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(54) VOLTAGE STABILIZED X-RAY POWER SUPPLY

(57) Disclosed is a medical instrument (100, 200,
300, 400, 500, 700, 900) comprising an X-ray power sup-
ply (102, 102’). The X-ray power supply is configured to
provide an output voltage that repeatedly switches be-
tween a first voltage and a second voltage. The X-ray
power supply is configured for powering an X-ray tube
(106) with the output voltage to produce X-rays, wherein
switching between the first voltage and the second volt-
age generates an oscillating impulse voltage superim-
posed on output voltage. The oscillating impulse voltage
has a ripple frequency. The medical instrument further

comprises at least one voltage stabilizer circuit (104,
104’, 104") for stabilizing the first voltage and the second
voltage. The at least one voltage stabilizer circuit com-
prises an oscillator (110) and a transformer (112) config-
ured for coupling to the output voltage. The oscillator is
configured for oscillating at a voltage stabilizer frequency
that matches the ripple frequency. The transformer com-
prises a magnetic core (112) configured for limiting cou-
pling of the oscillating impulse voltage to the at least one
voltage stabilizer circuit.
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Description

TECHNICAL FIELD

[0001] The invention relates to Computed Tomogra-
phy, in particular to multi-spectral tomography.

BACKGROUND OF THE INVENTION

[0002] In Computed Tomography X-ray measure-
ments are taken from a variety of angles and used to
reconstruct a tomographic image. The attenuation of the
X-rays by different body structures and tissue types is
dependent upon the energy of the X-rays. A recent trend
is to obtain additional information by acquiring multiple
measurements using X-ray beams with different energy
spectra. This is typically achieved by varying the tube
voltage of the X-ray tube.
[0003] United States patent application publication US
2013/0170608 discloses techniques and/or systems for
reducing a voltage ripple in an electric signal. In this way,
in radiographic imaging modalities, for example, unde-
sired fluctuations in an output of a radiation source (e.g.,
undesirable fluctuations in an energy level of emitted
photons) may be reduced. To reduce the voltage ripple,
a (ripple reducing) electric signal is generated that com-
prises properties substantially similar to the voltage rip-
ple, but opposite in phase. The (ripple reducing) electric
signal is then combined with the original electric signal
to generate a combined electric signal with a voltage rip-
ple that is reduced relative to the voltage ripple of the
electric signal as initially generated.

SUMMARY OF THE INVENTION

[0004] The invention provides for a medical instrument
and a method in the independent claims. Embodiments
are given in the dependent claims.
[0005] When performing multi-spectral computed tom-
ography, the voltage applied between the anode and the
cathode is varied or switched to produce X-ray beams
with different energy spectra. Between the anode and
the cathode X-ray tube can be effectively be modeled as
a capacitance. This means that as the tube voltage is
switched between a first voltage and a second voltage
there is a ringing effect or an oscillating impulse voltage
that has a ripple voltage. There is not only a ripple voltage
when switching, but the X-ray power supply regularly pro-
duces a ripple voltage during constant energy operation.
This ripple voltage is typically not a problem when per-
forming non-spectral imaging, but spectral CT may be
more sensitive to this ripple voltage, depending upon the
details of the implementation of the reconstruction and
the availability of supplemental measurements for com-
pensating this effect. This oscillating impulse voltage is
therefore undesirable, because it causes the spectra of
X-rays emitted from the X-ray tube to vary.
[0006] Herein references are made to the output volt-

age of an X-ray power supply. It is understood that the
output voltage of the X-ray power supply is configured to
supply the tube voltage to an X-ray tube. To counteract
the oscillating impulse voltage, a voltage stabilizer circuit
can be coupled to the output voltage of the X-ray power
supply. A difficulty is that the oscillating impulse voltage
initially has a strong voltage variation and then decreases
in strength. The initial impulse can be damaging to volt-
age stabilizer circuit, especially if a fault condition in the
X-ray tube occurs like an arc discharge. To protect the
voltage stabilizer circuit the voltage stabilizer circuit can
be coupled to the output voltage using a transformer with
a magnetic core that saturates to limit the coupling of the
oscillating impulse voltage. This solution is cost effective
and may enable the X-ray power supply to switch be-
tween the first voltage and the second voltage for an ex-
tended duration or continuously.
[0007] In one aspect the invention provides for a med-
ical instrument that comprises an X-ray power supply.
The X-ray power supply is configured to provide an output
voltage that repeatedly switches between a first voltage
and a second voltage. The X-ray power supply is config-
ured for powering an X-ray tube with the output voltage
in order to produce X-rays. Switching between the first
voltage and the second voltage generates an oscillating
impulse voltage superimposed on the output voltage. The
oscillating input voltage has a ripple frequency.
[0008] The medical instrument further comprises at
least one voltage stabilizer circuit for stabilizing the first
voltage and the second voltage. The at least one voltage
stabilizer circuit comprises an oscillator and a transform-
er. The transformer is configured for coupling the at least
one voltage stabilizer circuit to the output voltage. The
oscillator is configured for oscillating at a voltage stabi-
lizer frequency. The voltage stabilizer frequency matches
the ripple frequency. The transformer comprises a mag-
netic core configured for limiting coupling of the oscillat-
ing impulse voltage to the at least one voltage stabilizer
circuit.
[0009] The use of the magnetic core in the transformer
may be beneficial because saturation of the transformer
core will naturally limit large impulses in the voltage or
current coupling into the voltage stabilizer circuit. In such
X-ray power supplies the voltage oscillates rapidly be-
tween the first voltage and the second voltage. The mag-
netic core prevents the very large voltages from being
coupled into the oscillator. This may enable a simple cir-
cuit to be used for the at least one voltage stabilizer circuit.
[0010] The X-ray power supply may, in some cases,
produce a ripple voltage that contains more than one
spectral component. In this case the oscillator may be
configured to oscillate such that the spectral output of
the oscillator matches that of the ripple voltage.
[0011] The at least one voltage stabilizer circuit may
in some examples further comprise a voltage sensor and
a voltage controller that is configured to control the output
of the oscillator such that the voltage output of the at least
one voltage stabilizer circuit has an opposite amplitude
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to the oscillating impulse voltage. In this case the voltage
controller controls the oscillator so that it cancels the rip-
ple voltage.
[0012] In another embodiment the medical instrument
further comprises a computer tomography system. The
computer tomography system is configured for acquiring
first CT data when the X-ray tube is supplied with the first
voltage and for acquiring second CT data when the X-
ray tube is supplied with the second voltage. By varying
the voltage applied to the X-ray tube the spectra of the
X-ray as emitted by the X-ray tube also vary. The first CT
data and the second CT data are then acquired with a
different spectrum of X-rays generated by the X-ray tube.
This then may provide more detailed data about the struc-
ture of the subj ect.
[0013] In another embodiment the medical instrument
further comprises a processor for controlling the compu-
ter tomography system. The medical instrument further
comprises a memory for storing machine-executable in-
structions. Execution of the machine-executable instruc-
tions causes the processor to reconstruct a multispectral
CT image using the first CT data and the second CT data.
This embodiment may be beneficial because the voltage
stabilizer circuit may provide for a better separation of
the X-ray spectral data into the first CT data and the sec-
ond CT data.
[0014] In another embodiment the at least one voltage
stabilizer circuit comprises an H-bridge amplifier. An H-
bridge circuit as used herein encompasses a circuit that
uses four switches to reverse the polarity of a power sup-
ply which is connected. The H-bridge amplifier may then
provide an inexpensive means of providing the oscillator.
[0015] In another embodiment the at least one voltage
stabilizer circuit comprises a half H-bridge amplifier. A
half H-bridge amplifier is similar to an H-bridge amplifier
but in this case only two switches are needed. Instead
of reversing the polarity of the amplifier connected the
half H-bridge amplifier is connected using the same po-
larity but only for a portion of the wave cycle.
[0016] In another embodiment the X-ray power supply
is unipolar power supply with a single output to provide
the output voltage. The at least one voltage stabilizer
circuit is a single voltage stabilizer circuit. The voltage
stabilizer circuit is capacitively coupled to the single out-
put. For example, the transformer of the voltage stabilizer
circuit may be coupled to the single output via a capacitor.
[0017] In another embodiment the X-ray power supply
is a bipolar power supply with a first output and a second
output to provide the output voltage. The at least one
voltage stabilizer circuit is a first voltage stabilizer and a
second voltage stabilizer circuit. The first voltage stabi-
lizer is capacitively coupled to the first output. The second
voltage stabilizer is capacitively coupled to the second
output.
[0018] In another embodiment the medical instrument
comprises a voltage controller configured for controlling
the amplitude and the phase of the oscillator of each of
the at least one voltage stabilizer. For example, the volt-

age controller may control the oscillator such that it am-
plitude of the voltage produced is the opposite of the am-
plitude of the ripple voltage. The ripple voltage will be
cancelled then. Equivalently the voltage controller may
also be used for controlling the duty cycle if the voltage
stabilizer circuit comprises H-bridge or half H-bridge am-
plifiers. The voltage controller comprises a voltage sen-
sor configured for measuring the oscillating input impulse
voltage. The voltage sensor may be implemented in dif-
ferent ways but a very typical means is to use a capacitive
voltage divider. The voltage controller is configured for
adjusting the amplitude of the at least one voltage stabi-
lizer to minimize the oscillating input voltage. This em-
bodiment may be beneficial because it may provide for
a better stabilization of the first voltage and the second
voltage.
[0019] In another embodiment the magnetic core is a
nanomagnetic core.
[0020] In another embodiment the magnetic core is an
amorphous alloy core.
[0021] In another embodiment the magnetic core is a
permalloy core.
[0022] In another embodiment the magnetic core has
a relative permeability greater than 5,000. Having a rel-
ative permeability greater than 5,000 may be beneficial
because this may provide for a transformer core which
saturates early enough to protect the oscillator circuits
from the oscillating input impulse voltage.
[0023] In another embodiment the magnetic core has
a relative permeability greater than 20,000. This embod-
iment may be even better at protecting the oscillator cir-
cuits than when the relative permeability is greater than
5,000.
[0024] In another embodiment the ripple frequency is
between 30 kHz and 200 kHz.
[0025] In another embodiment the ripple frequency is
between 50 kHz and 150 kHz.
[0026] In another embodiment the ripple frequency is
between 75 kHz and 100 kHz.
[0027] In another embodiment the first voltage is be-
tween 50 kV and 105 kV. The second voltage is between
110 kV and 200 kV.
[0028] In another embodiment the first voltage is be-
tween 70 kV and 90 kV. The second voltage is between
120 kV and 160 kV. The voltage range between 70 and
90 kV for the first voltage and the second voltage being
between 120 and 160 kV may be beneficial because it
may provide for a good separation between the X-ray
spectral data acquired at the first voltage and the second
voltage.
[0029] In another embodiment the medical instrument
further comprises a tube arc protection circuit in parallel
with the transformer. This may be beneficial because it
may provide for an additional means of protecting the
voltage stabilizer circuits. For example, diodes may be
used in case the voltage exceeds a value which might
damage the at least one voltage stabilizer circuit.
[0030] In another embodiment the tube arc protection
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circuit is a rectifier circuit. The use of a rectifier circuit
may be beneficial because it provides a cost-effective
circuit which may provide excellent ability to protect the
at least one voltage stabilizer circuit.
[0031] In another embodiment the medical instrument
comprises an X-ray power supply high voltage isolation
tank. The amplifier is within the X-ray power supply high
voltage isolation tank. The at least one voltage stabilizer
circuit is within the X-ray power supply voltage isolation
tank. This embodiment may be beneficial because the
at least one voltage stabilizer circuit may for example be
powered by the power for the X-ray power supply. This
may also provide an effective means of upgrading an
existing system. The X-ray power supply and the addi-
tional functionality of the at least one voltage stabilizer
circuit can be added at the same time.
[0032] In another embodiment the medical instrument
comprises an X-ray tube high voltage isolation tank. The
X-ray tube high voltage isolation tank is configured to
receive the X-ray tube. The at least one voltage stabilizer
circuit is within the X-ray high voltage isolation tank. This
embodiment may be beneficial because the voltage sta-
bilizer circuits are provided directly at the point where the
X-ray tube is.
[0033] In another embodiment the at least one voltage
stabilizer circuit comprises an energy extraction circuit
configured for powering the at least one voltage stabilizer
circuit from changes between the first voltage and the
second voltage. This embodiment is beneficial because
the voltage stabilizer circuits can be added to the medical
instrument without any additional power supply being
needed. This for example may be particularly beneficial
when the at least one voltage stabilizer circuit are added
within the X-ray tube high voltage isolation tank.
[0034] In another aspect the invention provides for a
method of operating a medical instrument. The medical
instrument comprises an X-ray power supply. The X-ray
power supply is configured to provide an output voltage
that repeatedly switches between a first voltage and a
second voltage. The X-ray power supply is configured
for powering an X-ray tube with the output voltage to pro-
duce X-rays. Switching between the first voltage and the
second voltage generates an oscillating input impulse
voltage superimposed on the output voltage. The oscil-
lating input voltage has a ripple frequency.
[0035] The medical instrument further comprises at
least one voltage stabilizer circuit for stabilizing the first
voltage and the second voltage. The at least one voltage
stabilizer circuit comprises an oscillator and a transform-
er. The transformer is configured for coupling the at least
one voltage stabilizer circuit to the output voltage. The
oscillator is configured for oscillating at a voltage stabi-
lizer frequency. The voltage stabilizer frequency matches
the ripple frequency. The transformer comprises a mag-
netic core configured for eliminating coupling of oscillat-
ing impulse voltage to the at least one voltage stabilizer
circuit.
[0036] The method comprises powering the X-ray tube

by using the X-ray power supply to supply the output
voltage. The method further comprises reducing the os-
cillating impulse voltage using the at least one stabilizer
circuit.
[0037] It is understood that one or more of the afore-
mentioned embodiments of the invention may be com-
bined as long as the combined embodiments are not mu-
tually exclusive.
[0038] As will be appreciated by one skilled in the art,
aspects of the present invention may be embodied as an
apparatus, method or computer program product. Ac-
cordingly, aspects of the present invention may take the
form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident soft-
ware, microcode, etc.) or an embodiment combining soft-
ware and hardware aspects that may all generally be
referred to herein as a "circuit," "module" or "system."
Furthermore, aspects of the present invention may take
the form of a computer program product embodied in one
or more computer readable medium(s) having computer
executable code embodied thereon.
[0039] Any combination of one or more computer read-
able medium(s) may be utilized. The computer readable
medium may be a computer readable signal medium or
a computer readable storage medium. A ’computer-read-
able storage medium’ as used herein encompasses any
tangible storage medium which may store instructions
which are executable by a processor of a computing de-
vice. The computer-readable storage medium may be
referred to as a computer-readable non-transitory stor-
age medium. The computer-readable storage medium
may also be referred to as a tangible computer readable
medium. In some embodiments, a computer-readable
storage medium may also be able to store data which is
able to be accessed by the processor of the computing
device. Examples of computer-readable storage media
include, but are not limited to: a floppy disk, a magnetic
hard disk drive, a solid state hard disk, flash memory, a
USB thumb drive, Random Access Memory (RAM), Read
Only Memory (ROM), an optical disk, a magneto-optical
disk, and the register file of the processor. Examples of
optical disks include Compact Disks (CD) and Digital Ver-
satile Disks (DVD), for example CD-ROM, CD-RW, CD-
R, DVD-ROM, DVD-RW, or DVD-R disks. The term com-
puter readable-storage medium also refers to various
types of recording media capable of being accessed by
the computer device via a network or communication link.
For example, a data may be retrieved over a modem,
over the internet, or over a local area network. Computer
executable code embodied on a computer readable me-
dium may be transmitted using any appropriate medium,
including but not limited to wireless, wire line, optical fiber
cable, RF, etc., or any suitable combination of the fore-
going.
[0040] A computer readable signal medium may in-
clude a propagated data signal with computer executable
code embodied therein, for example, in baseband or as
part of a carrier wave. Such a propagated signal may
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take any of a variety of forms, including, but not limited
to, electro-magnetic, optical, or any suitable combination
thereof. A computer readable signal medium may be any
computer readable medium that is not a computer read-
able storage medium and that can communicate, prop-
agate, or transport a program for use by or in connection
with an instruction execution system, apparatus, or de-
vice.
[0041] ’Computer memory’ or ’memory’ is an example
of a computer-readable storage medium. Computer
memory is any memory which is directly accessible to a
processor. ’Computer storage’ or ’storage’ is a further
example of a computer-readable storage medium. Com-
puter storage is any non-volatile computer-readable stor-
age medium. In some embodiments computer storage
may also be computer memory or vice versa.
[0042] A ’processor’ as used herein encompasses an
electronic component which is able to execute a program
or machine executable instruction or computer executa-
ble code. References to the computing device comprising
"a processor" should be interpreted as possibly contain-
ing more than one processor or processing core. The
processor may for instance be a multi-core processor. A
processor may also refer to a collection of processors
within a single computer system or distributed amongst
multiple computer systems. The term computing device
should also be interpreted to possibly refer to a collection
or network of computing devices each comprising a proc-
essor or processors. The computer executable code may
be executed by multiple processors that may be within
the same computing device or which may even be dis-
tributed across multiple computing devices.
[0043] Computer executable code may comprise ma-
chine executable instructions or a program which causes
a processor to perform an aspect of the present invention.
Computer executable code for carrying out operations
for aspects of the present invention may be written in any
combination of one or more programming languages, in-
cluding an object oriented programming language such
as Java, Smalltalk, C++ or the like and conventional pro-
cedural programming languages, such as the "C" pro-
gramming language or similar programming languages
and compiled into machine executable instructions. In
some instances the computer executable code may be
in the form of a high level language or in a pre-compiled
form and be used in conjunction with an interpreter which
generates the machine executable instructions on the fly.
[0044] The computer executable code may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or en-
tirely on the remote computer or server. In the latter sce-
nario, the remote computer may be connected to the us-
er’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN),
or the connection may be made to an external computer
(for example, through the Internet using an Internet Serv-
ice Provider).

[0045] Aspects of the present invention are described
with reference to flowchart illustrations and/or block dia-
grams of methods, apparatus (systems) and computer
program products according to embodiments of the in-
vention. It is understood that each block or a portion of
the blocks of the flowchart, illustrations, and/or block di-
agrams, can be implemented by computer program in-
structions in form of computer executable code when ap-
plicable. It is further under stood that, when not mutually
exclusive, combinations of blocks in different flowcharts,
illustrations, and/or block diagrams may be combined.
These computer program instructions may be provided
to a processor of a general purpose computer, special
purpose computer, or other programmable data process-
ing apparatus to produce a machine, such that the in-
structions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts spec-
ified in the flowchart and/or block diagram block or blocks.
[0046] These computer program instructions may also
be stored in a computer readable medium that can direct
a computer, other programmable data processing appa-
ratus, or other devices to function in a particular manner,
such that the instructions stored in the computer readable
medium produce an article of manufacture including in-
structions which implement the function/act specified in
the flowchart and/or block diagram block or blocks.
[0047] The computer program instructions may also
be loaded onto a computer, other programmable data
processing apparatus, or other devices to cause a series
of operational steps to be performed on the computer,
other programmable apparatus or other devices to pro-
duce a computer implemented process such that the in-
structions which execute on the computer or other pro-
grammable apparatus provide processes for implement-
ing the functions/acts specified in the flowchart and/or
block diagram block or blocks.
[0048] A ’user interface’ as used herein is an interface
which allows a user or operator to interact with a com-
puter or computer system. A ’user interface’ may also be
referred to as a ’human interface device.’ A user interface
may provide information or data to the operator and/or
receive information or data from the operator. A user in-
terface may enable input from an operator to be received
by the computer and may provide output to the user from
the computer. In other words, the user interface may al-
low an operator to control or manipulate a computer and
the interface may allow the computer indicate the effects
of the operator’s control or manipulation. The display of
data or information on a display or a graphical user in-
terface is an example of providing information to an op-
erator. The receiving of data through a keyboard, mouse,
trackball, touchpad, pointing stick, graphics tablet, joy-
stick, gamepad, webcam, headset, pedals, wired glove,
remote control, and accelerometer are all examples of
user interface components which enable the receiving of
information or data from an operator.
[0049] A ’hardware interface’ as used herein encom-
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passes an interface which enables the processor of a
computer system to interact with and/or control an exter-
nal computing device and/or apparatus. A hardware in-
terface may allow a processor to send control signals or
instructions to an external computing device and/or ap-
paratus. A hardware interface may also enable a proc-
essor to exchange data with an external computing de-
vice and/or apparatus. Examples of a hardware interface
include, but are not limited to: a universal serial bus, IEEE
1394 port, parallel port, IEEE 1284 port, serial port, RS-
232 port, IEEE-488 port, Bluetooth connection, Wireless
local area network connection, TCP/IP connection, Eth-
ernet connection, control voltage interface, MIDI inter-
face, analog input interface, and digital input interface.
[0050] A ’display’ or ’display device’ as used herein
encompasses an output device or a user interface adapt-
ed for displaying images or data. A display may output
visual, audio, and or tactile data. Examples of a display
include, but are not limited to: a computer monitor, a tel-
evision screen, a touch screen, tactile electronic display,
Braille screen,
[0051] Cathode ray tube (CRT), Storage tube, Bi-sta-
ble display, Electronic paper, Vector display, Flat panel
display, Vacuum fluorescent display (VF), Light-emitting
diode (LED) displays, Electroluminescent display (ELD),
Plasma display panels (PDP), Liquid crystal display
(LCD), Organic light-emitting diode displays (OLED), a
projector, and Head-mounted display.
[0052] Computed Tomography (CT) data is defined
herein as being the recorded X-ray measurements. CT
data may be reconstructed by a computer into one or
more tomographic images, which can be visualized using
a computer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] In the following preferred embodiments of the
invention will be described, by way of example only, and
with reference to the drawings in which:

Fig. 1 illustrates an example of a medical instrument;
Fig. 2 illustrates a further example of a medical in-
strument;
Fig. 3 illustrates a further example of a medical in-
strument;
Fig. 4 illustrates a further example of a medical in-
strument;
Fig. 5 illustrates a further example of a medical in-
strument;
Fig. 6 illustrates an example of a voltage stabilizer
circuit;
Fig. 7 illustrates a further example of a medical in-
strument;
Fig. 8 shows a flow chart which illustrates a method
of operating the medical instrument of Fig. 1, 2, 3,
4, 5, 6, or 8; and
Fig. 9 illustrates a further example of a medical in-
strument.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0054] Like numbered elements in these figures are
either equivalent elements or perform the same function.
Elements which have been discussed previously will not
necessarily be discussed in later figures if the function is
equivalent.
[0055] Fig. 1 illustrates an example of a medical instru-
ment 100. The medical instrument is shown as compris-
ing an X-ray power supply 102. The medical instrument
also comprises a voltage stabilizer circuit 104. Addition-
ally, an X-ray tube 106 is shown. The X-ray power supply
102 has a single output 108 that is connected to the X-
ray tube 106. The X-ray power supply 102 is configured
for powering the X-ray tube 106 by producing a voltage
supply that switches between a first voltage and a second
voltage. This causes a difference in the spectra of X-rays
emitted by the X-ray tube 106.
[0056] The oscillation between the first voltage and the
second voltage causes an oscillating impulse voltage that
is superimposed on the output voltage on the single out-
put 108. Voltage stabilizer circuit 104 reduces this effect.
The voltage stabilizer circuit 104 comprises an oscillator
110 and a transformer with a core 112. The transformer
with the core 112 is used to couple the oscillator 110 to
the single output 108. In this example the transformer
112 is coupled to the single output 108 using a coupling
capacitor 114.
[0057] Fig. 2 illustrates an additional example of a med-
ical instrument 200. The example illustrated in Fig. 2 is
similar to that illustrated in Fig. 1. In Fig. 2 the dashed
line 202 represents the X-ray tube high voltage isolation
tank 202. In this example the voltage stabilizer circuit 104
is located within the X-ray tube high voltage isolation tank
202. In some examples there may be an external power
supply provided to the oscillator 110. In other examples
there may be a rectifier circuit attached to the transformer
with the core 112 so that the oscillations between the first
voltage and the second voltage on the single output 108
may be used to generate or self-power the voltage sta-
bilizer circuit 104. This would be particularly advanta-
geous as the voltage stabilizer circuit 104 can be inte-
grated into the X-ray tube high voltage isolation tank 202
without needing an additional power supply.
[0058] Fig. 3 illustrates a further example of the med-
ical instrument 300. The example illustrated in Fig. 3 is
similar to the example as illustrated in Figs. 1 and 2. How-
ever, in Fig. 3 the dashed line 302 represents the X-ray
power supply high voltage isolation tank 302. In this ex-
ample the voltage stabilizer circuit 104 is located within
the X-ray power supply high voltage isolation tank 302.
In this example the voltage stabilizer circuit 104 could be
self-powered but there will also be power for the X-ray
power supply 102 which is available. Fig. 3 may be a
convenient means of upgrading an existing system with
an improved power supply comprising a voltage stabilizer
circuit 104.
[0059] Fig. 4 illustrates a further example of a medical
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instrument 400. The example shown in Fig. 4 is similar
to the previous examples 1, 2 and 3 except in this exam-
ple the X-ray power supply 102’ is a bipolar power supply
which has a first output 108’ and a second output 108".
The X-ray power supply 102 in Figs. 1, 2 and 3 is a uni-
polar power supply.
[0060] In the example illustrated in Fig. 4 there is a first
voltage stabilizer circuit 104 that is capacitively coupled
to the first output 108’ and there is a second voltage sta-
bilizer circuit 104" that is capacitively coupled to the sec-
ond output 108".
[0061] The X-ray tube 106 in the example in Fig. 4 is
configured for being powered by the bipolar X-ray power
supply 102’.
[0062] The first and second voltage stabilizer circuits
104’ and 104" may be placed within the X-ray tube high
voltage isolation tank 202 as is illustrated in Fig. 2 or the
X-ray power supply high voltage isolation tank 302 as is
illustrated in Fig. 3.
[0063] Fig. 5 illustrates a further example of a medical
instrument 500. The example illustrated in Fig. 5 is a mod-
ification of the example illustrated in Fig. 1. In this exam-
ple there is a tube arc protection circuit 502 that is at-
tached in parallel to the transformer with the core 112.
Additionally, between the coupling capacitor 114 and the
transformer 112 is an additional resistive element 504.
The resistive element 504 may for example be an induct-
ance, a resistance or a combination (preferably in series)
of a resistance and an inductance. The tube arc protec-
tion circuit 502 and the resistive element 504 help to pro-
tect the voltage stabilizer circuit 104 from over-voltages
in the single output 108. The tube arc protection circuit
502 may for example include a rectifier circuit comprising
at least one relatively large capacitance to limit, also by
the use of an inductance in 504 limiting the maximum
current to for example a few kA, the maximum voltage
building up to a normal maximum operating voltage over
the terminals of 502 in case of a voltage peak on 108.
Such a circuit can be built from a 4-diode rectifier and a
single capacitor, or two individual (opposite in relation to
each other) circuits each consisting of a single capacitor
in series with a single diode. Such a protection circuit
may not be needed if sufficient damping is available.
[0064] Fig. 6 illustrates an example of the voltage sta-
bilizer circuit 104. In this example the voltage stabilizer
circuit is a self-powered H-bridge circuit. The transformer
of the core 112 is connected to a group of switches 600,
602, 604, 606 and diodes 608. The switches 600, 602,
604, and 606 are the switches for the H-bridge circuit,
and can for example be transistors or MOSFETs. The
diodes 608 form a rectifier that may be used for powering
the H-bridge circuit 620. There is a storage capacitor 610
which is used to store energy. Also connected is 612
which is the transistor gate electronics used to control
the switches 600, 602, 604, and 606. At start up for ex-
ample, the switches 600, 602, 604, and 606 may all be
left open and a voltage will build up on the capacitor 610.
After a few volts of the DC link voltage have built up, the

pair of switches 604 and 606, or the pair of switches 600
and 602, or the pair of switches 600 and 606, or the pair
of switches 602 and 604 may be closed to start operation
of the H-bridge formed by switches 601-604; subse-
quently the selected pair of switches as determined by
transistor gate electronics 612 will be activated in order
to produce a counteracting ripple. As the operation drains
the capacitor 610, periodically the operation of the H-
bridge may be interrupted until enough power for the op-
eration of the entire H-bridge circuit is available, prefer-
ably at times where the circuitry is not needed or when
the ripple is below a certain threshold.
[0065] Fig. 7 illustrates a further example of a medical
instrument 700. The medical instrument 700 is similar to
the medical instrument 500 in Fig. 5. Additionally, there
is a voltage sensor 702 to measure the current voltage
on the single output 108. There is also a voltage controller
704 which may contain a processor or other control cir-
cuitry to control the amplitude of the signal produced by
the oscillator 110. The voltage sensor 702 could for ex-
ample be a capacitive voltage divider or resistive voltage
divider. The voltage controller 704 may also be incorpo-
rated into the transistor gate electronics 612 (inside 104)
of Fig. 6. The voltage controller 704 may be advanta-
geous because it may be used to measure and be used
to more accurately correct for the oscillating impulse volt-
age.
[0066] Fig. 8 shows a flowchart which illustrates a
method of operating the medical instrument 100, 200,
300, 400, 500, or 700, illustrated in any of Figs. 1-7. In
step 800 the X-ray tube is powered using the X-ray power
supply 102, 102’ to supply the output voltage. This output
voltage is going between a first voltage and a second
voltage. This switching between the first voltage and the
second voltage results in an oscillating input voltage that
has a ripple frequency. Next in step 802 the oscillating
impulse voltage is reduced by using the at least one volt-
age stabilizer circuit 104, 104’, 104". The method illus-
trated in Fig. 8 may for example be useful for powering
an X-ray tube on a CT or computer tomography system
using multiple X-ray spectrums. The change in the volt-
age between the first voltage and the second voltage
causes the emitted spectra of the X-ray tube 106 to
change.
[0067] Fig. 9 illustrates a further example of a medical
instrument 900. The medical instrument contains circuit-
ry similar to that illustrated in Figs. 1, 2, 3, 4, 5, 7. How-
ever, the medical instrument 900 additionally comprises
a CT or computer tomography system 902. The CT sys-
tem 902 comprises a rotating gantry 904. The gantry 904
rotates about an axis of rotation 906. There is a subject
908 reposing on a subject support 910. Within the gantry
904 is the X-ray tube high voltage isolation tank 202. In
one variation, this is the location of the X-ray tube 106
and the voltage stabilizer circuit 104. This is however
only exemplary. In another variation the voltage stabilizer
circuit 104 could be located within the X-ray power supply
102 as is illustrated in Fig. 3 or it may be located external
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to both the X-ray power supply 102 and the X-ray tube
high voltage isolation tank 202.
[0068] The X-ray tube 106 produces X-rays 914 that
pass through the subject 908 and are received by a de-
tector 912. Within the area of the box 916 is an imaging
zone where CT or computer tomography images of the
subject 908 can be made. The CT system 902 is shown
as being controlled by computer system 920. The com-
puter 920 comprises a processor 922. The processor is
in communication with a hardware interface 924, a user
interface 926 and a memory 928. The hardware interface
924 allows the processor 922 to exchange messages
and control the CT system 902.
[0069] The memory 928 is shown as containing ma-
chine-executable instructions 930. The machine-execut-
able instructions 930 enable the processor 922 to control
the CT system 902 as well as perform various data anal-
ysis and computing functions. The memory 928 is further
shown as containing CT system control commands 932.
The CT system control commands 932 are used by the
processor 922 to control the CT system 902 to acquire
computer tomography data. The memory 928 is shown
as containing first CT data 934 and second CT data 936
that were acquired by controlling the CT system 902 with
the CT system control commands 932. The first CT data
934 was acquired when the X-ray power supply 102 was
supplying the first voltage to the X-ray tube 106. The sec-
ond CT data 936 was acquired when the X-ray power
supply 102 was supplying the second voltage to the X-
ray tube 106. The memory 928 further shows a multi-
spectral CT image or data 938 that has been reconstruct-
ed from the first CT data and the second CT data 934,
936 respectively. An advantage of using the voltage sta-
bilizer circuit 104 is that the quality of the multispectral
CT image 938 may be improved.
[0070] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments.
[0071] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. A single processor or
other unit may fulfill the functions of several items recited
in the claims. The mere fact that certain measures are
recited in mutually different dependent claims does not
indicate that a combination of these measured cannot be
used to advantage. A computer program may be
stored/distributed on a suitable medium, such as an op-
tical storage medium or a solid-state medium supplied
together with or as part of other hardware, but may also
be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems. Any
reference signs in the claims should not be construed as

limiting the scope.

LIST OF REFERENCE NUMERALS

[0072]

100 medical insturmnet
102 X-ray power supply
102’ bipolar X-ray power supply
104 voltage stabilizer circuit
104’ first voltage stablizer circuit
104" second voltage stablizer circuit
106 X-ray tube
108 single output
108’ first output
108" second output
110 oscillator
112 transformer with core
114 coupling capacitor
200 medical instrument
202 X-ray tube high voltage isolation tank
300 medical instrument
302 X-ray power supply high voltage isolation tank
400 medical instrument
500 medical instrument
502 tube arc protection circuit
504 resistive element
600 switch T1
602 switch T2
604 switch T3
606 switch T4
608 diodes
610 storage capacitor
612 transistor gate electronics
700 medical instrument
702 voltage sensor
704 voltage controller
800 powering the X-ray tube by using the X-ray pow-
er supply to supply the output voltage
802 reducing the oscillating impulse voltage using
the at least one voltage stabilizer circuit
900 medical instrument
902 CT system
904 gantry
906 axis of rotation
908 subject
910 subject support
912 detector
914 X-rays
916 imaging zone
920 computer
922 processor
924 hardware interface
926 user interface
928 memory
930 machine executable instructions
932 CT system control commands
934 first CT data
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936 second CT data
938 multi spectral CT image

Claims

1. A medical instrument (100, 200, 300, 400, 500, 700,
900) comprising an X-ray power supply (102, 102’),
wherein the X-ray power supply is configured to pro-
vide an output voltage that repeatedly switches be-
tween a first voltage and a second voltage, wherein
the X-ray power supply is configured for powering
an X-ray tube (106) with the output voltage to pro-
duce X-rays, wherein switching between the first
voltage and the second voltage generates an oscil-
lating impulse voltage superimposed on the output
voltage, wherein the oscillating impulse voltage has
a ripple frequency,
wherein the medical instrument further comprises at
least one voltage stabilizer circuit (104, 104’, 104")
for stabilizing the first voltage and the second volt-
age, wherein the at least one voltage stabilizer circuit
comprises an oscillator (110) and a transformer
(112), wherein the transformer is configured for cou-
pling the at least one voltage stabilizer circuit to the
output voltage, wherein the oscillator is configured
for oscillating at a voltage stabilizer frequency,
wherein the voltage stabilizer frequency matches the
ripple frequency, wherein the transformer comprises
a magnetic core (112) configured for limiting coupling
of the oscillating impulse voltage to the at least one
voltage stabilizer circuit.

2. The medical instrument of claim 1, wherein the med-
ical instrument further comprises a computed tom-
ography system (902), wherein the computed tom-
ography system is configured for acquiring first CT
data (834) when the X-ray tube is supplied with the
first voltage and for acquiring second CT data (936)
when the X-ray tube is supplied with the second volt-
age.

3. The medical instrument of claim 1 or 2, wherein the
at least one voltage stabilizer circuit comprises any
one of the following: an h-bridge amplifier and a half
h-bridge amplifier.

4. The medical instrument of any one of the preceding
claims, wherein any one of the following:

- the X-ray power supply is a unipolar power sup-
ply (102) with a single output (108) to provide
the output voltage, wherein the at least one volt-
age stabilizer circuit is a single voltage stabilizer
circuit (104), and wherein the voltage stabilizer
circuit is capacitively coupled to the single out-
put; and
- the X-ray power supply is a bipolar power (102’)

supply with a first output (108’) and a second
output (108") to provide the output voltage,
wherein the at least one voltage stabilizer is a
first voltage stabilizer (104’) and a second volt-
age stabilizer (104"), wherein the first voltage
stabilizer is capacitively coupled to the first out-
put, and wherein the second voltage stabilizer
is capacitively coupled to the second output.

5. The medical instrument of any one of the preceding
claim, wherein the medical instrument comprises a
voltage controller (704) configured for controlling the
amplitude and the phase of the oscillator of each of
the at least one voltage stabilizer, wherein the volt-
age controller comprises a voltage sensor (702) con-
figured for measuring the oscillating impulse voltage,
wherein the voltage controller is configured for ad-
justing the amplitude and the phase of the at least
one voltage stabilizer to minimize the oscillating im-
pulse voltage.

6. The medical instrument of any one of the preceding
claims, wherein the magnetic core is any one of the
following: a nano-magnetic core, an amorphous al-
loy core, and a permalloy core and/or wherein the
magnetic core has a relative permeability greater
than 5000, preferably greater than 20000.

7. The medical instrument of any one of the preceding
claims, wherein the ripple frequency is any one of
the following: between 30 kHz and 200 kHz, between
50 kHz and 150 kHz, and between 75 kHz and 100
kHz.

8. The medical instrument of any one of the preceding
claims:

- wherein the first voltage is between 50 kV and
105 kV, wherein the second voltage is between
110 kV and 200 kV; and
- wherein the first voltage is between 70 kV and
90 kV, wherein the second voltage is between
120 kV and 160 kV.

9. The medical instrument of any one of the preceding
claims, wherein the medical instrument further com-
prises a tube arc protection circuit (502) in parallel
with the transformer.

10. The medical instrument of claim 9, wherein the tube
arc protection circuit is a rectifier circuit.

11. The medical instrument of any one of the preceding
claims, wherein the medical instrument comprises
an X-ray power supply high voltage isolation tank
(302) wherein the amplifier is within the an X-ray
power supply high voltage isolation tank, and where-
in the at least one voltage stabilizer circuit is within
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the X-ray power supply high voltage isolation tank.

12. The medical instrument of any one of the preceding
claims, wherein the medical instrument comprises
an X-ray tube high voltage isolation tank (202),
wherein the X-ray tube high voltage isolation tank is
configured to receive the X-ray tube, and wherein
the at least one least one voltage stabilizer circuit is
within the X-ray high voltage isolation tank.

13. The medical instrument of any one of the preceding
claims, wherein the at least one voltage stabilizer
circuit comprises an energy extraction circuit (608,
610) configured for powering the at least one voltage
stabilizer circuit from changes between the first volt-
age and the second voltage.

14. A method of operating a medical instrument (100,
200, 300, 400, 500, 700, 900), wherein the medical
instrument comprises an X-ray power supply (102,
102’), wherein the X-ray power supply is configured
to provide an output voltage that repeatedly switches
between a first voltage and a second voltage, where-
in the X-ray power supply is configured for powering
an X-ray tube (106) with the output voltage to pro-
duce X-rays, wherein switching between the first
voltage and the second voltage generates an oscil-
lating impulse voltage superimposed on output volt-
age, wherein the oscillating impulse voltage has a
ripple frequency,
wherein the medical instrument further comprises at
least one voltage stabilizer circuit (104, 104’, 104")
for stabilizing the first voltage and the second volt-
age, wherein the at least one voltage stabilizer circuit
comprises an oscillator and a transformer (112),
wherein the transformer is configured for coupling
the at least one voltage stabilizer circuit to the output
voltage, wherein the oscillator is configured for os-
cillating at a voltage stabilizer frequency, wherein
the voltage stabilizer frequency matches the ripple
frequency, wherein the transformer comprises a
magnetic core (112) configured for limiting coupling
of the oscillating impulse voltage to the at least one
voltage stabilizer circuit;
wherein the method comprises:

- powering (800) the X-ray tube by using the X-
ray power supply to supply the output voltage;
and
- reducing (802) the oscillating impulse voltage
using the at least one voltage stabilizer circuit.
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