HUO000030379T2
R
19 HU (1) Lajstromszam: E 030 379 (13 T2
! MAGYARORSZAG
\\\\\\\ Szellemi Tulajdon Nemzeti Hivatala
SZOVEGENEK FORDITASA
(21) Magyar tigyszam: E 12 765183 60 Int.cl..  HO1S 50/68 (2006.01)
(22) A bejelentés napja: 2012. 03. 24. A61B 18/00 (2006.01)
A61B 18/20 (2006.01)
(96) Az eurdpai bejelentés bejelentési szama: A61F 90/08 (2006.01)
EP 20120765183 HO1S 506/83 (2006.01)
(97) Az eurdpai bejelentés kdzzétételi adatai: A61N 50/67 (2006.01)
EP 2688505 A2 2012. 10. 04. HO1S 5/00 (2006.01)
(97) Az eurdpai szabadalom megadasénak meghirdetési adatai: HO1S 5/06 (2006.01)
EP 2688505 B1 2016. 05. 18.
(86) A nemzetkdzi (PCT) bejelentési szam:
PCT/US 12/030480
(87) A nemzetkdzi kdzzétételi szam:
WO 12135074
(30) Elsébbségi adatok: (73) Jogosult(ak):
201161465884 P 2011. 03. 25. us EOS Holdings, LLC, Los Gatos, CA 95033 (US)

(72) Feltalalo(k):
MORDAUNT, David, H., Los Gatos, CA 95033 (US)
EAST, Charles, M., Farmington, UT 84025 (US) (74) Képvisels:
Godolle, Kékes, Mészaros & Szabé
Szabadalmi és Védjegy Iroda, Budapest

(54) Orvosi lézer elektronikus zarral

Az eurdpai szabadalom ellen, megadasanak az Eurdpai Szabadalmi K6zlonyben valé meghirdetésétél szamitott kilenc hénapon bellil,
felszélalast lehet benyujtani az Eurépai Szabadalmi Hivatalnal. (Eurépai Szabadalmi Egyezmény 99. cikk(1))

A forditast a szabadalmas az 1995. évi XXXIII. térvény 84/H. §-a szerint nyujtotta be. A forditas tartalmi helyességét a Szellemi Tulajdon
Nemzeti Hivatala nem vizsgalta.




(19)

Eurcpiisches
Patentarni

EP 2 688 505 B1

Eurcpean
Patent Office

Office européen
des brevets

(1)
EUROPEAN PATENT SPECIFICATION

(12)

(45) Date of publication and mention
of the grant of the patent:
18.05.2016 Bulletin 2016/20

(51) IntCl.:
HO1S 5/068 (2006.01
HO1S 5/06 (2006.07)
AG61F 9/008 (2006.07)
HO1S 5/0683 (2006.07)

HO1S 5/00 (2006.01)
A61B 18/20 (2006.01)
AG1N 5/067 (2006.01)
(1) Aoplcaton number: Tafestass A61B 18/00 (2006.07
(86) International application number:

(22) Date of filing: 24.03.2012
PCT/US2012/030480

(87) International publication number:
WO 2012/135074 (04.10.2012 Gazette 2012/40)

(54) MEDICAL LASER WITH ELECTRONIC SHUTTER
MEDIZINISCHER LASER MIT ELEKTRONISCHEM VERSCHLUSS
LASER MEDICAL DOTE D'UN OBTURATEUR ELECTRONIQUE

(84) Designated Contracting States:
AL AT BE BG CHCY CZDE DKEE ES FIFR GB
GRHRHUIEISITLILT LULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR

* EAST, Charles, M.
Farmington, UT 84025 (US)

(74) Representative: Glas, Holger
Maiwald Patentanwalts GmbH
Elisenhof
Elisenstrasse 3
80335 Miinchen (DE)

(30) Priority: 25.03.2011 US 201161465884 P

(43) Date of publication of application:
29.01.2014 Bulletin 2014/05
(56) References cited:

(73)

(72)

Proprietor: EOS Holdings, LLC
Los Gatos, CA 95023 (US)

Inventors:
MORDAUNT, David, H.
Los Gatos, CA 95033 (US)

EP-A2- 0 425 309
EP-A2- 0 441 709
US-A- 5594748
US-A1- 2009 097 513

EP-A2- 0 425 309
EP-B1- 0 187 853
US-A1- 2007 219 430
US-B1- 6 350 263

EP 2 688 505 B1

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 688 505 B1 2

Description
FIELD OF THE INVENTION

[0001] The invention relates to medical lasers. In par-
ticular, the invention relates to lasers with electronic shut-
ters to safely deliver laser energy for medical applica-
tions.

BACKGROUND OF THE INVENTION

[0002] Medical lasers should be designed to meet
safety standards to mitigate primarily against, for exam-
ple, inadvertent laser exposure to body parts, over ex-
posure with the laser treatment and single component
failure. To achieve these safety standards the currently
accepted standard is to utilize an electronically controlled
mechanical shutter and photodetectors to deliver the la-
ser output as shown in FIG. 1.

[0003] Mechanicalshutters have provento be slowand
potentially unreliable. The mechanism of action for a me-
chanical shutter it to control movement and maintain a
mechanical obstacle in and out of the laser beam path
to prevent treatment laser light being delivered to the
treatmentregion or even exiting the laser enclosure with-
in the device, until appropriate conditions are achieved
for laser delivery. Atturn-on of the device the mechanical
shutter is initially "closed" (or moved into the closed po-
sition), blocking the laser output beam.

[0004] Upon appropriate conditions the shutter is
moved from the "closed-to-open" position, and main-
tained in the "open" position to allow laser delivery and
treatment. Upon a second set of conditions the shutter
is moved from the "open-to-closed" position, and main-
tained in the closed position to prevent laser delivery and
treatment. Some mechanical shutters include a laser ab-
sorber to absorb the laser energy and/or a reflector to
redirect the laser energy from the laser beam path to a
beam dump.

[0005] The movement from "open-to-closed" (or visa
versa) is usually on the order of at least tens of millisec-
onds as a result of the movement of mass from a station-
ary position to a different stationary position and account-
ing for acceleration, deceleration and "de-bouncing”,
coming to rest in the secondary stationary position. Po-
sition sensors are typically required to confirm the shutter
is in an "open", "closed" or "transition" state, and often
redundancy is built around the sensor and/or the shutter
itself. Mechanical shutters are based on moving parts
and as such subjecttowear and tear and potentially stick-
ing in either the "closed" and even more dangerous the
"open" positions, resulting in an error conditions and de-
vice failures.

[0006] A typical traditional system performs a test of
safety mitigations at start-up of the device with the me-
chanical shutter in a "closed" position, blocking external
laserexposure. Such atestinvolves the operation of laser
emission, the operation of photodetectors and test of the
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calibration data. In normal operation, when the user does
not intend to use the laser device, the system is in Stand-
by Mode and the mechanical shutter is closed preventing
inadvertent exposure. When the user desires that the
laser may be used, the user selects the Ready Mode and
the mechanical shutter is opened. The user can then ac-
tivate the laser emission by depressing the Laser Acti-
vation Switch.

[0007] Photodetector signals are monitored by a Safe-
ty Monitor Circuit to manage over power traditional med-
ical laser systems. If over power is detected by the Safety
Monitor Circuit, the mechanical shutter will be closed.
Again, the time scale to stop this over power situation is
at least tens of milliseconds, and hence is one of the
weaknesses of using mechanical shutters.

[0008] To mitigate single component failure in tradi-
tional medical laser a duplication of power monitoring
and safety circuits is used. Accordingly, traditional med-
ical lasers have redundant photodetectors, internal
switches in the Laser Activation Switch and redundancy
on the mechanical shutter and/or sensors within.

[0009] The design of medical lasers has evolved from
high voltage systems to drive gas lasers and arc lamps
to pump the laser material, to high current diodes for di-
rect laser emission and/or to pump laser material. Com-
ing from a high voltage origin, where current sensors are
not used and switching in the main electrical path are not
encouraged, safety mitigations were put in place such
as the mechanical shutter to block the laser light, and
primary safety monitoring was done with photodedectors
to monitoring the laser lightdirectly. In particular, the me-
chanical shutter and photodectectors have persisted with
time and through the evolution of medical laser designs,
further the additional cost, design complexity and safety
monitoring have previously precluded the need to build
further redundancy and the concept of removing the me-
chanical shutter has not been implemented to date.
[0010] An alternative to a mechanical shutter is an op-
tical shutter (for example a Pockels Cells). Rather than
moving a mechanical object into the beam path to control
the transmission of laser energy, an optical component
is placed in the beam path which have the ability to switch
from optically opaque to optically transparent. Optically
opaqueisanalogous to a"closed" shutter position in case
of a mechanical shutter blocking the laser treatment
beam and optically transparent, is analogous to an
"open" shutter position in case of a mechanical shutter,
allowing the laser energy to be delivery to the treatment
region. Optical shutters are typically expensive and have
the potential of being damaged at the laser power levels
utilized for medical treatments and as such are not uti-
lized in medical laser devices.

[0011] Accordingly, thereis aneedinthe arttodevelop
new techniques otherthan mechanical or optical shutters
for monitoring and safely controlling the laser output dur-
ing medical laser treatments. The focus of the present
invention is a medical laser device that utilizes an elec-
tronic shutter and does not include a mechanical or an
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optical shutter.

[0012] US 20092/097513 A1 discloses a medical laser
which does not comprise a mechanical shutter for con-
trolling the laser output, comprising a laser diode source
for delivering the laser output, wherein said laser diode
source receives input from a laser power supply; and
further comprises a solely electronic shutter circuit for
monitoring and safely controlling said laser output,
wherein said electronic shutter circuit comprises a safety
monitor circuit providing input to a solely electronic safety
current switch; afirst current sensor and a second current
sensor, wherein said first current sensor and said second
current sensor both yet independently provide input to
said safety monitor circuit, and wherein said second cur-
rent sensor provides input to said laser power supply;
wherein the first current sensor is used to control the
laser current ata commanded level; and and wherein the
second current sensor is monitored to determine whether
the laser current is greater than that permitted by a limit
resistor. The electronic shutter circuit of this document
includes at least two FET safety switches independent
from the laser power supply, one of which constitutes a
"high-side current switch" being on the positive voltage
side of the laser source, and the other of which constitutes
a "low-side current switch" being on the negative voltage
side of the laser source.

[0013] EP 0425 309 A2 discloses an opthalmic med-
ical laser comprising a laser source for delivering a laser
output, wherein said laser source receives input from a
laser power supply; and an electronic shutter circuit for
monitoring and safely controlling said laser output,
wherein said electronic shutter circuit further comprises
a safety monitor circuit including control electronics; and
a first photodetector and a second photodetector, where-
in said first photodetector and said second photodetector
both yet independently provide input to the control elec-
tronics of the safety monitor circuit, wherein the first pho-
todetector and the second photodetector are each ar-
ranged to monitor a laser emission power; and wherein
the first photodetector is used in a closed loop iteration
to adjust the laser power supply output such that a de-
sired laser emission level is reached, and wherein the
second photodetector is used to monitor for indications
of unsafe conditions. The electronic shutter circuit in-
cludes at least two electronic safety switches independ-
ent from the laser power supply, namely a power MOS-
FET passbank on the positive voltage side of the laser
source, and a crowbar circuit which constitutes a shunt
current switch across the laser source.

SUMMARY OF THE INVENTION

[0014] The invention is defined in claim 1. Embodi-
ments are set out in the dependent claims.

[0015] A medical laser using solely an electronic shut-
ter circuit for controlling the laser output, without any me-
chanical shutter mechanism, is provided for use in clinical
applications. A laser source (e.g. an ophthalmic laser, a
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diode pump solid state laser photocoagulator, or the like)
powered by a laser power supply delivers a laser output.
An electronic shutter circuit monitors and safely controls
the laser output. The electronic shutter circuit is based
on a safety monitor circuit, at least two current sensors,
at least two photodetectors, and a set of electronic safety
switches independent from the laser power supply. The
set of switches is a set of one, two or three electronic
safety switches. In one embodiment, the electronic shut-
ter circuit has a first current sensor and a second current
sensor. The first current sensor and the second current
sensor both yet independently provide input to the safety
monitor circuit, and the second current sensor provides
input to the laser power supply. The electronic shutter
circuit further has afirst photodetector and a second pho-
todetector. The first photodetector and the second pho-
todetector both yet independently provide input to the
safety monitor circuit and both sample the treatment laser
beam. The electronic safety current switches are: (i) a
high-voltage-side current switch, (ii) a low-voltage-side
return current switch, or (iii) a shunt current switch across
the laser source. The switches have a switch response
time on order of 0.1 ms to 0.005 ms for clinical applica-
tions. In another example, the electronic safety current
switches are: (i) a first electronic current safety switch
receiving inputfrom the laser power supply and providing
input to the laser source, (ii) a second electronic current
switchreceiving inputfrom the laser source and providing
return path to the laser power supply, or (iii) a third elec-
tronic current switch across the laser source receiving
input either directly from the laser power supply or indi-
rectly from the laser power supply via the second elec-
tronic current switch. The safety monitor circuit could pro-
vide input to an electronic safety current switch, whereby
the electronic safety current switch is independent from
the laser power supply.

[0016] The medical laser with an electronic shutter ac-
cording to the invention has several advantages com-
pared to medical lasers with mechanical shutters. These
advantages can be defined in terms of the speed of the
electronic shutter, increased reliability, increased safety,
smaller, and less expense. The medical laser according
to the present invention will shut the laser down in less
than 100 microseconds making it far superior to what
would be possible with a typical mechanical shutter which
would take at least 10 ms to disable the laser. Safety and
reliability is a result of an electronic shutter circuit with at
least two current sensors, at least two photodetectors
and asetofone, two or three fast electronic satefy switch-
es. Such a design may also be used in the device for
calibration data and also internally within the laser acti-
vation switch multiple switches to ensure - one switch
held high and one switch held low, i.e. the high-voltage-
side switch requires an active low control signal to acti-
vate while the shunt and low-voltage-side switches re-
quire active high signals to activate.

[0017] Applications of embodiments of the invention
can generally be found in the medical field where lasers



5 EP 2 688 505 B1 6

are used for treatment with emphasis on ocular condi-
tions, laser treatment of diabetic retinopathy, and retina
breaks and tears.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG.1 shows a medical laser device using a mechan-
ical shutter for controlling the laser output ac-
cording to an example in the art.

FIG.2 shows a medical laser device using an elec-
tronic shutter according to a first exemplary
embodiment of the invention.

FIG.3 shows a medical laser device using an elec-

tronic shutter according to a second exemplary
embodiment of the invention.

DETAILED DESCRIPTION

[0019] FIGs. 2-3 show embodiments of the invention
of a medical laser with a laser source powered by a laser
power supply for delivering a laser output and an elec-
tronic shutter circuit for monitoring and safely controlling
the laser output. The electronic shutter circuit entirely
eliminates the need for a mechanical shutter or an optical
shutter while still fullfilling the satefy demands and re-
quirements and yet even improving the safety and control
of a medical laser.

[0020] For the active laser delivery control, the elec-
tronic shutter circuitincludes at least two photodetectors,
at least two current sensors, a safety monitor circuit and
a set of one, two or three fast electronic switches. The
current sensors and photodetectors are used in laser
emission power (or energy) monitoring, its active control,
and in safety controls. Safety control and power monitor-
ing is a result of an electronic shutter circuit with at least
two current sensors, at least two photodetectors and a
set of one, two or three fast electronic satefy switches,
such that in the event of a single component failure, the
device fails yet remains safe, with no laser emission.
[0021] Asshownin FIGs. 2-3, at least two current sen-
sors monitor current flow through the electronic shutter
circuit to prevent a single point failure as this is now a
critical function. A first current sensor is used to control
current atthe commanded level. A second currentsensor
is monitored to assure the current is well below the lasing
threshold while idling. If the current exceeds the inad-
vertent detection threshold current the device disables
current flow with a set of one, two or three fast (i.e. on
order of 0.1 ms to 0.005 ms, and for no clinical effect the
switch could be as slow as about Ims) electronic safety
switches before lasing can occur. The switches in each
set can be a high-side current switch, a low-side return
currentswitch, a shunt current switch, or any combination
thereof. FIG. 2 shows two electronic satefy switches and
a shuntsafety switch. Electron currentflow from negative
to positive indicated by the arrows in FIGs. 2-3. High-
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side is regarded as being on the positive voltage side of
the laser source and vice versa for the low-side. FIG. 3
shows one electronic satefy switch, which is a low-side
switch. The electronic high-side current switch has con-
trol of the switching power supply that provides current
flow through the laser source, and thus laser emission
from the laser source. To control laser delivery, this
switch has the function of enabling or disable the high
side current from the power supply. The electronic low-
side return current switch has control to enable or disable
the direct connection from low-side of the laser source
thus actively controlling the current flow and thus laser
emission of the laser source.

[0022] The electronic shunt (short-circuit) current
switch shorts across the laser source shunting any cur-
rent that would otherwise conduct through the laser
source directly to ground thus disabling laser emission.
[0023] AsshowninFIGs. 2-3, at leasttwo photodetec-
tors monitor the laser emission power (or energy). These
photodetectors are used to prevent a single point failure.
According to the embodiments of FIGs. 2-3, a first pho-
todetector is used to control the laser source current via
the power control circuit. A second photodetectoris used
to compare its output against a secondary reference and
is verified to be within a predetermined safety window
(i.e. typically secondary measurement need to be within
50 to 150% of the redundant reference). If the measure-
ment from the second photodetector is outside this pre-
determined safety window, a safety error is flagged in
the Safety Monitor Circuit and the medical laser device
disables laser emission with a set of one, two or three
fast electronic switches before lasing can occur. The
switches in each set, as described supra, can be a high-
side current switch, a low-side return current switch, a
shunt current switch, or any combination thereof.
[0024] In the medical laser device, without a mechan-
ical shutter, laser emission would not be internally con-
tained within the device. So to mitigate the potential of
inadvertent laser exposure, the devices utilizes at least
3 states of the device: Standby, Ready and Treat modes.

1. Standby - the device is in the Standby mode, by
default. In this mode the electronic shutter prevents
laser emission (i.e. where applicable the high-side,
low-side switches are open and the shunt switch is
closed). No electrical current can flow through the
laser source, thus laser emission cannot occur.

2. Ready - the user has to actively select the transi-
tion to this mode. At this point, the electronic shutter
prepares the switches, where applicable, such that
electrical canflow through the laser source. Typically
the laser source has current passing through it below
the threshold for laser emission, at the predeter-
mined idle current (monitored by the current sen-
sors). The laser source does not emit in this mode,
but is ready to emit. Safety mitigations are active,
i.e. current sensors and photodetectors monitoring
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current is below the threshold for laser emission and
no laser emission is detected with the photodetec-
tors.

Inadvertent laser exposure can be mitigated accord-
ing to the following example. If there is a failure in
the first current sensor, the current will rise uncon-
trolled untilithits 5 amps, as measured by the second
currentsensor. Thiswill cause the laser to shutdown
the laser before any light is emitted at the lasing
threshold of 10 amps or more.

3. Treat - only when the device is in the Ready mode
can it transition to Treat mode. Laser emission is
activated by the user selecting the Laser Activation
Switch. This increases the current through the Laser
Source to achieve laser emission. To achieve a user
desired laser power, the request laser power supply
output is calculated in the power control circuit uti-
lizing calibration data, thisrequestis sent to the laser
power supply and the current increases through la-
ser source. As the current increases above the laser
current threshold, laser emission occurs. There are
two photodetectors that sample the main laser emis-
sion beam. The photodetectors measure the laser
light emitted. One photodetector is used in a closed
loop iteration to adjust the laser powersupply output
such thatthe desired laser emission levelis reached.
The second photodetector is compared to the first
photodetector to ensure that they are consistent.

[0025] By idlingthe laser before generating a laser out-
put and monitoring with a redundant current sensor, one
can now identify many failures in the laser power supply
that may cause a situation where the laser would fire
uncontrolled before the laseris allowed to fire. In addition,
there is an added benefit of extending the laser diode
life, by not shutting it all the way off between pulses.

Variations and additional embodiments

[0026] Three independent shutdown methods can be
used to insure the laser is disabled and cannot have an
unintended exposure event. The first shutdown is direct
control of the laser power supply that provides current to
the laser diode to fire the laser. This control will disable
the internal switching element(s) (such as a FET, IGBT,
BJT) used to provide current to the laser. The second
shutdown can be an electronic switch external to the laser
powersupply such that provides the return path for the
laser diode. This switching element will be disabled
whenever an error condition occurs or when the laser is
in any mode where current should not be flowing through
the laser diode. The third method can be a switching el-
ement that provides a shunt (short circuit) in parallel with
the laser diode. This switching element will be enabled
whenever an error condition occurs or when the laser is
in any mode where current should not be flowing through
the laser diode.
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[0027] When a laser power supply shutdown occurs
three independent circuits can be utilized to immediately
disable the laser output. The first circuit disables the
switching elements that source current to the laser diode.
The second circuit disables the switching element that
sinks current from the laser diode. The third circuit shorts
a switching element across the output of the laser power
supply assuring no current can conduct through the laser
diode.

[0028] To further assure power output level is correct
the system compares the primary and secondary power
control signals with a hardware comparator, if the primary
and secondary control signals are not within 10% of each
other the power supply is disabled and the laser cannot
be fired.

Claims
1. A medical laser, comprising:

(a) a laser source for delivering a laser output,
wherein said laser source receives input from a
laser power supply; and

(b) an electronic shutter circuit for monitoring
and safely controlling said laser output, wherein
said electronic shutter circuit comprises:

(i) a safety monitor circuit;

(ii) a first current sensor and a second cur-
rent sensor, wherein said first current sen-
sor and said second current sensor are ar-
ranged to both yet independently provide
input to said safety monitor circuit, and
wherein said second current sensor is ar-
ranged to provide input to said laser power
supply; wherein the first current sensor and
the second current sensor are each ar-
ranged to monitor a laser current provided
by said laser power supply; wherein means
are provided for using the first current sen-
sor to control the laser current at a com-
manded level; and wherein means are pro-
vided for monitoring the second current sen-
sor to assure whether the laser current is
below a threshold current; and

(iii) a first photodetector and a second pho-
todetector, wherein said first photodetector
and said second photodetector are ar-
ranged to both yet independently provide
input to said safety monitor circuit, wherein
the first photodetector and the second pho-
todetector are each arranged to monitor a
laser emission power;

wherein the first photodetector is arranged
to be used in a closed loop iteration to adjust
the laser power supply output such that a
desired laser emission level isreached; and
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wherein means are provided for comparing
the output of the second photodetector with
that of the first photodetector to ensure that
they are consistent.

The medical laser as set forth in claim 1, wherein
said electronic shutter circuit further comprises a set
of electronic safety switches independent from said
laser power supply, wherein said set is a set of one,
two or three electronic safety switches.

The medical laser as set forth in claim 2, wherein
said electronic safety current switches are: (i) a high-
voltage-side current switch, (ii) a low-voltage-side re-
turn current switch, or (iii) a shunt current switch
across said laser source.

The medical laser as set forth in claim 2, wherein
said electronic safety current switches have a switch
response time on order of 0.1 ms to 0.005 ms.

The medical laser as set forth in claim 2, wherein
said electronic safety current switches are: (i) a first
electronic current safety switch receiving input from
said laser power supply and providing input to said
laser source, (ii) a second electronic current switch
receiving input from said laser source and providing
return path to said laser power supply, or (iii) a third
electronic current switch across said laser source
receiving input either directly from said laser power
supply or indirectly from said laser power supply via
said second electronic current switch.

The medical laser as set forth in claim 1, wherein
said safety monitor circuit provides input to an elec-
tronic safety current switch, wherein said electronic
safety current switch is independent from said laser
power supply.

The medical laser as set forth in claim 1, wherein
said medical laser does not comprise a mechanical
shutter for controlling said laser output.

The medical laser as set forth in claim 1, wherein
said laser source is an ophthalmic laser.

The medical laser as set forth in claim 1, wherein
said laser source is a diode pump solid state laser
photocoagulator.

Patentanspriiche

1.

Ein medizinischer Laser umfassend:

(a) eine Laserquelle zur Abgabe einer Laserleis-
tung, wobei besagte Laserquelle eine Eingabe
von einer Laserstromversorgung erhalt und
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3.

(b) eine elektronische SchlieReinheit zur Uber-
wachung und sicheren Kontrolle besagter La-
serleistung, wobei besagte elektronische
SchlieReinheit umfasst:

(i) eine Sicherheitsmonitorschaltung;

(i) einen ersten Stromsensor und einen
zweiten Stromsensor, wobei besagter ers-
ter Stromsensor und besagter zweiter
Stromsensor so angeordnet sind, dass bei-
de unabhangig voneinander eine Eingabe
an besagte Sicherheitsmonitorschaltung
liefern und wobei besagter zweiter Strom-
sensor so angeordnet ist, dass er eine Ein-
gabe an besagte Laserstromversorgung
liefert, wobeider erste Stromsensorund der
zweite Stromsensor jeweils so angeordnet
sind, dass sie einen Laserstrom Uberwa-
chen, derdurch besagte Laserstromversor-
gung geliefert wird, wobei Hilfsmittel zur
Nutzung des ersten Stromsensors zur Kon-
trolle des Laserstroms bei einergeforderten
Hohe bereitgestellt werden und wobei Hilfs-
mittel zur Uberwachung des zweiten Strom-
sensors bereitgestelltwerden, um sicherzu-
gehen, dass der Laserstrom unter einem
Stromgrenzwert ist und

(iii) ein erster Fotodetektor und ein zweiter
Fotodetektor, wobei besagter erster Foto-
detektor und besagter zweiter Fotodetektor
soangeordnetsind, dass beide unabhangig
voneinander eine Eingabe an besagte Si-
cherheitsmonitorschaltung liefern, wobei
der erste Fotodetektor und der zweite Fo-
todetektor jeweils so angeordnet sind, dass
eine Laseremissionsleistung Uberwacht
wird;

wobeider erste Fotodetektor soangeordnet
ist, dass er in einer geschlossenen lterati-
onsschleife verwendet wird um die Laser-
stromversorgungsleistung so einzustellen,
dass ein gewlinschtes Laseremissionsni-
veau erreicht wird; und wobei Hilfsmittel zur
Verfigung gestellt werden um die Leistung
des zweiten Fotodetektors mit der des ers-
ten Fotodetektors zu vergleichen, um si-
cherzugehen, dass sie einheitlich sind.

Der medizinische Laser wie in Anspruch 1 beschrie-
ben, wobei besagte elektronische SchlieReinheit
weiterhin eine Gruppe an elektronischen Sicher-
heitsschalter unabhangig von besagter Laserstrom-
versorgung umfasst, wobei besagte Gruppe eine
Gruppe von einem, zwei oder drei elektronischen
Sicherheitsschaltern ist.

Der medizinische Laser wie in Anspruch 2 beschrie-
ben, wobei besagte elektronische Sicherheitsstrom-
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schalter: (i) ein Hochspannungsseiten-Stromschal-
ter, (ii) ein Niederspannungsseiten-Riickstrom-
schalter oder (iii) ein Umgehungs-Stromschalter
Uber besagter Laserquelle sind.

4. Der medizinische Laserwie in Anspruch 2 beschrie-
ben, wobei besagte elektronische Sicherheitsstrom-
schalter eine Schalteransprechzeit in der GroRen-
ordnung von 0.1 ms bis 0.005 ms aufweisen.

5. Dermedizinische Laserwie in Anspruch 2 beschrie-
ben, wobei besagte elektronische Sicherheitsstrom-
schalter: (i) ein erster elektronischer Sicherheits-
stromschalter, der eine Eingabe von besagter La-
serstromversorgung erhalt und eine Eingabe an be-
sagte Laserquelle liefert, (ii) eine zweiter elektroni-
scher Stromschalter, der eine Eingabe von besagter
Laserquelle erhalt und eine Riickleitung zu besagter
Laserstromversorgung bietet oder (iii) ein dritter
elektronischer Stromschalter Uber besagter Laser-
quelle, der eine Eingabe entweder direkt von besag-
ter Laserstromversorgung oder indirekt von besag-
ter Laserstromversorgung uber einen zweiten elek-
tronischen Stromschalter erhalt, sind.

6. Dermedizinische Laser wie in Anspruch 1 beschrie-
ben, wobei besagte Sicherheitsmonitorschaltung ei-
ne Eingabe an den elektronischen Sicherheitsstrom-
schalter liefert, wobei besagter elektronischer Si-
cherheitsstromschalter unabhangig von besagter
Laserstromversorgung ist.

7. Dermedizinische Laserwie in Anspruch 1 beschrie-
ben, wobei besagter medizinischer Laser keinen
mechanischen Verschluss zur Kontrolle besagter
Laserleistung umfasst.

8. Dermedizinische Laserwie in Anspruch 1 beschrie-
ben, wobei besagte Laserquelle ein ophthalmischer
Laser ist.

9. Dermedizinische Laserwie in Anspruch 1 beschrie-
ben, wobei besagte Laserquelle ein Diodenpumpen-
Festkorperlaser-Fotokoagulator ist.

Revendications
1. Laser médical, comprenant

(a) une source laser pour délivrer une sortie la-
ser, dans lequel ladite source laser regoit une
entrée d’une alimentation laser ; et

(b) un circuit d’obturateur électronique pour sur-
veiller et réguler en sécurité ladite sortie laser,
dans lequel ledit circuit d’obturateur électroni-
que comprend :
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(i) un circuit de surveillance de sécurité ;
(ii) un premier détecteur de courant et un
second détecteur de courant, dans lequel
ledit premier détecteur de courant et ledit
second détecteur de courant sont agencés
pour fournir tous les deux mais indépen-
damment une entrée au dit circuit de sur-
veillance de sécurité, et dans lequel ledit
second détecteur de courant est agencé
pour fournir une entrée a ladite alimentation
laser ; dans lequel le premier détecteur de
courant et le second détecteur de courant
sont chacun agencés pour surveiller un
courant laser fourni par ladite alimentation
laser ;

danslequelun moyen estfournipour utiliser
le premier détecteur de courant pourréguler
le courant laser a un niveau commandé ; et
dans lequel un moyen est fourni pour sur-
veiller le second détecteur de courant pour
s’assurer que le courant laser est en-des-
sous d’un courant seuil ; et

(i) un premier photodétecteur et un second
photodétecteur, dans lequel ledit premier
photodétecteur et ledit second photodétec-
teur sontagencés pour fournir tous les deux
mais indépendammentune entrée audit cir-
cuitde surveillance de sécurité, dans lequel
le premier photodétecteur et le second pho-
todétecteur sont chacun agencés pour sur-
veiller une puissance d’émission laser ;
dans lequel le premier photodétecteur est
agenceé pour étre utilisé dans une itération
de boucle fermée pour ajuster la sortie d’ali-
mentation laser pour qu’un niveau d’émis-
sion laser souhaité soit atteint ; et

dans lequel un moyen est fourni pour com-
parer la sortie du second photodétecteur a
celle du premier photodétecteur pour s’as-
surer qu’elles sont cohérentes.

Laser médical selon la revendication 1, dans lequel
ledit circuit d’obturateur électronique comprend en
outre un ensemble de commutateurs de sécurité
électroniques indépendant de ladite alimentation la-
ser, dans lequel ledit ensemble est un ensemble
d’un, deux ou trois commutateurs de sécurité élec-
troniques.

Laser médical selon la revendication 2, dans lequel
lesdits commutateurs de courant de sécurité élec-
troniques sont (i) un commutateur de courant c6té
haute tension, (ii) un commutateur de courant retour
cbté basse tension, ou (iii) un commutateur de cou-
rant de dérivation dans ladite source laser.

Laser médical selon la revendication 2, dans lequel
lesdits commutateurs de courant de sécurité élec-
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troniques ont un temps de réponse de commutation
de 'ordre de 0,1 ms a 0,005 ms.

Laser médical selon la revendication 2, dans lequel
lesdits commutateurs de courant de sécurité élec-
troniques sont : (i) un premier commutateur de cou-
rantde sécurité électronique recevant une entrée de
ladite alimentation laser et fournissant une entrée a
ladite source laser, (ii) un second commutateur de
courant électronique recevant une entrée de ladite
source laser et fournissant une voie de retour a ladite
alimentation laser, ou (iii) un troisieme commutateur
de courant électronique dans ladite source laser re-
cevant une entrée soit directement de ladite alimen-
tation laser soit indirectement de ladite alimentation
laser via ledit second commutateur de courant élec-
tronique.

Laser médical selon la revendication 1, dans lequel
ledit circuit de surveillance de sécurité fournit une
entrée a un commutateur de courant de sécurité
électronique, dans lequel ledit commutateur de cou-
rant de sécurité électronique est indépendant de la-

dite alimentation laser.

Laser médical selon la revendication 1, dans lequel
ledit laser médical ne comprend pas d’obturateur
mécanique pour réguler ladite sortie laser.

Laser médical selon la revendication 1, dans lequel
ladite source laser est un laser ophtalmique.

Laser médical selon la revendication 1, dans lequel
ladite source laser est un photocoagulateur laser a
I'état solide pompé par diode.
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Srabadaimi igenypontek

Oirvogd Boer, amsly tavialm

(o) iSzarforrdst Wrer Kimenet kibocsdidsdrs, ahol 8 leerdorras hamensiet kap

agy WBeer Mpegysagltd; s

by slektroniies zdrdrambitit & lGesr Kimenel eflendrzéeens g5 bistonsdgns

verdridsdre, ahol az slekirontis zdrdramidy tartalmaz
& biztonssg ellenduzd dramkiny
) sld ramdzskel s mdsodk  draméretkeilt, ahol ax s
Sromercokald ds 2 masodik sramdrdkeld Ggy van siendezve, hogy
mindegyik fogetieni! bemenelat ad a bizlonsag! ellendred dn ki,
45 ahol a msodik dramérsekald Bgy van slrendezve, hogy bemenetet ad
s léver tapegységnek; ahol az clef Sramdrzékeld €8 & masodi
aramdredkald mindegyike Gy van ebendezve, hogy sllendvizee o i82er
tapegysén diial Kadol zsrdvamol ahol sszkiz van ara, hogy
falhasendlia az elsd dramérzdkeit! a rerdram gy vezenast szintre vald
vordridedns: os ahol sszkde van & masadik dramérnedkald sllandizéserns,
hogy biztosiva lagyen, hagy 8 ibzeriram sgy Kisedheriah alall van, S
(i) oled Fnydetakion & masodik nydetekion, shol sz elsd fanvdetskior
g3 @ masodik Soydetekior Gy van slrendezve, hogy mindegyi
foggetentl bamenstet ad & biztnadg sllentrzd dramkimeak, ahol az elsd
fanydetekion é8 a masodii Bnydetektor mindegyike gy van elrendezve,
hogy ellendrizzen gy ser amisszids nfesimenyl;
ahal az olsd Rrydatakion tgy van slendezve, hogy felhasanalhath agy
2arika Hordoidhan a loser tapegyssy kimenelének szabdlyordsire ogy,
hogy agy kivant Meer smisssids szint legyen alatheld] és
shaol eszkiz van & misodik fenvdetekior kimenatének az olsd Bnydetelktor
imsnetével vald Sssrahasontitisars annak bictositdsdhor, hogy sk
ronziszignsek legyensk.

A 1. génvpont szavind orvost lzer, amelyben sz slektrontus sArSramkdy
rartalmaz tovabha a lever Wpegysdatdl Kiguetien slektronikus bizxtonsag! kaposold



::«..,3

o

8]

$3

sgvitiest, anol az sgyliites agy, S wagy horom siskironikus  bidlonsagt

e

kaposoldt fartsimazd sgyiittes.

A 2. ipenypord szerindt orvost Bezer, amelvban az ohekirontkus  bistonsdgl
drambaposckk & kdvatkerdh () nagyfesziiingég oidall Sramkaposold, )
kKisfouzitlady oldall visszalerd drarkapossld, vagy () sOnt aramkaposcid

{ezerkurrdson keresedl,

A L génypont srerinB orvost Mzer, amelvben az slekironfites bistonsagl
armmkaposoldhask 81 metdl Q005 melg leredd nagvsdgrandben B
Kaposolast valaszidejik van,

A 2. igénwpond szerinl orvosl Basy, amelvben 2z elekbronikus  bistonsagl
aramkaposciok &8 kdvelkezdke ) olsd olekbrontkus  dramkaposold, amsly
Damenetet kap g lerer Spegysdaidl &8 bemenelet ad 8 Iszerfnrdsra, (B masadik
eleklronfus drarvkaposaly, amely bemenelsl kap & Bzaddomastél és
visszaverelssl sd & Weer tGpegységre, vagy (i} harvadi elekbronkus
aramkaposold a8 Beerfordson keresziil, amely kaposold bamenetet kap vaoy
kizvetlenl o Brer Wpegysdgtdl, vagy kdovelve g Srsr Bpegwedgit! 8 masodik
sdektronikus Sopnkapasoldn karssstil

Az 1. igsnvpont srerint] orvost Bz, amelvben 8 bistongdgl ollendiesd dramkdr
hemenaist ad sgy slekironikus bictonsag! dramkaposcionak, shol ax siakbronkus

i

hiztonsdg! Srambkaposall fignetien o lozar Mpagyssgiil

Az 1L igSnvpont szerintl opvost Keer, amelben az ovost Beer nam tarlabmae
machanikus sdral o KBeer kimenst szabdlvordssdra,

Az 1. igsnypont szerintl orvost Ideer, amalben o dzarfords sremssset eaar

Ax L igsnypont szernd onvosl Krer, amelbben g Meorforrds diddapumpatt
fohvarstd szaves fntokoagulaton
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