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(57) ABSTRACT

The invention relates to a phaco driver system for control-
ling operation of an ophthalmic surgical phacoemulsifica-
tion device. The phaco driver system comprises a resonant
output circuit for generating a transducer voltage for driving
an ultrasonic transducer of the ophthalmic surgical pha-
coemulsification device. Further, the phaco driver system
includes a bridge unit for generating a bridge output signal
for feeding the resonant output circuit, the bridge output
signal being based on a composition of the first and second
phase signals having a fixed mutual phase difference.

wnerating an amplitude command signD

‘i T

Generating a first and seoond phase signal :) _.Qenemﬁng 3 powesr supply for 2 bridge un;‘:)

Generating 3 bridge oitput signal, using the
briddge unit

/ 160

I _ -

Generating a transducer vollage




Patent Application Publication = Mar. 11, 2021 Sheet 1 of 2 US 2021/0069747 A1

Fig. 1

Fig. 2A Fig. 2B Fig. 2C



Patent Application Publication = Mar. 11, 2021 Sheet 2 of 2 US 2021/0069747 A1

foo

jtw {%w
p

3 g ,;P"d.;‘. ) ) &3
m Ge;;erati nga fte(%uencsf ‘mmmand signat 'ﬁ::'.:D C Qenerating érs amplitude m@rnarad sign;‘b
‘L (%o l s
‘ i . y
mﬁanemﬁng afirstand second phase 5§gnai:> ._<:Generating a power sugply for a bridge un;::>

\ [ e

A

Gensrating 2 brisdge output signal, using the -
hrisdge unit

(::; Generating a transducer voltage :>

Fig. 3



US 2021/0069747 Al

PHACO DRIVER SYSTEM, A METHOD AND
A COMPUTER PROGRAM PRODUCT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C. §
119 to Application NL 2023788, filed Sep. 6, 2019, the
contents of which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The invention relates to a phaco driver system.
DESCRIPTION OF RELATED ART
[0003] Phacoemulsification is known as a process for

disintegration of the lens of an eye utilizing a ophthalmic
surgical phacoemulsification device vibrating at ultrasonic
frequencies. Such phacoemulsification device may include
an ultrasonic transducer operatively connected to a needle
having a cutting tip which is vibrated at ultrasonic frequen-
cies to disintegrate cataractic tissue in the eye.

[0004] A phaco driver system controls operation of the
ophthalmic surgical phacoemulsification device, typically
by generating a transducer voltage for driving an ultrasonic
transducer. Thereto, the phaco driver system may include a
resonant output circuit to produce the transducer voltage.
The resonance output circuit can be amplitude controlled by
composing an output signal from a first and a second phase
signal, for feeding the resonance output circuit, the first and
second phase signal having the same frequency and a
variable mutual phase difference so as to dynamically set a
desired amplitude level of the output signal.

SUMMARY OF THE INVENTION

[0005] It is an object of the present invention to provide a
phaco driver system having an improved energy efficiency.
Thereto, according to the invention, a phaco driver system is
provided for controlling operation of an ophthalmic surgical
phacoemulsification device, comprising a resonant output
circuit for generating a transducer voltage for driving an
ultrasonic transducer of the ophthalmic surgical phacoemul-
sification device; a control unit for generating a frequency
command signal having a frequency based on a phase
difference between a sensed current signal and a sensed
voltage signal in the resonant output circuit, and an ampli-
tude command signal having an amplitude that is based on
a time averaged product of the sensed current signal and the
sensed voltage signal; a phase shift unit for generating a first
phase signal and a second phase signal based on the fre-
quency command signal, the first and second phase signals
having the same frequency and a fixed mutual phase differ-
ence; a bridge unit for generating a bridge output signal for
feeding the resonant output circuit, the bridge output signal
being based on a composition of the first and second phase
signals, and a power supply unit for generating a power
supply to the bridge unit, the power supply being propor-
tional to the amplitude of the amplitude command signal.

[0006] The invention is at least partly based on the insight
that a substantial portion of the energy may be included in
high frequency or higher harmonic components in the output
signal composed from the first and second phase signal,
depending on specific dynamic settings of the phase shift
between the first and second phase signal. Generally, high
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frequency components are filtered out in the resonance
output circuit, thus deteriorating the overall energy effi-
ciency of the phaco driver system.

[0007] Advantageously, by fixating the mutual phase dif-
ference of the first and second phase signals, and by pro-
viding a separate power supply being proportional to the
amplitude of an amplitude command signal, an output signal
for feeding the resonant output circuit can be produced that
has less high frequency components to be filtered out, and
therefore more efficiently contributes to the overall perfor-
mance of the phaco driver system.

[0008] Especially, the mutual phase difference of the first
and second phase signals may be fixed at any number of
radians, e.g. ranging between circa 0.5 pi (II) radians and
circa 0.9 pi radians, preferably between circa 0.6 pi radians
and circa 0.8 pi radians, e.g. circa 0.7 pi radians, corre-
sponding to an angle of circa 127 degrees such as 126.72
degrees. Generally, the mutual phase difference of the first
and the second phase signals may be set to a specific phase
difference value to optimize overall energy efficiency of the
phaco driver system.

[0009] An optimal chosen phase difference of the first and
second signal may result in a desired reduction of unwanted
higher harmonic components of the output signal, thereby
improving energy efficiency as the resonant output circuit
needs to perform less filtering. Then, less heat may be
generated. Further, any unwanted electromagnetic fields
such as EMC may be reduced, so as to counteract that the
overall system’s performance and/or other equipment in the
vicinity of the driver or the ophthalmic surgical phacoemul-
sification device is adversely affected.

[0010] In addition, the invention relates to a method.
[0011] Further, the invention relates to a computer pro-
gram product. A computer program product may comprise a
set of computer executable instructions stored on a data
carrier, such as a CD or a DVD. The set of computer
executable instructions, which allows a programmable com-
puter to carry out the method as defined above, may also be
available for downloading from a remote server, for example
via the Internet, e.g. as an app.

[0012] Further advantageous embodiments according to
the invention are described in the following claims.

[0013] It should be noted that the technical features
described above or below may each on its own be embodied
in a system or method, i.e. isolated from the context in which
it is described, separate from other features, or in combina-
tion with only a number of the other features described in the
context in which it is disclosed. Each of these features may
further be combined with any other feature disclosed, in any
combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will now be further elucidated on the
basis of a number of exemplary embodiments and accom-
panying drawings. In the drawings:

[0015] FIG. 1 shows a schematic view of a phaco driver
system according to the invention;

[0016] FIG. 2A shows a diagram including signals in the
system shown in FIG. 1, in a first situation;

[0017] FIG. 2B shows a diagram including signals in the
system shown in FIG. 1, in a second situation;

[0018] FIG. 2C shows a diagram including signals in the
system shown in FIG. 1, in a third situation, and



US 2021/0069747 Al

[0019] FIG. 3 shows a flow chart of a method according to
the invention.
[0020] It is noted that the figures show merely a preferred

embodiment according to the invention. In the figures, the
same reference numbers refer to equal or corresponding
parts.

DETAILED DESCRIPTION

[0021] FIG. 1 shows a schematic view a phaco driver
system 1 according to the invention. The phaco driver
system 1 is arranged for controlling operation of an oph-
thalmic surgical phacoemulsification device 20. The phaco
driver system 1 includes a resonant output circuit 10 for
generating a transducer voltage TV. Said transducer voltage
TV may be used for driving an ultrasonic transducer of the
ophthalmic surgical phacoemulsification device 20, e.g. a
phacoemulsification hand piece device in the embodiment of
FIG. 1.

[0022] The phaco driver system 1 also includes a control
unit 12. The control unit 12 is arranged for generating a
frequency command signal 48 and an amplitude command
signal 46. The frequency command signal 48 has a fre-
quency that is based on a phase difference between a sensed
current signal 42 and a sensed voltage signal 44 in the
resonant output circuit 10. In the embodiment of FIG. 1 the
sensed voltage signal 44 and the sensed current signal 42 are
directly fed from the resonant output circuit 10 to the control
unit 12. The amplitude command signal 46 has an amplitude
that is based on a time averaged product of the sensed
current signal 42 and the sensed voltage signal 44 in the
resonant output circuit 10. Specifically, the amplitude com-
mand signal 46 can be proportional to the product of the root
mean square values of both the sensed current and voltage
signals 42; 44 multiplied by the cosine of the phase differ-
ence between the current and voltage signals 42; 44. As an
alternative, the voltage signal 44 and/or the current signal 42
may be sensed in the ophthalmic surgical phacoemulsifica-
tion device 20 or another device that is powered by the
driver system 1.

[0023] By generating the amplitude command signal 46
based on a time averaged product of the sensed current and
voltage signals 42, 44, one can effectively control the power
delivered to the phacoemulsification device 20 during use, in
particular to account for a change of the impedance of the
phacoemulsification device 20 due to a load.

[0024] Further, the phaco driver system 1 includes a phase
shift unit 14. In the embodiment shown in FIG. 1, the
generated frequency command signal 48 is fed to said phase
shift unit 14. Said phase shift unit 14 of the phaco driver
system 1 is arranged for generating a first phase signal PA
and a second phase signal PB based on the frequency
command signal 48. The first and second phase signals PA,
PB have the same frequency and a fixed mutual phase
difference.

[0025] The phaco driver system 1 also includes a bridge
unit 16 for generating a bridge output signal BO. The bridge
unit 16 may be implemented using an H-bridge or another
bridge unit. The output signal BO may be fed to the resonant
output circuit 10. The bridge output signal BO is based on
a composition of the first and second phase signals PA, PB
that are received from the phase shift unit 14. In the shown
embodiment, the bridge output signal BO is based on the
difference between the first and the second phase signals PA,
PB.
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[0026] The phaco driver system 1 also comprises a power
supply unit 18 for generating a power supply 50 to the bridge
unit 16. The power supply 50 is proportional to the ampli-
tude of the amplitude command signal 46.

[0027] Optionally, the control unit 12 may be connected to
a CPU or programmable computer, as shown in FIG. 1, e.g.
for receiving a further control signal 52. The resonant output
circuit 10 is arranged for filtering out unwanted harmonics
of the bridge output signal BO.

[0028] Generally, the frequency command signal 48, the
amplitude command signal 46, the first and second phase
signal PA, PB, and/or the bridge output BO signal are
implemented as voltage signals. However, in principle, also
current based signals could be applied.

[0029] The first and second phase signals PA, PB gener-
ated by the phase shift unit 14 may be periodic. Optionally,
the first and second phase signals PA, PB may be modulated
by an overall envelope function, e.g. by slowly switching on
and/or off a periodic signal such as an amplitude modulated
signal.

[0030] Preferably, the first and second phase signal PA, PB
are block-shaped, or substantially block-shaped. This is
advantageous as block-shaped signals are easy to generate.
Alternatively, the first and second phase signals PA, PB may
have a sawtooth, sine, or triangle profile, or a linear com-
bination thereof.

[0031] Preferably, the bridge output signal BO is a com-
posed block signal, e.g. taking values in the set {-V, 0, +V}
with V a voltage amplitude related to the amplitude of the
first and second phase signals PA, PB and with respect to a
suitably chosen reference point.

[0032] The fixed mutual phase difference of the first and
second phase signal PA, PB may be any number of radians,
e.g. ranging between circa 0.5 pi (n) radians and circa 0.9 pi
radians, preferably between circa 0.6 pi radians and circa 0.8
pi radians, e.g. circa 0.7 pi radians, corresponding to an
angle of circa 127 degrees such as 126.72 degrees. A phase
difference of circa 0.7 pi radians results in a reduction of
unwanted higher harmonic components of the bridge output
signal BO, thereby improving energy efficiency as the
resonant output circuit needs to perform less filtering. This
also reduces unwanted electromagnetic fields that may be
generated by the resonant output circuit 10, which may
adversely affect the overall system’s performance. The
mutual phase difference of the first and second phase signal
may be determined from a relative time shift of the signals
relative to a time period of said signals.

[0033] The amplitude command signal 46 may also be
based on a user controllable set point. For example, the user
controllable set point can be used to specify a specific range
for the bridge output signal BO, while the control unit 12 can
then control the amplitude within this range. Optionally, the
frequency command signal 48 is based on an additional user
controllable set point. For example, the additional user
controllable set point can be used to specify a narrow
frequency range for the bridge output signal BO, while the
control unit 12 can then control the specific frequency within
this narrow range. The frequency of the bridge output signal
BO can be tuned at or near a resonance frequency of the
ophthalmic surgical phacoemulsification device 20.

[0034] The resonant output circuit 10, the control unit 12,
the phase shift unit 14, the bridge unit 16 and/or the power
supply unit 18 of the phaco driver system 1 may be inte-
grated in a single hardware component. For example, the
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control unit 12 and the phase shift unit 14 may be realized
in an FPGA which is housed within the same chip as the
CPU 52.

[0035] FIGS. 2A, 2B, and 2C show three diagrams includ-
ing signals in the system 1, in a first, second and third
situation, respectively. Here, FIGS. 2A, 2B, and 2C depict
the amplitude of the first and second signals PA, PB, the
bridge output signal BO and the transducer voltage TV as a
function of time. The amplitude of the signals is different for
the three graphs, FIG. 2A, the amplitudes, in the first
situation, having the lowest amplitude, FIG. 2B, the ampli-
tudes, in the second situation, having a higher amplitude
than in FIG. 2A, and FIG. 2C the amplitudes, in the third
situation, having the highest amplitude. The upper block
signal corresponds to the first signal PA, the middle block
signal to the second signal PB, which is shifted relative to
PA by an amount PD. The lowest block signal correspond to
the bridge output signal BO, and is proportional to a
difference of the first and second block signals PA, PB. The
dashed line plotted on top of the bridge output signal BO
corresponds to the transducer voltage TV, corresponding to
the output of the resonant output circuit 10. The mismatch
between the bridge output signal BO and the transducer
voltage TV can be tuned by setting the value of the fixed
mutual phase difference PD between the first and second
signal PA, PB. A measure for the mismatch is given by the
shaded triangles, which are filtered out by the resonant
output circuit 10. Upon switching on the ophthalmic surgical
phacoemulsification device 20 using the phaco driver system
1 one may slowly raise the amplitude of the amplitude
command signal 48, for example by slowly changing from
the first situation shown in FIG. 2A to the second situation
shown in FIG. 2B, and finally to the third situation shown in
FIG. 2C. As an alternative to changing the amplitude, or in
combination with changing the amplitude one may also
slowly change the phase difference PD between the first
signal PA and second signal PB from O radians, yielding zero
bridge output signal BO, to the fixed mutual phase difference
PD, e.g. circa 0.7 pi radians. By fixing the phase difference
PD to a value of circa 0.7 pi radians, the mismatch between
the transducer voltage TV and the bride output signal BO
can be minimized. Hence, operating the system 1 near the
fixed mutual phase difference PD improves the system’s
performance.

[0036] FIG. 3 shows a flow chart of a method according to
the invention. The method is used for controlling operation
of an ophthalmic surgical phacoemulsification device 20.
The method may for example be implemented using the
above-described phaco driver system 1. The method 100
comprises a step 170 of generating, using a resonant output
circuit 10, a transducer voltage TV for driving an ultrasonic
transducer of the ophthalmic surgical phacoemulsification
device 20, a step 120 of generating a frequency command
signal 48 having a frequency based on a phase difference
between a sensed current signal 42 and a sensed voltage
signal 44 in the resonant output circuit 10, a step 130 of
generating an amplitude command signal 46 having an
amplitude that is based on a time averaged product of the
sensed current signal 42 and the sensed voltage signal 44, a
step 140 of generating a first phase signal PA and a second
phase signal PB based on the frequency command signal 48,
the first and second phase signals having the same frequency
and a fixed mutual phase difference PD, a step 150 of
generating a power supply 50 to a bridge unit 16, the power
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supply 50 being proportional to the amplitude of the ampli-
tude command signal 46, and a step 160 of generating, using
the bridge unit 16, a bridge output signal BO for feeding the
resonant output circuit 10, the bridge output BO signal being
based on a composition of the first and second phase signals
PA, PB, e.g. a difference between the first and second phase
signal. The step of generating the frequency command signal
48 and/or the amplitude command signal 46 may be carried
out by a control unit 12, preferably receiving a voltage and
current signal in the resonant output circuit 10, or alterna-
tively in the phacoemulsification device 20. The first and
second phase signals PA, PB may be generated by the phase
shift unit 14 that receives the frequency command signal 48
from the control unit 12. Optionally, the steps of generating
the frequency command signal 48, the amplitude command
signal 46, and/or the phase shift signals PA, PB may be
performed by a single entity, for example an FPGA.

[0037] Further, the steps of generating a frequency com-
mand signal and generating a first and second phase signal
120; 140 can be performed, in principle, independent from
the steps of generating an amplitude command signal and
generating a power supply for a bridge unit 130; 150.
Therefore, in practice, the frequency command signal as
well as the first and second phase signals can be generated
in parallel to the amplitude command signal and the power

supply.

[0038] In a preferred embodiment, the method may
include a step of determining a resistive part of the imped-
ance of the ultrasonic transducer of the ophthalmic surgical
phacoemulsification device 20. The step of determining the
resistive part of the impedance of the ultrasonic transducer
of the ophthalmic surgical phacoemulsification device 20
may be carried out by the control unit 12 or another device.
In a more preferred embodiment, the method may include a
step of variably changing an aspiration vacuum, an irrigation
level and/or ultrasonic power level based on the determined
resistive part of the impedance. By changing the ultrasonic
power level based on the sensed resistive part of the imped-
ance the system can function better, as the system can
account for changes in the impedance due to changing
working conditions. It is noted that the step of variably
changing the aspiration vacuum level, irrigation level, and/
or the ultrasonic power based on a step of determining a
resistive part of the impedance of the phacoemulsification
device 20 can be performed in combination with the method
as defined in claim 8 but also, more generally, in a method
for controlling operation of an ophthalmic surgical pha-
coemulsification device, generating a transducer voltage for
driving an ultrasonic transducer of the ophthalmic surgical
phacoemulsification device. For example, upon measuring
or sensing an increased or decreased resistance, the power
level may be adjusted, to keep the true or real power of the
handpiece substantially constant.

[0039] The step of generating the frequency command
signal 48, generating the amplitude command signal 46,
and/or the first and second phase signals PA, PB can be
performed using dedicated hardware structures, such as
FPGA and/or ASIC components. Otherwise, the method can
at least partially be performed using a computer program
product comprising instructions for causing a processor of a
computer system to perform the above described steps. The
step can in principle be performed on a single processor.
However it is noted that at least a substep can be performed
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on a separate processor, e.g. a substep of generating the
amplitude command signal 46 or the frequency command
signal 48.

[0040] The invention is not restricted to the embodiments
described herein. It will be understood that many variants
are possible.

[0041] These and other embodiments will be apparent for
the person skilled in the art and are considered to fall within
the scope of the invention as defined in the following claims.
For the purpose of clarity and a concise description features
are described herein as part of the same or separate embodi-
ments. However, it will be appreciated that the scope of the
invention may include embodiments having combinations of
all or some of the features described.

1. A phaco driver system for controlling operation of an
ophthalmic surgical phacoemulsification device, compris-
ing:

a resonant output circuit for generating a transducer
voltage for driving an ultrasonic transducer of the
ophthalmic surgical phacoemulsification device;

a control unit for generating:

a frequency command signal having a frequency based
on a phase difference between a sensed current signal
and a sensed voltage signal in the resonant output
circuit, and

an amplitude command signal based on a time averaged
product of the sensed current signal and the sensed
voltage signal;

a phase shift unit for generating a first phase signal and a
second phase signal based on the frequency command
signal, the first and second phase signals having the
same frequency and a fixed mutual phase difference;

a bridge unit for generating a bridge output signal for
feeding the resonant output circuit, the bridge output
signal being based on a composition of the first and
second phase signals, and

a power supply unit for generating a power supply to the
bridge unit, the power supply being controlled by the
amplitude command signal.

2. The phaco driver system according to claim 1, wherein

the first and second phase signals are periodic.

3. The phaco driver system according to claim 1, wherein
the first and second phase signals are block-shaped.

4. The phaco driver system according to claim 1, wherein
the fixed mutual phase difference of the first and second
signals is circa 0.7 pi radians.

5. The phaco driver system according to claim 1, wherein
the bridge output signal is a composed block signal.

6. The phaco driver system according to claim 1, wherein
the amplitude command signal is also based on a user
controllable set point.

7. The phaco driver system according to claim 1, wherein
the resonant output circuit, the control unit, the phase shift
unit, the bridge unit and/or the power supply unit are
integrated in a single hardware component.

8. A method for controlling operation of an ophthalmic
surgical phacoemulsification device, comprising the steps
of:

Mar. 11, 2021

generating, using a resonant output circuit, a transducer
voltage for driving an ultrasonic transducer of the
ophthalmic surgical phacoemulsification device;

generating a frequency command signal having a fre-
quency based on a phase difference between a sensed
current signal and a sensed voltage signal in the reso-
nant output circuit;
generating an amplitude command signal having an
amplitude that is based on a time averaged product of
the sensed current signal and the sensed voltage signal;

generating a first phase signal and a second phase signal
based on the frequency command signal, the first and
second phase signals having the same frequency and a
fixed mutual phase difference;

generating a power supply to a bridge unit, the power

supply being proportional to the amplitude of the
amplitude command signal, and

generating, using the bridge unit, a bridge output signal

for feeding the resonant output circuit, the bridge
output signal being based on a composition of the first
and second phase signals.
9. The method according to claim 8, further comprising a
step of determining a resistive part of the impedance of the
ultrasonic transducer of the ophthalmic surgical phacoemul-
sification device.
10. The method according to claim 9, further comprising
a step of variably changing an aspiration vacuum, an irri-
gation level and/or ultrasonic power level based on the
determined resistive part of the impedance.
11. A computer program product for controlling operation
of an ophthalmic surgical phacoemulsification device, the
computer program product comprising computer readable
code for causing a processor to perform the steps of:
generating, using a resonant output circuit, a transducer
voltage for driving an ultrasonic transducer of the
ophthalmic surgical phacoemulsification device;

generating a frequency command signal having a fre-
quency based on a phase difference between a sensed
current signal and a sensed voltage signal in the reso-
nant output circuit;
generating an amplitude command signal having an
amplitude that is based on a time averaged product of
the sensed current signal and the sensed voltage signal;

generating a first phase signal and a second phase signal
based on the frequency command signal, the first and
second phase signals having the same frequency and a
fixed mutual phase difference;

generating a power supply to a bridge unit, the power

supply being proportional to the amplitude of the
amplitude command signal, and

generating, using the bridge unit, a bridge output signal

for feeding the resonant output circuit, the bridge
output signal being based on a composition of the first
and second phase signals.
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