (10) eine Reihenschaltung
aus einem ersten und einem zweiten Kondensator
(C1, C2) liegt, wobei ein Anschluss des Resonanz-
kreises zwischen den ersten und den zweiten Halb-
leiterschalter (S1, S2) und ein anderer Anschluss
zwischen den ersten und den zweiten Kondensator
(C1, C2) geschaltet ist.

4. Leistungsversorgungseinheit nach Anspruch 1, da-
durch gekennzeichnet, dass der Wechselrichter
einen ersten und einen zweiten Wechselrichter-
zweig (1, 2) aufweist, die parallel zu einer Gleich-
spannungsquelle (10) geschaltet sind, wobei jeder
Wechselrichterzweig durch eine Reihenschaltung
eines ersten und eines zweiten bzw. eines dritten
und eines vierten Halbleiterschalters (S1, S2; S3,
S4) mit jeweils einer antiparallel geschalteten Diode
(D1, D2; D3, D4) gebildet ist, wobei die erste

Schalteinheit durch den ersten und den vierten
Halbleiterschalter und die zweite Schalteinheit
durch den zweiten und den dritten Halbleiterschal-
ter gebildet ist und der Resonanzkreis ein Serien-
resönanzkreis ist, dessen einer Anschluss zwi-
schen den ersten und den zweiten Halbleiterschal-
ter geschaltet ist, während der andere Anschluss
zwischen den dritten und den vierten Halbleiter-
schalter geschaltet ist.

5. Leistungsversorgungseinheit nach Anspruch 4, da-
durch gekennzeichnet, dass mit der Steuerein-
heit (6) ein dritter Schaltzustand für einen Freilauf
des Resonanzkreises in der Weise schaltbar ist,
dass eine Reihenschaltung aus einem der Halblei-
terschalter (S1, S2; S3, S4) und einer in einer lei-
tenden Phase befindlichen Diode (D1, D2; D3, D4)
mit dem Resonanzkreis verbunden ist.

6. Leistungsversorgungseinheit nach Anspruch 1, da-
durch gekennzeichnet, dass der Faktor, um den
die Schaltfrequenz fs in der ersten Betriebsart klei-
ner ist als die Resonanzfrequenz, 0,5 beträgt.

7. Leistungsversorgungseinheit nach Anspruch 1, da-
durch gekennzeichnet, dass in der zweiten Be-
triebsart die Schaltfrequenz fs im Bereich von 0,5 *
fres ≤ fs < fres veränderbar ist.

8. Leistungsversorgungseinheit nach Anspruch 7, da-
durch gekennzeichnet, dass der erste und der
zweite Schaltzustand durch die Steuereinheit in der
Weise schaltbar sind, dass in einer dritten Betriebs-
art für mittlere Ausgangsleistungen die Ausgangs-
leistung durch Veränderung der Schaltfrequenz im
Bereich
fsmin | fs | 0,5 * fres veränderbar ist, wobei fsmin
eine vorbestimmte minimale Schaltfrequenz ist.

9. Röntgengenerator mit einer Leistungsversorgungs-
einheit nach Anspruch 1.

Revendications

1. Bloc d'alimentation comprenant un inverseur qui
coopère avec un circuit résonnant et qui peut être
commandé à l'aide d'une unité de commande de
manière à régler la puissance de sortie, ledit inver-
seur étant formé par une première unité de commu-
tation et par une deuxième unité de commutation
(S1, S4; S2, S3; S1, S2), cas dans lequel une ten-
sion d'une première polarité peut être appliquée au
circuit résonnant (L, C) dans un premier état de
commutation tandis qu'une tension d'une deuxième
polarité peut être appliquée à celui-ci dans un
deuxième état de commutation, lesquels états de
commutation peuvent être commutés par l'unité de
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commande (6) de telle façon que dans un premier
mode de fonctionnement pour de faibles puissan-
ces de sortie la puissance de sortie puisse être ré-
glée par le changement de la durée de l'étage de
commutation à une fréquence de commutation es-
sentiellement constante fs qui est au moins d'un
facteur prédéterminé inférieure à la fréquence de
résonance fres du circuit résonnant, caractérisé en
ce que dans un deuxième mode de fonctionnement
pour des puissances de sortie élevées la puissance
de sortie peut être réglée par le changement de la
fréquence de commutation dans la gamme de la fré-
quence de résonance, cas dans lequel la fréquence
de commutation est inférieure à la fréquence de ré-
sonance.

2. Bloc d'alimentation selon la revendication 1, carac-
térisé en ce que chacune des unités de commuta-
tion est formée par un commutateur semi-conduc-
teur (S1, S2) qui peut être commuté par l'unité de
commande (6) et qui comprend une diode connec-
tée en parallèle (D1, D2), chaque unité de commu-
tation étant connectée en série à une source de ten-
sion continue (10), le circuit résonnant étant un cir-
cuit résonnant série qui est connecté en parallèle à
une des unités de commutation.

3. Bloc d'alimentation selon la revendication 2, carac-
térisé en ce qu'un montage en série d'un premier
et d'un deuxième condensateur (C1, C2) est con-
necté en parallèle à la source de tension continue
(10), une borne du circuit résonnant étant connec-
tée entre le premier et le deuxième commutateur
semi-conducteur (S1, S2) alors que l'autre borne
est connectée entre le premier et le deuxième con-
densateur (C1, C2).

4. Bloc d'alimentation selon la revendication 1, carac-
térisé en ce que l'inverseur comprend une premiè-
re et une deuxième branche inverseuse (1, 2) qui
sont connectées en parallèle à une source de ten-
sion continue (10), chaque branche inverseuse
étant formée par un montage en série d'un premier
et d'un deuxième ou d'un troisième et d'un quatriè-
me commutateur semi-conducteur (S1, S2; S3, S4)
avec une diode connectée en antiparallèle respec-
tive (D1, D2; D3, D4), la première unité de commu-
tation étant formée par le premier et le quatrième
commutateur semi-conducteur alors que la deuxiè-
me unité de commutation est formée par le deuxiè-
me et le troisième commutateur semi-conducteur,
le circuit résonnant étant un circuit résonnant série
dont une borne est connectée entre le premier et le
deuxième commutateur semi-conducteur alors que
l'autre borne est connectée entre le troisième et le
quatrième commutateur semi-conducteur.

5. Bloc d'alimentation selon la revendication 4, carac-

térisé en ce que l'unité de commande (6) est ca-
pable de commander un troisième état de commu-
tation pour la course libre du circuit résonnant de
telle façon qu'un montage en série d'un des com-
mutateurs semi-conducteurs (S1, S2; S3, S4) et
d'une diode dans une phase conductrice (D1, D2;
D3, D4) soit connecté au circuit résonnant.

6. Bloc d'alimentation selon la revendication 1, carac-
térisé en ce que le facteur auquel la fréquence de
commutation fs dans le premier mode de fonction-
nement est inférieure à la fréquence de résonance
se monte à 0,5.

7. Bloc d'alimentation selon la revendication 1, carac-
térisé en ce que la fréquence de commutation fs
est variable dans la gamme 0,5*fresë fs < fres dans
le deuxième mode de fonctionnement.

8. Bloc d'alimentation selon la revendication 7, carac-
térisé en ce que le premier et le deuxième état de
commutation peuvent être commutés par l'unité de
commande de telle façon que dans un troisième
mode de fonctionnement pour des puissances de
sortie moyennes la puissance de sortie soit variable
par le changement de la fréquence de commutation
dans la gamme fsmin | fs |0,5* fres où fsmin est une
fréquence de commutation minimale prédétermi-
née.

9. Générateur à rayons X avec une alimentation selon
la revendication 1.
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