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lasers.

BACKGROUND :
Lasers have many uses. For example, lasers are used

10 to repair torn retinas in eyes and to perform other eye
operations such as to reshape the cornea of the eye for
correcting for defects in vision. Lasefs are also used for
other functions in the human body such as to remove plaques
in heart arteries. Lasers are also used to cut holes at

15 precise positions in semiconductor wafers.

In some gas discharge lasers, a cathode and an anode

are disposed in spaced relationship in a housing. When a
voltage pulse is applied between the cathode and the anode,

an electrical discharge is produced between the cathode and

20 the anode. The electrical discharge causes gases in the
housing to become ionized and to react chemically upon
ionization. For example, Kkrypton and fluorine react
chemically to produce krypton fluoride (KrF). The chemical
reaction produces radiation energy at a particular fregquency.

25 Although lasers now in use have an ever expanding
number of functions in a progressively increasing number of -
fields, such lasers have certain inherent limitations. This
is particularly true of lasers which provide moderate to large
amounts of power. For example, the following 1limitations

30 exist in lasers, particularly in those providing moderate or

large amounts of power:

1. High voltage components such as capacitors,
thyratrons and boards for providing a controlled triggering
of the thyratrons are included in the lasers to produce a high
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. foll'ow ng Iinitaﬁgggéd from the housing, filtered and then re-introduced into
the housing. Attempts have been made to regulate the
temperature of the gases in the housing. Such attempts have
not: been entirely éﬁccessful. - One reason has been that the

10 temperature of the gases has been regulated only when the
voltage pulses have been'produced. Another reason has been
that the housing has not been uniform. This has prevented the
temperature of the gases from being stabilized at an optimal
value to enhance the ionization and chemical reaction of the

15 gases in the housing.

3. It would be desirable to maintain the'output
energy from the laser at an optimal level. This in turn would

- cause the radiation energy in each pulse.to be at an optimum
level and the efficiency of the laser to be at an optimal

20 1level. This has not occurred in the prior art.

4. The terminals for introducing the high voltage
to the cathode are disposed in a separate compértment. The
high voltage in the compartment produces a corona discharge
and the corona discharge in turn produces ozone. The ozone

25 1is deleterious to the components, particularly the insulating
members, in the compartment. It would accordingly be
desirable to prevent the ozone from having any deleterious

effects.

5. The motor and the fan for recirculating the

30 gases from the housing through the filter and back to the
housing are quite lérge. It would be desirable to provide
motors.of reduced size but still provide an optimal efficiency

in their operation.
6. The introduction of the high voltage into the
35 laser and to the anode in the laser has to be done carefully
to avoid problems with the high voltage. Furthermore, when
the voltage lines are not coupled into the housing and are
separated from the housing, assurance has to be provided that
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performed on the laser. Since these tests have been random
5 and not systematic, a determination of the cause of the
failure to introduce high voltage pulses to the cathode has
generally been made only after much trial and tribulation.
Furthermore, specially trained personnel have been required

to-make such tests.

10 BRIEF DESCRIPTION
In one embodiment of the invention for use with a

moderate or high power laser such as an excimer laser, a
housing encloses a cathodé and a displaced anode and gases
ionizable and reactive chemically when a voltage pulse
15 produces an electrical discharge between the cathode and the
anode. Moving air cools the components (capacitors, thyratron
and triggering circuitry) for producing the voltage pulses.
The temperature of the laser gases is continuously regulated
at a particular value and is additionally regulated upon the

20 production of each electrical discharge voltage pulse.

The concentration of one of the gases in the chamber
is regulated to values alternately on opposite sides of an
optimal value to provide an optimal energy in each chemical
reaction of the gases. The gases are recirculated as by fans

25 driven on a shaft by a pair of motors and are filtered during
such recirculation. The shaft speed is regulated at a -
particular value and the motor currents are regulated to be

equal.

Any ozone formed in a compartment holding the high

30 voltage terminals is purged by passing a neutral gas
(nitrogen) through the compartment to the atmosphere. The
neutral gas is passed into the housing through a hose which
also holds a high voléage wire in insulated relationship to
other electrical components. A collar arrangement at one wire

35 end provides for the introduction of voltage from the collar
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reaction of the grsesousihfe housing. 3. It would be desirable to

mai ntain the output energy fromthe laser at an optimal level. This in turn
woul d cause the radiation energy in each pulse to be at an optinmm | evel
and the efficiency of the Tager diffirrent an hjjgh navoltage components are

5 sequentially tested for their operability by a system and
method unique to this invention. A microprocessor based
controller interrogates the several suitably located
diagnostics in the laser in the event of a less than expected
laser energy pulse. The malfunctioning components can then

10 be immediately identified.

THE FIGURES:

Figure 1 is a schematic end sectional view showing
certain components in a laser constituting one embodiment of
the invention and particularly showing a housing holding a

15 cathode and an anode and gases in the housing;

Figure 2 is an enlarged fragmentary sectional side
elevational view taken substantially on the line 2-2 of Figure
1 and shows a compartment and components in the compartment
for introducing a high voltage to the cathode;

20 Figure 3 is a schematic perspective view showing the
housing for the laser and further showing the introduction of
an inert gas (nitrogen) and a high voltage into a compartment
above the housing; '

Figure 4 is an end elevational view of the laser

25 from an external position and shows a window for passing
energy radiation produced in the 1laser and further shows
apparatus for recirculating and filtering gases in the
housing; o

Figure 5 is an enlarged fragmentary view, partially

30 in section, of an arrangement in coupled relationship to the
compartment above the housing of the laser for introducing
inert éases_into such compartment and for introducing high
voltages into the compartment for introduction to the anode
of a thyratron;

35 Figure 6 is an énlérged fragmentary'perspective view
of components in the arrangement shown in Figure 5 but with
the components decoupled from the housing shown in Figure 4;

Figure 7 is a schematic view of a subsystem for

r
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$ a fan and a pair of motors and a microprocessor co ler for
recirculating the gases in the housing and for operating the

motors at a particular speed and in a balanced relationship;

Figure 9 is a schematic view of apparatus associated

. with one of the motors shown in Figure 8 for electrically
10 isolating the motor and damping any vibrations in the motor;
Figure 10 is a perspective view of apparatus for

cooling the high voltage components, including a thyratron,

in the compartment above the housing;
Figure 11 is a schematic elevational view of the

15 apparatus shown in Figure 10 for cooling the high voltage
components in the compartment;

Figure 12 shows curves of the energy and efficiency
of each voltage pulse introduced to the cathode in relation
to the concentration of one of the gases in the housing;

20 ' Figure 13 shows curves of the efficiency and pulse
width of the energy obtained from each voltage pulse
introduced to the cathode in relation to the concentration of
such one gas in the housing;

Figure 14 shows curves of the number of voltage

25 pulses for two (2} different magnitudes of voltage pulSes
introduced to the cathode in relation to the concentfation of

such one gas in the housing;
Figure 14a is a curve showing the relationship

between the number of pulses for producing one (1) Torr of a
30 particular gas such as fluorine (F,) and the voltage on an
input capacitor connected in a circuit with the thyratron;

- Figure 15 is a flow chart schematically illustrating
how the concentration of such one gas in. the housing is
regulated near an optimal value;

35 Figure 16 is an expanded flow chart of one of the
steps shown in the flow chart of Figure 15 and schematically
illustrates additional details of the operation of regulating

the concentration of such one gas near the optimal value;
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not being introduced to the cathode; _
Figure 18a and 18b are respectively schematic

representations of the voltages produced on the anode of the
thyratron and the corresponding currents through the anode of
the thyratron when the power supply is operating properly to

produce the high voltages;
Figure 18c is a schematic representation of the

voltages produced on the anode of the thyratron when the

thyratron is prefiring; and

Figure 19 is a schematic representation of tests
performed on the different sections of a thyratron included
in the high voltage components shown in Figures 10 and 11.

DETAILED DESCRIPTION

In one embodiment of the invention, a laser
generally indicated at 10 may have a construction'generally
corresponding to that disclosed in patent 4,959,840 issued on
September 25, 1990, to Robert P. Akins, Donald G. Larson, Uday

- K. Sengupta and Richard L. Sandstrom for a "Compact Excimer

Laser 1Including an Electrode Mounted in Insulating
Relationship to Wall of the Laser" and assigned of record to
the assignee of record of this application. Patent No.
4,959,840 is intended to be used to complete any disclosure

if such should be necessary.

The laser 10 includes a housing 11 (Figure 1) formed
from a pair~of half members 12 and 14. The half members 12
and 14 are coupled and sealed as by an "0" ring seal 16 which
extends around the perimeter of the housing 11. Figure 1
shows the interior of the laser 10 from an end elevational
view and Figure 2 illustrates the top portion of the laser
from a side elevational view. '

A cathode 18 and a grounded anode 20 (Figures 1 and
2) are disposed in spaced relationship within the housing 11.
The cathode 18 and the anode 20 may be formed from suitable

v
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upon the 5 cathode 18 and the anode 20. The electrlcal discharge in the

area 22 is produced by a high voltage pulse such as in the
order of twenty Kilovolts (20 kV) impressed on the cathode 18.

A base member 24 (Figures 1 and 2) made from a

suitable conducting material supports the anode 20. A

10 conductive member 26 contacts the cathode 18. The conductive
member 26 is disposed adjacent a main insulator plate 28. The
main insulator plate 28 separates and insulates threaded metal
rods 30 (Figure 2) from one another. The threaded rods 30

~ - engage the conductive member 26 to introduce the high voltage
15 to the cathode 18. The threaded rods 30 extend through
insulating bushings 32 made from a suitable material such as

a ceranmic.

The upper housing member 12 includes downwardly

extending wall portions 35 so that the main insulator plate

20 28 is spaced from the upper wall of the housing member 12.

"o" rings 33 (Figure 1) are disposed in recesses in the

conductive member 26 on one side of the main insulator plate

28 and "0" rings 35 are disposed in recesses on the other side

of the main insulator plate 28 so that the central portion of

25 the main insulator plate 28 is held in compression between the

"0" rings. The main insulator plate 28 electrically insulates

the cathode 18 from the walls of the housing member 11 and

thereby insures that a proper electrical discharge occurs
between the cathode 18 and the anode 20.

30 " When a high voltage is applied to the cathode 18
through the connector rods 30 and the conductive member 26,
an electrical discharge is produced in the regiori 22 between
the cathode and the anode 20. This electrical discharge
ionizes gases 36 in the vicinity of the area 22 and causes

35 these gases to react chemically. For example, the gases 36
may be Krypton (Kr) and fluorine (F,). The Krypton and the
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neutral gas is passed into the housing through a hose which also holds a

high voltage wire in insulmiedfeehatioAsheP the Krypton fluoride produces
5 energy radiation in a very narrow band of wavelengths such as
in the excimer range. This light is directed to an optical
element such as a window 46 (Figure 4) at one end (or to a
mirror adjacent the window) and to a corresponding optical
element at the other end. The energy radiation is reflected

10 between the opposite optical elements and is reinforced in
each reflection. A portion of the energy radiation moving in
each cycle between the opposite optical elements passes
through one of the optical elements such as the optical
element 46. The energy radiation passing through the optical

15 element 46 such as the window has a narrow band of frequencies

and has a high intensity and a narrow width. The optical
element 46 and the optical element at the other end may be
made from a suitable material such as a magnesium fluoride
which is transparent in deep ultraviolet light. The optical
20 element 46 may be included in a window structure 48 shown in

Figure 4.

The gases 36 in the housing 11 are withdrawn from
the housing and are recirculated in a closed 1loop and
introduced back intoc the housing. Preferably this

25 recirculation is provided through a number of cycles during
the period between the introduction of successive voltage
pulses to the cathode 18. During such recirculations, debris
is removed from_the gases 36 as by filtering the gases. The
debris may be produced as a result of the electrical

30 discharges between the cathode 18 and the anode 20.

The recirculation of the gases 36 may be provided

by a fan 50 (Figure 1) having blades 52. A Cap 56 in Figure

4 provides a support for the fan 50 and the motors driving the
fan. As shown by arrows 58 in Figure 1, the fan 50 drives the

35 gases 36 upwardly in Figure 1 through the electrical discharge
area 22. This movement is facilitated by a vane 60. A gas
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for the i on of voltage fromthe collar 4 to the an
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4,959,840. The filter 64 removes the debris (foreign matter)

5 or contaminants from the gases 36.

After filtering, the gases 36 are returned into the

housing 11. A portion of the clean gases from the filter 64

may be moved past the optical element 46 and the optical

element at the' other end to clean the optical elements.

10 Apparatus for cleaning the optical element 46 and the other

optical element is fully disclosed in patent 4,959,840.

Alternatively, the apparatus for cleaning the window may be

as disclosed and claimed in application Serial No. 07/975,385

filed on Nov.12, 1992 by Robert P. Akins for "Apparatus, and

15 Method of, Maintaining a Clean Window in a Laser" and assigned
of record to the assignee of record of this application.

The gases 36 are heated considerably by the

electrical discharge between the cathode 18 and the anode 20.

It is desirable, however, that the gases 36 should not remain

20 heated. The gases remaining in the housing 11 are accordingly
cooled by a water cooled heat exchanger 66 in Figure 1. The
cooled gases are forced upwardly as by a vane 68. These gases
accordingly move to the fan 50 for circulation into the
electric discharge area 22. An end cap 69 in Figure 4 may be

25 provided to support the heat exchanger 66.

Walls 70 extend upwardly from the housing member 12
to define a compartment 72 (Figure 2) in communiéation with
the interior of the housing 11. The conductor rods 30 and the
insulating bushings 32 are disposed in the compartment 72.

30 since the conductor rods 30 receive a high voltage in the
order of approximately twenty thousand volts (20kV), a corona
discharge tends to occur in the compartment 72. This corona
discharge tends to produce ozone which in turn produces a
deterioration in the insulating properties of the bushings 32

35 and the main insulator plate 28. The performance of the laser
10 is affected by this deterioration in the insulating
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28, an inert gas such as nitrogen is circulated through the

S compartment 72. As the inert gas moves from the compartment

72, it carries the ozone with it, thereby removing the ozone

from the compartment immediately after the ozone is formed.

The inert gas such as nitrogen is introduced into the housing

11 through a hose 74 from a source 75 (Figure 3). The inert

10 gas then flows into the compartment 72 through a conduit 76

at the upper end of the housing member 12. The flow of the

inert gas through the compartment 72 is indicated by arrows

at the upper end of the compartment 72. The compaftment 72

is defined by a housing 73 above the housing 11.

15 The inert gas then flows through a conduit 78
(Figure 2) in the housing member 12 and a fitting 80 (Figure
2) into one of end of a hose 82 (Figure 3). The hose 82

communicates with one end of a hose 84. The other end of the
hose 84 is extended through a fitting 86 (Figure 3) made from

20 an insulating material. The inert gas is then exhausted to
the atmosphere. The exhaustion of the inert gas to the
atmosphere does not have any deleterious effect since the
atmosphere is composed primarily of nitfogen.

A high voltage wire 88 (Figure 6) is centered in the
25 hose 84 (Figure 3) and is electrically insulated in the hose
by the coaxial insulating material on the wire and by the
inert gas such as nitrogen. The high voltage wire 88 is
electrically coupled to a hollow annular contact 90 at the end
where the hose 84 is coupled to the fitting 86. The.voltage
30 on the wire 88 is introduced through the electrical contact
90 and an electrical contact 92 (Figure 5) in the upper
housing 73 and through conductors (not shown) to the anode of

a thyratron 142 in Figures 10, 11 and 19.

A swivel joint 94 (Figure 6) made from a suitable

35 electrically conductive material is provided as a part of the
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Figure 5 but
5 an electrically conductive sleeve 100. The sleeve 100 and the

spring 98 are disposed on an insulating member 102.

The spring 98 is constrained so that the sleeve 100

normally engages the contact 90 and grounds the contact. When

the contact 90 is extended into the housing, the sleeve 100

10 becomes withdrawn on the insulator member 102 from the contact

90 so that the ground on the contact 92 is removed. Voltage

can then be applied to the contact 90 from a high voltage

power supply 105 (Figure 3) to charge a capacitor 140 in
Figures 10, 11 and 19.

15 Figure 7 schematically shows an arrangement for
precisely regulating the temperature of the gases 36 in the
housing 11 (Figure 1) at a particular value. The housing 11
is made from an electrically conductive material having non-
corrosive and electrically conductive properties. The housing

20 11 is preferably provided with uniform properties as by
providing the chamber with a configuration of a single
material. This uniform construction of the housing 11 is
desirable in precisely regulating the temperature of the gases

36 in the chamber.

25 A heater 112 1is disposed on the housing 11
externally of the housing. A fluid such as water is disposed
in a receptacle such as a pipe 114 in the housing 11. The
water in the pipe 114 is recirculated and is cooled as by air
during the recirculation. Such recirculation and air cooling

30 are well known in the art and are disclosed in patent
4,959,840. A temperatdre probe or sensor 116 extends into the
housing 11 to sense the temperature of the gases 36 in the
housing. A microprocessor-based controller 118 receives the
indications of temperature from the sensor 116.

35 Based upon the temperature indicated by the sensor
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electrically basis. This temperature provides for an optimal operation of
5 the laser 10. Since the heater 112 is disposed on the wall

of the housing 11 and the housing 11 is a good heat conductor,

the heat from the heater 112 is transferred directly into the

housing. The rate of heat production by the heater 112 and

the rate of flow of the cooling fluid through the pipe 114 are

10 regulated to maintain the temperature of the gases in the

housing 11 at a particular value on a continuous basis,

whether the laser is operating or idle.

Figures 8 and 9 show an arrangemeht for driving the
fan 50 (Figure 1) for cooling the gases 36 in the chamber 11
15 (Figure 1). To conserve space, two (2) motors 122a and 122b
are provided on a common shaft 126 to drive the fan 46. The
motors 122a and 122b have substantially identical
characteristics. The operation of the motors 122a and 122b
is controlled by the microprocessor-based controller 118 so
20 that the motors drive the fan at a particular speed. This
regulation may be provided by disposing a tachometer 128 on
the shaft 126 and by introducing the output of the tachometer

128 to the microprocessor 118. '

From the signal provided by the tachometer 128

25 measurement, the microprocessor 118 determines the rotational
speed of the shaft 126. The microprocessor-based controller

118 then introduces signals to the motors 122a and 122b to
regulate the speeds of the motors. In .addition, the

. microprocessor-based controller 118 receives from the motors
30 122a and 122b indications of the currents in the motors,
pfocessés these indications and introduces signals to the
motors to regulate the éurrents through the motors so that the
currents are substantially equal. In this way, the motors
122a and 122b drive the fan 46 at the particular speed on a

35 balanced basis.

The motors 122a and 122b and the shaft 126 are also
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|solat|ngn5g9ﬁﬂﬁ§w and danping any vibrations in the notor;PEIE%/805s a
perspective view of apparatus for cooling the high voltage conponents,
including g thyratron, in the conpartnent ahgve the housing; Figure 11 is a
schematic el evational view of the apparatus shown in Figure 10 for cooling
t he hi gh vol t aghowmnponehiirien ¢.he Tomisgumen , thguskail 3$R6WS scunoretadile

the energy andogfficlengysoh seachnyolisage pubse LOLEogyEet J0 Haa caihodg,

in relation to the concenfration one of he gases 1 n t he OUSI ng Fi gure

13 ~shows cur vesuppogitedePhi ai eagy. Lxhdmasig Q% @ Fudtaple Bad&ediadbsaicheas
from each vol t ggq ipdles? isHdeaducathd bddia it ade dphdad ation thet Base 132

concentrati on of such one s in the_housin
5 as by mountsg136 and 138 madegfrom a resilient material such

as a fluorinated elastomer. In this way, any voltages
generated as a result of the electrical discharge between the
cathode 18 and the anode 20 are isolated electrically.

Furthermore, any vibrations in the motors 122a and 122b are

10 damped.

- Figures 10 and 11 show an arrangement for cooling
the components which produce the voltage pulses applied to the
cathode 18. These components include a pair of capacitors
140, a thyratron 142 and a trigger board 144 on which

15 electronic circuits are disposed. The components élso include
a power supply 146 for the thyratron 142. When the capacitors
140 become charged to a particular voltage by the high voltage
power supply 105, the trigger board 146 triggers the
‘thyratron, causing the capacitors to discharge through the
20 thyratron. The circuits for controlling the triggering of the
thyratron 142 are well known in the art and are disposed on
the circuit board 144. The power supply 146 provides power

to the thyratron 142.

In Figures 10 and 11, air is cooled and recirculated
25 through a closed loop 148 for cocling the capacitors 140, the
thyratron 142, the trigger board 144 and the power supply 146.
The closed loop 148 includes fans 150 for driving the air in
the closed loop and also includes a medium such as a source
152 of a cooling fluid such as water for cooling the air. An
30 array of small tubes 154 such as those provided by Hexcel are
'disposed between the fans to direct the movement of the-air

in the path indicated by the arrows.

As shown in Figures 10 and 11, the recirculating air

- flows past the capacitors 140. A portion of the air then.
35 flows through an orifice 156 in a wall 158 into the space
between the thyratron 142 and an insulating chimney 160 made
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Figure 14 shows curves of the nunber of voltage pulses for t cﬁ%%gmqomﬁ

dlfferent‘HQ§H(93395 of voltage pul ses introduced to the cathode In
refation to the concentration of such one gag in the housi'ng; Figure 14a is
a ‘curve shomﬁng the relationship between the hunber of pul ses for producing

one (1) Torr of f@oﬂaété\‘fﬁé‘ﬁlgq\?‘a%g1a§ufc|n“9ﬁ'Q%Jﬂﬂic?”%h@ﬁff%&@%g
an input capacitor connected in a circuit ratrom ure

a flow chart schBYEBFERM §4°| PEstFaftAYShbly the %Rﬁﬁﬁnﬁ?%ﬁ?%m EﬂeéﬂEﬁr%EEP“
gas™ i n-the housiag andr e ahdthneganedn OMheTRlirvalsiechdn gxttadsced tsmrough

15" and schenat | Bal9FY | BE: Aatees aahiBror? abbdrdesr e TieraBesy ooce-
regulating 5 Another portion of the air flows through an opening 164 into
'a passageway 166 defined by the lower end of the housing

member 73 (Figure 3) and a guide member 168 disposed on the

chimney 160. This portion ‘'of the air -flows past the power

supply 146 and along the trigger board 144, which is provided

10 with curved configurations at its upper and lower ends to

guide the air for movement along the trigger board and then

into the exhaust port 161. The heated air is then cooled by

the heat exchanger 52 and recirculated by the fans 150 in the

closed loop 148.

15 Figure 12 shows a curve 170 in which the
concentration of fluorine (F,) is plotted on the horizontal
axis and in which the energy in each output pulse is plotted
on the vertical axis. Figure 12 also shows another curve 172
in which the concentration of fluorine is plotted on the

20 horizontal axis and in which the efficiency (in percent) of
the laser 10 is plotted on the vertical axis. Here efficiency
is defined as the ratio of laser energy and input electrical
energy. As will be seen, the radiation energy in each output
pulse in the laser 10 and the efficiency in the magnitude of

25 the radiation energy in each output pulse in the laser
relative to the magnitude of the input energy reach a peak at
substantially the same concentration of fluorine in the
housing 11. This peak is at a concentration of approximately
0.068% of fluorine (F,). As will be appreciated, the laser 10

30 also contains krypton in a concentration in the order of one
percent (1%). The remainder of the gas in the laser 10

constitutes a neutral gas such as neon.

Figure 13 also shows two (2) curves each with the

concentration of fluorine (F,) plotted on the horizontal axis.

35 A curve 174 corresponds to the curve 172 in showing the
relationship between the efficiency in the'operation of the
laser 10 and the fluorine (F,) concentration. A curve 176
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the concqm batjhesy of such one gas near the optimal val ue; PET/US93/10805
Substitute sheet - 12/8/96 Figures 17a and 17b are flow charts cumnul ati vel y

showi ng the sequence of tests performed on tie different high voltage
conponents when the required high voltage pul ses are not being introduced
to-t he cathodeshEMgumae téaazidnshilp batwedre dhectwiviehy (inc mammiseconds) of

representat | ongrdl ‘Aol agasanoduses, onchle aade ofd heebpyT atiaa.and

t he correspondlng curr rough t hé anode of the atro
pover supply |§°®§6ﬂ§ﬁﬁﬁg°§§om§ﬂQAQQ¥¥HQMOﬁéIﬂuﬁiu koP?a@EéPr the peak

efficiency in the curve 174 and the peak in the pulse width

5 1in the curve 176 occur at substantially the same concentration
of fluorine. This is substantially the same concentration as
in the peaks of the curves shown in Figure 12.

-Figure 14 illustrates the relationship between the

number of pulses (shown in millions on the vertical axis)

10 produced by the laser and the concentration of fluorine (the
horizontal axis). .Figure 14 shows two curves 178 and 180 for

two (2) different output energies, the curve 178 being for
pulses of eighteen kilovolts (18 kV) between the cathode 18

and the anode 20 and the curve 180 being for pulses of twenty

15 kilovolts (20kV) between the cathode and the anode. As will
be seen, without any addition of fluorine to the laser 10, the
concentration of the fluorine progressively decreases in a
linear relationship as the number of pulses from the laser

increases.

20 The ultimate conclusion from Figures 12, 13 and 14
is that the concentration of fluorine in the housing 11 should
be regulated at a value close to a concentration of
approximately 0.068% in order to provide optimum energy from
the laser 10 and optimum efficiency in the operation of the

25 laser. This can be accomplished by initially increasing the
concentration of the fluorine in the housing 11 in increments
until the efficiency in the operation of the laser 10 and the
maximum energy from the laser increase to peak values and then

decrease slightly.

30 ' No further addition of fluorine to the chamber
should then be made until the efficiency in the operation of
the laser and the maximum energy from the laser increase to
peak values and then decrease slightly. In this way, the
concentration of the fluorine in the housing 11 may be

35 alternately requlated between a value of approximately 0.070%

~ and a value of approximately 0.066% to obtain peak energies
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Figure 18c is a schematic representation of the voltages 'prod _
anode:of t WO M{YI%B2ron when the thyratron is prefiring; and Fpgﬁﬂgggéhﬁﬁ’a
schematic representation of tests perforned on the different sections of a

thyratron included in the high voltage conpoﬁ%%ts shown in Figures 10 and
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Robert P. AKins,pieimhfl &#r ity HddurKenditdd 3eA1d0R1GRY @nld increased

Sandstrom for a %g%aEact %%CIHEF Laser Incl%gg?%_ an Electrode Munted
in Insulating 1B RO SRR et T adE "L3FRE assi gned of record
to
5 A common téchnique to operate the laser 10 near its
maximum efficiency is to fill the laser with just the right
amount of halogen and then, as the number of pulses
aceumulate, replenish the halogen donor by injecting a small
amount of the donor into the laser. For an industrial laser,
10 the process of halogen injection should be automated.
However, the process of halogen injection can be automated
only if the halogen concentration is known. In excimer laser
gas mixes, the halogen concentration is typically less than
one tenth of one percent 0.1%. Therefore, the instrumentation
15 to measure halogen concentration is too complex and expensive

for an industrial laser.

This invention provides a halogen injection
technique which operates the 1laser near its optimum
efficiency. It relies on the fact that the halogen depletion

20 rate as a function of input energy is known for a laser and
that this depletion rate is linear as shown by the curves 178
and 180 in Figure 14. Therefore, after a certain number of
pulses, the halogen concentration can be estimated. An
extremely small amount of halogen (a perturbation) is then

25 injected into the laser gas. This perturbation to the laser
gas medium could possibly result in an increase or decrease
in laser efficiency. Depending upon whether this perturbation
results in an  increase or decrease in laser efficiency, -
additional increments in the halogen are introduced into the

30 housing 11.

An increase in laser efficiency is an indication of

a halogen-depleted laser gas, and further halogen injections

are continued until there is no increase in laser efficiency.

A halogen injection resulting in a decrease in laser

35 efficiency is indicative of a gas mixture which is either too
rich or just optimum in halogen. Since the halogen injection

A
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the assignee of record of this application. Patent No. 4,9 40 1
i nt ended Y& 311P3Rd to conplete any disclosure i f such shoul3%82L33%§g§§ry.

The |l aser 10 includes a housing 11 (Figure 1 7formed froma pair of half
menbers 12 and 14. The hal f menbers 12 and 1 are coupl ed and seal ed as by

Q" h h
=) o sea}f%égl \g?erl O?’é}?ﬁ?—% I agg?oflo'ép ggtxg%ﬁeuf%v:t%s# VI %émg

Flgure 1 shows
and Figure 2 il|¢hangqt &8 ﬂﬂéeFoﬁfSéPﬂPBﬁYoﬂstW@rWa§&aH%wﬂH%i%H%% enough to

el evat i onal Vi e¥erm Rat8OgeréReANgnfe 8t PIAFEd anode 20 (Figures 1 and 2)
are disposed in spaced relationship within the housing 11. The cat hode 18

and the anode 20 may be forned from suitable
In the following paragraphs, a microprocessor-based

5 implementation of the aforementioned F, injection technique is
described for a KrF laser. The implementation for other
excimer gases is similar. The algorithm described in the
following paragraphs is also self-learning in the sense that
it corrects for situations when a halogen is injected either

10 too soon or too late.

In the embodiment of the invention shown in Figures

15 and 16, the microprocessor controller 118 commences its F,
injection program when the laser chamber is filled with fresh
laser gas. In this example, the laser gases are Kkrypton,

15 fluorine and the buffer gas neon. The microprocessor
controller 118 retains in its non-volatile memory a look-up
table pertaining to F2 consumption as a function of input
voltage and the number of laser pulses. The data in the look-

up table is based on detailed parametric studies performed on

20 similar lasers.

Experience has shown that lasers which are similar
in construction and output performance have approximately the
same F2 consumption characteristics. A sample table is shown
in a graphical form in Figure 14A. Figure 14A is a curve

25 showing the relationship between the number of pulses for
producing one (1) Torr of a particular gas such as fluorine

~ (F;) and different values of the voltage introduced to the
capacitors 140 in Figures 10, 11 and 19. From Figure 142, one

can est;mate the number of pulses required to consume 1 Torr

30 of F, at a predetermined voltage of the capacitors 140. oOr,
if the average voltage for a given number of pulses is known,

the amount of consumed F2 can be estimated as indicated in

Figure 14a.

In practice, as the laser 10 operates, the input
35 voltage varies depending upon the output energy requirements
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7 high purity netals so as to minimze the erosion of the metals an
avoi d- cont 3@ A% t he | aser gases with erosion products whi Eﬁ'rﬁ'a§936é°8°5

formed. An electrical discharge area schedhﬁlcally illustrated at 22 is
di'sposed between the cathode 18 and the anode 20. The el ectrical discharge

in-the area 22 '§{1§ 9&%‘3&' HYE 2o 8&&1{’# Cat%&g%e@‘i‘éﬂ %fféEttf' s&f %.ftpmt.

twenty Kilovolts ressed on ase ne
(Figures. 1 and Z?hﬁa@‘éqrmﬁ%%ﬁpﬁabﬁéedcm%rnapém‘aPmP‘éEEEOIat s""%"ﬁémg

andde  20. A capduabkVermilebpd®atinhacbithbe aathede ibichng ycardusid e
nenber 26 1s dlsggseqoogLacentbgenghghlqug BSE Qha%?gage qu to compute an
5 estimate of the decrease in F,. After a predetermined
decrease in F,, an injection is initiated. The permissible
‘decrease in F2 concentration capable of initiating an F,
injection is determined from the energy vs. F, concentration

curve, similar to the one indicated at 170 in Figure 12.

10 The specifics of the F, injection method are shown
in the flow charts shown in Figures 15 and 16. The following
paragraphs are numbered to correspond to numbered steps in
Figure 15. For example, the paragraph numbered "5" below
refers to the step numbered as "5" in Figure 15. The numbers

15 in Figure 15 are to the left of the designated steps in the

flow chart.

1. The LASER GAS FILL initiates the F, injection
method. 1In this step, the housing 11 is filled with the gases
providing the chemical reaction. These gases may comprise

20 krypton, fluorine and an inert gas such as neon. The fluorine
concentration is approximately equal to the optimal value.

2. Immediately after the gas fill, a variable,

CORRECSHT, is initialized to zero. This variable, an integer,

is a correction to the initial estimate of the number of

25 pulses after a gas fill when the F, injection is initiated.

As will be seen subsequently, this variable can be either

positive or negative and accounts for deviations in the F,

consumption of a laser from the look-up table (Figure 14A) .~

3. Two other variables, both integers, are

30 initialized. These are SHT and INJATMPT. SHT is a count of

the number of pulses a laser fires after a gas refill or after

a F, inject. It is initialized to -CORRECSHT. After a gas

£ill, SHT is set to 0. As will be seen subsequently, the

counter is initialized every time a gas fill or a F, inject

35 occurs. INJATMPT is the number of attempted injections,

starting with the initial value of 0. The counter INJATMPT

will be clarified subsequently.
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main ins lv?)t@_‘r,ncg_.)ate 28 separates and insul ates threaded netagcr/o$93/30805
(Figure é% fromone another. The threaded.rQds 30 engage the conductive
menber, 26 t.o i ntroduce the high voltage to?t e cat hode 18. The .t hr eaded
rods 30 extend through insulating bushings 32 nade froma suitable materi al
sueh as a ceram c. The upperTheustwmgteentidT ili2cirewcénite sedenyn\viaing \the laser

ext endi ng wal | rtion : el j
fromthe upper f%gF 'ofﬁfﬁ%%g‘[ﬁ% 1Etrrl\e ger"ril t?&é [P‘ﬁ,"ol&J | r?g&sgs%@? %%dﬁreﬂ%%“rggéa
di sposed i n recowpusesnat FaNGGRGUAVRIReerte vAlbrgespgevafefh&hagi FHT

i nsul ator pl at @s28raf€ler G hdrn 283039081 © THe RATIGProdRRHSWBa sHY chacebheer

side of the_ main Tnsulator_plate 28 so that the central partion of the in
i nsul at or pPaté1§8tP§nH%FﬂlfﬁeEdﬂﬂﬁé@%?%ﬁP?mﬁ%hﬁﬁl éhguré)14A) and computes

the decrease in F, concentration based on the value of SHT.
S. At a particular value of SHT designated by
INJSHT, the F, concentration is determined by the
microprocessor-based controller 118 to have decreased by a
10 predetermined amount so that a noticeable decrease in laser

efficiency has occurred.
6. An F, injection is initiated as by a procedure

known as PERTURB. The procedure PERTURB is shown in the form
of a flow chart in Figure 16. It is described subsequently.

15 7. PERTURB returns a value for a Boolean variable
SUCCESS. An F, injection is considered a failure if it
results in a. measurable decrease in 1laser energy or
efficiency. 1In other words, success is set to NO.

_ 8. If SUCCESS is NO, the counter INJATMPT is

20 incremented by 1. This means another unsuccessful injection
attempt was made.

9. The program permits only a certain maximum of
injection attempts designated by INJATMPTMAX. An excess of
attempted injections can lead to a laser gas mix that is too

25 rich in F,.

10. If the number of attempted injections is less
than the permitted maximum, the counter SHT is incremented by
an integer every time that the laser fires.

11. An F, injection is retried via the sub-program

30~ PERTURB when the SHT counter increments by a small number of
pulses. This small number is designated by the integer
constant INJFAILSHT. It is usually selected to be a fraction
of typical INJSHT values.

12. If the number of attempted injections is equal

35 to the permitted maximum, the process of injection is
terminated and a new value for CORRECSHT is calculated. The
next injection will be offset by an amount equal to CORRECSHT.
Its value can be positive or negative. If, in Step 7, SUCCESS
returns yes, the integer INJATMPT will be zero. In this case,
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"0" rings. The main insulator plate 28 electrically insulate ode
18 from t YEORH 1183%f the housing nenber 11 and thereby insuré%rbﬂg?gabaﬁ’

proper, el egtri cal

di scharge occurs between the cathode 18 and the anode 20.

When a high voltage is applied to the cathod® 18 through the connector rods

30-and the con
regi on 22 betwe

i oni zes gases 3IBVIFARLEHT. cififiary Wie thirst ebnPechhon cabtewpthresugtisesnt an
react chem cal ljhordzle AR far 14 9O BP0 SRYpOFKS Y PERDs ( KihgaBEs that

fluorine [err]. The Kr
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ton and the
the lasery%as probably been operating with less than optimal

F,. Therefore, during the next cycle, the SHT counter is
equal to CORRECSHT instead of zero (0) so that the next
injection occurs INJFAILSHT pulses earlier. If INJATMPT is
greater than one (1), the next injection is delayed by an

amount equal TO CORRECTSHT.
13. A gas refill (i.e. the laser is evacuated and

replaced with fresh gas) terminates the cycle. Otherwise the

cycle continues.

SUB-PROGRAM PERTURB
The details of the procedure PERTURB are shown in

the flowchart designated as Figure 16. This procedure is
important in the Injection technique. The following
paragraphs are numbered to correspond to the numbered
paragraphs in Figure 16. The numbers in Figure 16 are to the

left of the designated steps in the flow chart. '
i. Upon entry into the PERTURB procedure, the

microprocessor-based controller 118 reads a value for the
maximum amount of F,, INJMAX, which can be injected in this

perturbation. This value is provided by the user and, after

each gas refill, INJMAX initializes to this value. However,
as the laser pﬁlses and F, injections occur between gas fills,
the value of INJMAX is adjusted as described below. The
microprocessor-based controller 118 also reads the value of
EAVG. This is either the average value of laser energy if the

‘laser is working at a constant input voltage, or it is the

laser voltage if the laser is operating at a constant output
energy. ., A variable EAVGINT is set to this value of EAVG. A
counter CNT is initialized to 0. FLAG is a Boolean variable
and is set to NO. 1Its role will be described'subsequgﬁtly.

2. A small amount of F, INJTMIN is then injected
into the laser. In practice, after the injection, an
identical amount of the gas mix is vented from the laser in
order to maintain a constant laser pressure. The counter CNT

% 1 KBLEB 11cCAREEABT arivhe nayac ¥ °L Enat, PILCPORReERaFg:
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8 sheet - 12/8/96 fluorine react chenicallyp /LF§9§¢1‘6 Bs
Krypton fI %Qé%ir The gases in the vicinity of the area gg 86

| ocated primarily in a regi on defi ned schenqgﬂca]ly as 38 in F|gure 1. The
formation of the Krypton fluoride produces eriergy radiation in a very

narrow band of juave] §naldise ! Al 3:"}1e' N als Efwe@er rqmg%uc U}Jr%éés%*Her%sed

directed to an optlcal el ement such as a w ndow 46 FI%E&% Fﬁg%opgégn
g o a endft -

(or to a nirrofCRNTIfT t k8 WFREER) 3anfeY o V3186t redpo
at the other emTdgMIiihdscadergymiaddabyobhesSusef | £6d atsbel e eleddOupesi the

opLical o ST Qb o] S0 LA A oron of the

energy radiati On oV
passes thro&gh one of th@-opt Toel @iﬁaﬁm&cguén BEAVYheangdt (FMGINT is then

compared with DELTAE, a user supplied number. In principle,
DELTAE could be O. However, in practice, because of the
inherent pulse-to-pulse variation in the 1laser energy or
voltage, DELTAE is set to a non-zero value. If the laser is
10 operating at constant energy, DELTAE corresponds to the
regulation of the voltage. In the constant energy modé,
DELTAE is the statistical standard deviation of the laser
energy.
' 4. If it is determined that the difference. is less
15 than or equal to DELTAE, then the counter CNT is compared with
a predetermined maximum CNTMAX. This maximum is necessary to
ensure that CNT does not assume large values (i.e. too many
INJMIN), implying that the laser gas becomes enriched with F,.
S. If CNT has not exceeded CNTMAX, a new value for
20 INJMAX is calculated. ~INJMAX is smaller than its previous
value by an amount equal to the amount just injected in this
unsuccessful attempt. The Booleah variable SUCCESS is set to
NO and is returned to the main program. When the éub-program

is revisited, INJMAX has a different value.

25 6. If CNT has exceeded CNTMAX, the Boolean variable
FLAG is set to YES. The sub-program proceeds to the next
step, implying that the process of injection is continued.
In other words, the fact that EAVG is less than EAVGINT is
ignored. Such a step is taken to guard against a possibly

30 small decréase in laser energy when the F2 concentration in
the laser is near optimum. As will be seen subsequently, the

state of the FLAG is also used to vary INJMAX.
7. The total amount of F,, INJTOT, is calculated.

8. The amount of F,, INJTOT, is then compared with
35 the maximum INJMAX read by the microprocessor controller 118
in step 1. 1If the total F, injected so far is less than the

maximum, the sub-program recycles.
9. If not, the state of the FLAG variable is
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el ement 46. The enerdy radi ati on passing through the optical el t. 46
such ‘as t "B OWPHdWRI2has a narrow band of frequencies and has asﬁ?§%%3”°m5’
intensity and a narrow width. The optical e|lement 46 and the optical
element at the other end may be made froma %fitable material such as a

nagnesiun1f|uorgg§cwggch I's transparent in deep ultraviolet light. The
optical el enent may “be included in a wi ndow structure 48 shown in Figure

4. The gases 36 in the ho#8ingliithe echeehdipdicadtesin IMSIRAA rif AFP artdien
recircul ated inpgsgh839d theORmithd N Qg,u@ﬁigw nighér then bEwIkAY. was

Preferably this recirculation is provided through a nuynber ycl es

of
during the peri ®BIBEEGRANT H'S HerdBYR: Yahus ok AU ¢& 96@?%3@ D 1S LN
t he cat hode 8. During sumh.remfrcubabheak,idehb53ed in Step 9 is NO, each

injection has resulted in an increase of EAVG over EAVGINT.
Possibly, the laser is 1lean in F,. Therefore, INJMAX is

incremented by INJMIN.

Thus a new innjection technique is described which

10 strives to maintain the F, concentration in the laser 10 near
its optimal value. The technique first estimates the decrease

in the concentration based upon input voltage. The process

of injection involves perturbing the laser gas with a small
amount of F, and then looking for a change in the laser

15 output. An increase in output continues the process of
injection, but a decrease terminates the process. Since the
amount of injected F, is small, the laser F, concentration does

not deviate far from its original value. The technique is
self~learning. Therefore, as the laser operates, all of the

20 critical parameters of the F, injection technique are
automatically adjusted to mwaintain nearly optimal F,

concentration.

Pulsed laser applications, such as materials

processing, require a known amount of laser energy incident

25 upon the material being processed. In fact, in most of these
applications, process control is achieved by controlling the
energy incident upon the surface of the material. Therefore,

an industrial laser is equipped with an energy detector which

measures the energy of each laser pulse. The laser-based
30 micro-controller communicates the energy to the user’s
controller. Upon command from the user, the laser-based

microcontroller can adjust its operating conditions to
maintain constant laser energy or change the laser energy to

2 new value,

35 Occasionally, a malfunctioning component or sub-
system in the laser can result in less-than-expected energy.
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is renoved fromthe gases 36 as by filtering the gases. The debris na% be
produced WO MME At of the electrical discharges between the® CHURIISTIIE

and the anade 20. The recircul ation of the %gses 36 nay be provided by a

fan 50 (Figure 1) having bl ades 52. A cap 5&3in Figure 4 provides a support
rrows, 58 i

for the fan 50 and the nmotors drivi thef%%‘.r As$h8vmoby1§1 Ln
Figure 1, the PRFI5OIAH | FRETENe YEUT 383 NpRE df SFRP FCGurts B HughRdt Fan
el ectrical di seleauje dmed @ chiproumpasesentsol aci Typacedlyy afvihe G@sek
gas 9 ne%ﬁ%StHEUEQtﬁgeeffonp/aB/ 88e3C08BA7 rREAVI H88gE OF thdONkIsRR
of the gases 36710 Be SI phone : . ]
controller can be programmed to terminate laser operation.
5 Trained service personnel are then required to isolate the
malfunctioning component or sub-system. Experience has shown
that trouble-shooting for the cause of lower than expected
energy can be laborious and long. This is especially the case
when the problem occurs only when the laser is operating, i.e.
10 under dynamic conditions. Dynamic problems require the use

of specialized diagnostic tools operated by well-trained

service personnel.

An example of a dynamic problem is a thyratron which

switches energy from the capacitor to the laser before it is

15 triggered (i.e. the thyrétron prefires). The equipment to

detect a thyratron prefire is a pulsed high-voltage probe and

a digital storage oscilloscope. On the other hand, a static

problem manifests itself even when the laser is not operating

such as from a dirty laser window. Simple visual inspection

20 can usually detect dirt on a laser window. Therefore, these
problems are relatively easy to isolate and solve.

Industrial equipment with built-in dynamic
diagnostics to monitor system performance are now being
routinely used. These diagnostics reduce equipment down time

25 by helping the user isolate the cause of the problem.
Additionally, they provide valuable data to the equipment
manufacturer about component or sub-system pérformance and
lifetime. This embodiment of a laser system incorpdrates a
novel implementation of microprocessor controlled diagnostics

30 built into an industrial laser such as an excimer laser.
These diagnostics are placed in various critical locations in
the laser. The microcontroller continuously monitors these
diagnostics. When it detects a low energy pulse, it examines
"and analyzes its stored data from these diagnostics and

35 informs the user about the likely cause of the problem. In
their absence, the user might have to resort to a series of

- trouble~-shooting steps to first duplicate the problem and then
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fromthe housing 11 for filtering by a filter 64. The filter 64 nﬁy be
construct &D 84/1393wn and di scl osed in patent 4,959, 840. The PLTW{¥393510805 -
renoves the. debris (foreign matter) or contami nants fromthe gases 36
After filtering, the gases 36 are returned i2do the housing 11. A portion
of -the clean gases fromthe filter 64 may- be noved past the optical

el enent 46 and dFelape Chie ERBAENt CAPPPARNBt her end to clean the opti cal
el enents. Apparatus for cleaning the optical elenment 46 and the other

appar at us. 1 or. ol eani ng 1 ha™ REGH Hh D Bena e JLEA aRAL bR o RRePT Piear LY
appl i cati on Ser dekscKdbed7/@insh 38bef iHakp opfNothe 2 cur@d2 tiiweRobev-Fharki rin
for "Apparatus, pagd Vet Hod aha YobDt aERERIsRef! 23RN tHENAAY IR 13 L3S fumiida
aSS|gned. S in Figures 17 and 17B, and the numbered paragraphs below refer
to such numbers in Figures 17A and 17B. The details of the

diagnostic hardware are not described. Most are voltage or

current sensors whose analog outputs are converted by analog-

to~digital converters and then monitored by the laser-

10 microcontroller. Wherever required, the signals are
appropriately filtered for noise (radio frequency) reduction.

(1) The laser microprocessor-based controller 118
determines that the laser energy is below the user’s specified
value by an amount greater than the user specified tolerance.

15 The laser is shut down and requests service from the user.
In the following steps, the microprocessor-based controller
118 analyzes its stored data and indicates to the user the
probable cause.

(2) The microprocessor-based controller 118 checks

20 whether the magnitudes of low voltage power supplies in the
laser (5, 12, 24, 48, 6.3 VDC, etc.) are within specified
tolerances. Since some of these voltages are used as
references, significant deviation in their magnitudes can
cause calibration errors. _ _

25 '(3) Replace the appropriate faulty power supply.

(4) The micro-based controller 118 now checks the
DC voltages on the thyratron trigger board 144 (see Figures
10 and'll). Proper voltage sensors at key locations on the
board indicate whether the power supply or the critical solid-

30 state switching elements are operating normally. The DC
voltages not only generate the pulses to trigger the thyratron
142, but also various bias voltages required for proper
operation of the thyratron.

(5) Replaces the thyratron trigger board 144 since

35 one or more voltages are ocutside predetermined range.

(6) Even if DC voltages on the trigger board 144 are

normal, its sWitEhing elements may be malfunctioning. The
_—
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recor ssignee of record of this application. Thepga
heated cgﬂégaéggﬁfy by the electrical discharge between the catﬁﬁﬁ% ?Eﬁand
the anode 20. It is desirable, however, that,the gases 36 should not remain

heat ed. The gases remmining in the housing ff are accordingly cool ed by a

wat er cool ed h@@&t%qﬁgngéieﬁénte Hedrate IH?eQOCﬁﬁ%&@S% oy e fa%q%mar
upwardly as by a vane Th esetggses accordlng ¥ nove tq the fan 50
circul ation i nFSqPﬁé‘cél kq r FReqitdyRAtFONarA? 28F 19K @nd Hap 6'§h¥ﬁeFicg‘EF€"$

may be provi degehsogegppont ,t heobefnia @vvhnegeisebbhe¥él g;ma@sext(ez)wlpwamri%y
fromthe housi 2t efi t 2

conmuni cati on gﬁ?ﬂggﬁga’ntefjé£ éq%fgﬁgﬂgéngggg %%e%gg% 1%@35r§6ed
and t he i ns@l aahAgcomphiregds t32 refergncesded in t he conpartnent 72.

(7) Replace the thyratron trigger board 144 if one
or more of the trigger pulses are outside the specified
tolerances. , '

. ' (8) The high voltage power supply (HVPS) 105 in

10 Figure 3 has built in diagnostics, typical of any commercial

supply. These diagnostics detect fault conditions inside the

supply and shut it down and report the faults to the
mlcrocontroller.

(9) Replace the supply 105 if a fault is detected.

15 (10) Occasionally, the HVPS may not detect or report
a fault even if it has no output. For instance, if there is
no power to the HVPS (due to a blown fuse), the supply would
neither have any output nor report a problem. The HVPS uses
a voltage sensor coupled with a feed-back circuit to regulate

20 its output voltage. The voltage sensor monitors the output
of the HVPS. A malfunction here can result in an erroneous
output voltage. A corresponding current sensor also exists
in the HVPS. Both of these sensors are monitored by the laser
controller 118. The voltage sensor signal is used by the

25 laser controller 118 to determine whether the HVPS output is
equal to its command voltage. Under normal conditions, the
HVPS charges the capacitors 140 in Figure 19 to the command
voltage. The voltage sensor signal as monitored by the
controller 118 is seen 1in Figure 18a. Once the command

30 voltage has been attained (182), the HVPS ceases to charge the
capacitor. In Figure 18b, the current wave form 198 is shown. .

~ As soon_ as the capacitors 140 are charged to the command
voltage, the charging current ceases.

(11) Before any conclusion can be reached about the.

35 well-being of the HVPS, the controller 118 checks for any
thyratron 142 prefire. Thyratron prefires can be explained
by comparing Figures 18a and 18c. In Figure 18a, after the
'capacitor attains the command voltage 182, the thyratron 142
switches the capacitor energy into the laser as indicated at
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Since the conductor rods 30 receive a high voltage in the ord f _
appr oxi mat &YQ 98{4dA3%3 t housand vol ts (20kv), a corona diSchargééPgﬁﬁgnpﬁb'
occur #n the conpartnent 72. This corona discharge tends to produce ozone
which in turn produces a deterioration in the%nsul ating properties of the

bushi ngs 32 and

he main, insul | ate 28. .Th f f th
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zrdgtee nwiard e dtorimltizteB. bfothepilagsent micrpprocessor
coﬁ@l“o(iﬂa?r i ﬂ@.t i OnHJ:Qe&QP, bmwssggear&%sﬁhges, the
thyratron 142 can self-switch, before the command of the
microprocessor controller 118, i.e. it prefires. The self
switching can be seen at 186 in Fig. 18c. Before the
capacitors 140 have charged to the command voltage, the
thyratron 142 prefires. The voltage of the capacitors 140
drops to zero. Subsequently, the HVPS continues charging the
capacitors 140 as indicated at 188 in Figure 18c, but the
capacitors 140 do not reach the command voltage before the
microprocessor-based controller 118 initiates the thyratron
trigger. In practice, the microprocessor-based controller 118
looks for any drop in voltage once it has initiated a charge
command and before it initiates the thyratron trigger command.
Any drop in voltage is considered to be a prefire of the
thyratron 142.

(12) A prefire of the thyratron 142 is detected and
repbrted. If prefire rate is greater than a predetermined
rate (e.g. 1 in a million), a thyratron change is requested.

(13) If the microprocessor-based controller 118
detects a HVPS current as indicated at 198 in Figure 18b, but
no voltage 180 and 182 as indicated in Figure 18a, it
concludes that possibly the high voltage cable 88 in Figure
6 is defective or shorted.

(14) The controller requests service on the HV
cable assembly.

(15) The controller does not detect any voltage or
current from the HVPS, possibly due to an internal fault in
the HVPS. The supply is probably completely inoperative. It
requests HVPS service.

(16) After every gas refill, the microprocessor-
based controller 118 initializes a counter to zero. As the
laser fires, the counter is incremented. The controller

compares the value of this counter to a predetermined maximum.
(17) If the counter exceeds the predetermined

maximum, the microprocessor-~-based controller 118 requests a
gas refill. This has been described above in detail and is

shown in Figures 15 and 16.
This Sheet Has Been Replaced
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28, an inert gas s ‘mps circulated through the co artnent_72.
As t ReVOrsi/11982s no I‘ | npartnment 72, it carries tReldiA3E10808h
t her eby. renovi n m t he conpartnent imediately after the
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predetermlned maximum.

(19) If any one of the counters exceeds its llmlts,

service 1is requested.
(20) The laser chamber counter is checked against

its predetermined maximum.

(21) If the laser chamber counter does not exceed
the maximum, the user is asked ;o'check the calibration of the
laser energy detector against an absolute energy/power meter.

(22) If the laser detector is miscalibrated, the
user is asked to calibrate the detector against the power
meter.

(23) If the calibration is satisfactory, the user
is asked to examine the laser chamber for any obvious defects.
The user’s attention is then drawn to a trouble~shooting
manual which elaborates possible chamber problemn.

(24) If the chamber shot counter exceeds the

maximum, the user is requested to replace the laser chamber.

An automated laser diagnostic system for an
industrial excimer laser has been described and is shown in
Figures 17A and 17B. The signals from several dynamic and
static diagnostic sensors are stored and examined when the
laser’s performance is below par. The stored data is compared
to predetermined values, and any deviation is reported to the
user as a probable cause - all of this in a fraction of a
second. Oon the other hand, the absence of automated
diagnostics would require special tools, skilled workers and
valuable manufacturing time to achieve the same results.

Although this invention has been disclosed and
illustrated with reference to particular embodiments,:the
principles involved are susceptible for use in numerous other
embodiments which will be apparent to persons skilled in the
art. The invention is, therefore, to be limited only as
indicated by the scope of the appended claims.



connunlcates with one end of a hose 84. The other end of the ?ﬁﬁ
ext ended tHPAdGHO82fitting 86 (Figure 3) made from an insul at |%€f t”/elr(’?(?i‘l

The inert gas is then exhausted to the atnosphere. The exhaustion of the
inert.gas to the atnosphere does not have anybdeleterlous effect since the

at nosphere i s conposed primarily of n|t Jngh voltage wire 88
(Figure 6) is centered in the hose 84 ( 'QUfe- -and is electrically
insulated in the hose by the coaxial insulating nmaterial on the wire and by

the inert gas such as nitrpgen.ap 5py%uglggﬁﬁghgqg% :Wre 88 is electrically
coupled to a holl ow annul ar contact 90 .a end where the hose 84 is

coupled to the fitting 863'ﬁﬂ¥§hﬂ3n%$¥¥85 Fh@°%Pﬂ§n§§quCPHFFEHEEéR“Vhrough
the electrical contact 90 aridhssar dlaading cal awdacEnd2 (Faghode Sdisposdd in

upper 5 spaced relationship in the housing,
heater means supported by the housing for heating

the area within the housing,
means for producing an electrical discharge between

the anode and the cathode,
10 _there being gases within the chamber for ionization

and chemical reaction upon each electrical discharge between
the anode and the cathode,
a heat exchanger dispoéed within the housing for
cooling the gas in the housing,
15 means for regulating the.témperature within the
housing to a particular value on a continuous basis, and
means for providing an additional regulation of the
temperature within the housing upon each electrical discharge
between the anode and the cathode.

20 2. Apparatus as set forth in claim 1,
wherein the temperature regulating means includes
means dispbsed within the housing for providing for a flow
of water through the chamber to cool the gases in the housing,
wherin the heater means for heating the housing and means for
25 cooling the housing to regulate the temperature of the gases
in the housing to the particular value and wherein the housing
is made from a metal having properties of conducting heat and
having non-corrosive properties, the housing having a

- homogeneous construction,

30 . the temperature regulating means including a
temperature probe supported on the housing and extending into

the housing.

3. Apparatus comprising:
a housing made from a material having non-corrosive

35 properties and having properties of conducting heat into the

housing,
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housi ng “79Qe#1t%32ough conductors (not shown) to the anode ofPEUNPAOPGH
142 in Figures 10, 11 and 19. A swivel joint 94 (Figure 6) nmade froma
suitable electrically conductive material i%° provided as a part of the

11 hose 84 and a col.lar 96 (Flgéres 5.and 6) é? ten gd fro t he smgvgée
joint 94 in electrically*toupf ®r ePRE ofshi FPWRTTE t nE2EROFES %1 nt SPACeR,
el ectrically medmhianshlp stoierch o8thex %EwnmntQMBamoeﬁenﬁnd to t he collar

96 and at the other end ¢ @leals | sakb¥igeBduchivg Sdr?@ven%% Ihe the

sl eeve 100 and the spri g 98 are .di sposed on an |nsulat|n% menher 102
cathod e for periodically producing an ele rlcal dlscharge

5 between the anode and the cathode,
there being gases in the housing for ionization and

chemical reaction,
' heater means supported by the housing for heating

the-housing,
10 second means disposed within the housing for passing

a fluid through the housing to cool the housing,
a probe supported by the housing and extending into

the housing for determining the temperature within the

housing,
15 third means responsive to the temperature of the

probe for continuously regulating the temperature of the gases

within the housing to a particular value, and
fourth means responsive to each electrical discharge

between the anode and the cathode for providing for a cooling
20 of the temperature of the gases within the housing to
compensate for the heat produced as a result of such

electrical discharge.

4. Apparatus as set forth in claim 3, wherein
the fourth means is operative to provide for the
25 passage of the fluid through the second means upon each
electrical discharge between the anode and the cathode and in .
accordance with the magnitude of the electrical discharge

between the anode and the cathode, wherein
the housing is made from a metal and the first means

30 passes water through the housing to cool the housxng and |

wherein
the heater means are supported on the housing

externally of the housing.

5. A method of regulating the temperature of a laser

35 including the following steps:
providing a housing with a homogeneous composition,

disposing an anode and a cathode of the laser within
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The spring 98 is constraihed so that the sleeve 100 normally engages the
contact 90wanal/gresands the contact. Wien the contact 90 is exPehde?3198es5 .
t he housing, the sleeve 100 beconmes wi thdrawn on the insul ator nenmber 102
fromthe contact 90 so that the ground on tBh@ contact 92 is renoved.
Voltage can then be applied to the contact 90 froma high vol tage power
suppl y 105 (Fi §beehgysSiBdeharge a capacitor 140 in Figures 10, 11 and 19.
Figure 7.schematically sB@¥po8ingr gasgsneitthiier tiveetichding e ardﬁigalttmm
tenperature of _the gases 36 in.t.he housin 1 (Fi.gure.l t_a particul ar
val b, The: houMFRaRT e bk aetidh HReR 48 srecs A5 ahkeRrodenit Brpluea
havi ng non- cobeteeer the ahederandl tiecoatbedeve properties. The housing
11 is prefesably providegr¥i18ingi feyym RiERBEELES Fiddharges between the

anode and the cathode on a periodic basis, '

continuously regulating the temperature of the gases

within the housing at a particular value, and
. additionally regulating the temperature of the gases

10 within the housing upon each electrical discharge between the

anode and the cathode:

6. A method as set forth in claim 5, including,
additionally regulating the temperature within the
housing in accordance with the magnitude of the electrical
15 discharge between the anode and the cathode, by the steps of:.
disposing a heater on the housing externally of the
housing,
providing for a flow of water through the housing
to cool the gases within the housing, and
20 supporting a probe on the housing and extending the
probe into the housing to measure at each instant the
temperature of the gases within the housing.

7. In combination in a laser,
a housing having non-corrosive properties,
25 an anode and a cathode disposed within the housing,

means for providing electrical discharges
periodically between the anode and the cathode,

there being gases within the housing for ionization
and chemical reaction upon each electrical discharge between

30 the anode and the cathode, and
means for recirculating the gases to clean the gases
and for reintroducing the gases to the housing after each
circulation,
the recirculating means including a pair of motors
35 having substantially identical characteristics and further
including a fan commonly driven by the pair of motors, each

of the motors providing a current to rotate the fan,
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providing the chamber with a configuration of a single ar i Al hi s
uni form gﬁﬁﬁ“fﬂé@? on of the housing 11 is desirable in precrgé—?glﬂ@e;éhqsg I ng
the tenperature of the gases 36 in the chapber. A heater 112 is disposed on

t he housing 11 externally of t he housi ng. Afluid such as water is di sposed

in-areceptacle such asag eeClJlJCzh]]aq:d_L‘%g gggﬁgngfd_g}#heg?ﬁ_g\@_@églm% g?gns.

pi pe 114 is recircul ate 'S Co0 arr
Such recircul zespanahdeate wm)mortgtapea\lespeedoqﬁ the tﬂaé'l and ghe gurrents

di sclosed in patept folaPsSel. ﬂégﬁfé'i{)@r%é”ﬁo@é@?@nﬁ $50€ 0 #16nexEgAdat
into the housing 11 to sense the’tenperature of u&ases 6 in the

housi ng. A ni BrRdrbteskay ‘b’e?élﬁjaéén??o??@%lﬂtl% the GuFeentse th&P@a’E‘PBﬂESOf
tenperature fromthe sensor 116.
5 8. In a combination as set forth in claim 14,

the regulating means being operative to maintain the
currents in the motors at substantially equal values while
regulating the rotational speed of the fan at the particular

value;
10 the pair of motors and the fan having a common

sharft;

means associated with each of the motors for
preventing the electrical discharge between the anode and the
cathode from affecting the operation of such motdr;

15 means associated with each of the motors for
minimizing shocks and vibrations in the shaft common to the
motors; and

means for regulating the temperatures of the

gases within the housing at a particular value.

20 9. Apparatus comprising:
a housing made from a material having non-corrosive

properties,
an anode and a cathode disposed in the housing in

spaced relationship,
25 means for producing an electrical discharge
periodically between the anode and the cathode,
there being gases in the housing for ionization and
chemical reaction upon the occurrence of the electrical
discharges between the anode and the cathode,
30 . means for regulating the temperature of the gases
within the'housing continuously at a particular value,
means for additionally regulating the temperature
of the gases within the housing in accordance with the
occurrence and the magnitude of the electrical discharge

35 between the anode and the cathode,
means including a pair of motors and at least one

fan on a common shaft for recirculating the gases in the
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Based upon the tenperature indicated by the sensor 116, t . N
i cropr oc¥ ¥ 1h%2ed controller 118 provides controls to thegﬁgé¥%%yy%§5and
the cooling fluid 114 to regul ate the tenpeé?ture of the gases 36 in the

housing 11 on a continuous basis. This tenp

ature provides for an opti nal

eat conductor,
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the currents through the motors to provide substantially equal

contributions from the motors in driving the fan at a

particular speed.

10. Apparatus as set forth in claim 9, wherein

the temperature regulating means including a probe
in the housing and a heater supported on the housing exterior
to the housing and means for recirculating a fluid through the
housing to cool the housing.

the housing is made from a metal,

the speed regulating means including a
microprocessor for receiving indications representing the
speeds of the motors and the currents through the motors and
for operating upon the indications of the speeds and the
currents for regulating the speeds of the motors at the

.particular value and the currents through the motors at

substantially identical values, and
the temperature regulating means includes means for

producing an increased circulation of the fluid through the
housing upon the occurrence of each electrical discharge
between the anode and the cathode and in accordance with the
magnitude of each such electrical discharge.

11. Apparatus comprising:

a housing, |

an anode and a cathode disposed in the housing in
spaced relationship to each other,

. means for providing electrical discharges

periodically between the anode and the cathode,

there being gases in the housing for ionization by
the electrical discharges between the anode and the cathode
and for chemical reaction after such ionization, and

means for regulating the concentration of at least
one of the gases in the housing to obtain an optimum
efficiency in the ionization of the gases and the chemical

mmnww - iiiiiGe



housi ng  #lo 9l/139ar ti cul ar value on a continuous basis, whether/usss/iosser
is'operating or 1dle. Figures 8 and 9 show an arrangenent for driving the
fan 50 (Figure 1) for cooling the gases 363gn the chanber 11 (Figure 1). To
conserve space, two (2) notors 122a and 122b are provided on a common shaft
126 to drive téactiaonibBetWhennbhergasegs2?2a and 122b have

substantially I denti cal characteristics. The operation of the notors
122a and 122b is controlled by the m croprocessor-based controller 118 so
that the notors drive the fan at a particular speed. This regul ation may be
provi ded by di sposing aitachnppieatig8aen déte s6ath 1746 clinbylint fotluhend

the output of,th achoneter 8 to rthe mcroprpcessor .Fro e sjpgnal
provi ded by t+ﬁFf%éﬁ%%eF8Pnf2 or maintalning £RE %empé%giure &géﬁﬁn LR ,

housing at a particular value, and
5 means for recirculating the gases in the housing and.

for filtering the gases during such circulation and wherein
the regulating means including means for measuring
the energy obtained from the chemical reaction of the gases
_ upon each electrical discharge between the anode and the
10 cathode,
the regulating means further including means for
introducing the at least one of the gaées in increments until
the at least one of the gases produces an optimum energy in
each chemical reaction and for introducing the at least one
15 of the gases in increments for a short time thereafter until
the energy in the chemical reactions starts to decline from
the optimum value, and
the gases have properties of producing an optimal
energy from the chemical reaction of the gases upon each
20 electrical discharge when the at least one of the gases has
a particular concentration in the housing, and
the regulating means being operative to introduce
the at least one gas into the housing until the at least one
gas has a concentration slightly greater than the particular
25 concentration in the housing and being operative to prevent
any further introduction of the at least one gas into the
housing until the at least one gas in the housing has a
concentration slightly less than the particular concentration,
| the gases in the housing are krypton and fluorine
30 to obtain a chemical reaction for the production of krypton
fluoride,'and
the regulating means is operative to regulate the
. concentration of fluorine in the housing at substantially the

particular concentration.

35 13. Apparatus comprising:
a housing having non-corrosive properties,

A
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neaéurenenarﬁ%bgﬁggcroprocessor 118 determ nes the rotational pgpaeshsPfoghde
. e C '

shaft 126. r opr ocessor-based. controller 118 then introduces

signals to.the nmotors 122a and 122b to regul ae the speeds of the
not ors. In addition, the mcroprocessor-based controller 118 receives

fromthe notors 122a and h2Rrdadl Gaid anscHthéde Gipesés im the ABLSISy in
processes these indi at#ﬁn .and_i.ntroduces signals to the notors to

regul ate the cufPEFES £ ¢R"tR&Prot ors so that the currents are
substantially equal . | nmelns waytort he protwidirip2a ebecti2ialri vdistmafges

46 at the parti guh35430899,0Be2aahARAE] ai3HeS ant"enPLathoke22 and 1220
and the shaft 126 are also . . . o .

] ‘ there being gases in the housing for ionization and
chemical reaction upon each electrical discharge between the
anode and the cathode,

the gases having properties of providing an optimal
energy upon each chemical reaction when the concentration of
10 at least one of the gases in the housing is at a particular

value,
means for regulating the concentration of the at

least one gas in the housing at the particular value in
accordance with the amount of energy in each chemical
15 reaction,
means for regulating the temperature of the gases
within the housing continuously at a particular value, and
means for providing an additional regulation of the
temperature o¢f the gases within the housing upon each
20 occurrence of an electrical discharge between the anode and

the cathode.

14. In a combination as set forth in claim 13,
wherein
the concentration regulating means including means
25 for introducing the at least one gas into the housing until
.the amount of energy in each chemical reaction starts to
decrease and for interrupting the introduction of the at least
one gas into the housing until the amount of energy in each
chemical reaction starts to decrease,
30 the housing is closed and being made from a single
material having heat conductive properties,

T the temperature regulating means includes a probe
supported by the housing and extending into the housing for
measuring the temperature within the housing and further

35 including means supported by the housing externally of.the
housing for heating the gases in the housing and further
including means disposed within the housing for passing a
fluid through the housing to cool the gases in the housing,
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1 3 shownwgpokiigose 9. In Figure 9, the shaft 126 is rotat abPETAISIBENBINGS
130 and 132. The bearings 130 and 132 are supported on a case 134 nade
froma-suitable material such as stainless stseel. The bearings are spaced
fromthe case 132 as by nounts 136 and 138 nade froma resilient materi al
such as a fluornshtfartdieastioneiuding:n this way, - any vol tages generated as
a result of the electrical di sghajoesBet wegRitba1621AgdeLhd8 §adethe; pnade

20 are isolated electrically. Furthernore, any vibrations in the notors
122a and 122b &¥sdped"Fi gures 10 and 11 show an arrangenent for cooling
t he conponents which proaieahds hefowl t ggatpulines appéi edalsed heduring such

5 recirculation.

15. Apparatus comprising:
a housing having non-corrosive properties,
an anode and a cathode disposed within the housing
in spaced relationship to each other,
10 means for producing electrical discharges -
periodically between the anode and the cathode,

- there being gases within the'housing for ionization
and chemical reaction upon each electrical discharge between
the cathode and the anode,

15 means for regulating the concentration of at least
one of the gases in the housing at a particular value in
accordance with the energy produced in each chemical reaction.

16. In a combination as set forth in claim 15,
wherein
20 the gases having properties of producing an optimal
energy upon each chemical reaction when the one gas in the
housing has the particular concentration, ,
the regulating means being operative to introduce
the at least one gas in increments into the housing until the
" 25 concentration of the at least one gas in the housing has
produced the optimal energy'in the chemical reaction and has
thereafter produced a decrease in the optimal energy in the
chemical reaction and to interrupt the introduction of the at
least one gas into the housing until the concentration of the
30 at least one gas in the housing has produced the optimal
energy in the chemical reaction and has thereafter produced
‘a decrease in the optimal energy in the chemical redctions,
the recirculating means includes a pair of motors
each operative to produce a current and te produce a driving
35 force in accordance with such current and further including
at least one fan commonly driven rotationally by the motors
and further including means for regulating the operation of
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cat hode 1840 glppmB2conponents include a pair of capacitors 14ﬁcr,a;39by1rog§5“ on
142 and a trigger board 144 on which electronic circuits are disposed. The
conponents al so include a power supply 146 fag the thyratron 142. Wen the
capacitors 140 becone charged to a particul ar voltage by the high voltage
power supply Yhe mdtors thd giprainbaded rotd&ionr bggehe faheathyrpérovoicular
causi ng the cap S C t he Quodh r uist.s
controlling the%?r feggr;e?%\ﬁgc%f Q%EQ?H :%t ron lTb](;a%elirye %P?Ekn%um%ﬁéfhe&arégé
and are d|sposeWQ&¢nﬁueﬂﬁQWﬁHﬂtﬂﬁﬁmﬁﬁciﬁdlnvﬁe power supply 146 provides

power to the thyratron 14%ealn? @&Ur&ﬁﬁtlﬁmlﬂﬂ-,r@gdldﬁlﬁ@oilﬁéi ﬁéhdperature
cool I n Itors

lated _th | osed
Lhyratron 143, O WA GBS0 04t 1ha F 40 SR Noihr 2HARES CEAE value, ahd®

means for further regulating the temperature within
the housing upon each occurrence of an electrical discharge
between the anode and the cathode and in accordance with the:

energy in such electrical discharge.

10 17. Apparatus as set forth in claim 16, further

including
a heater supported by the housing externally of the
housing, :

\ means disposed within the housing for passing a

15 fluid through the housing to cool the gases in the housing,

a probe supported by the housing and extehding into
- the housing,
the housing being homogeneous and being made from
a material having heat conductive properties,

20 means including the heater, the fluid means and the
probe for continuodsly regulating the temperature of the gases
in the housing at a particular value, and

means including the fluid means for regulating the
temperature of the gases in the housing upon each occurrence

25 of an electrical discharge between the anode and the cathode
and in accordance with the energy in such electrical

discharge.

18. Apparatus comprising:
a housing,
30 an anode and a <cathode disposed in a spaced
relatlonshlp,
. means for applying voltages pulses between the anode
and the cathode to produce an electrical discharge between the
anode and the cathode,
35 - there being gases disposed in the housing relative
to the anode and the cathode to become ionized and chemically
reactive as a result of the electrical discharge between the

This Sheet Has Been Reﬁlaced




The cl 05?»3?1;19/‘??9 8 includes fans 150 for driving the air inpthassszonsos

| oop and

SO0 includes a nedium such as a source 152 of a cooling fluid

such as water for cooling the air. An array-pf small tubes 154 such as
t hose "provided by Hexcel are disposed between the fans to direct the

novenent of thgcdd drd tie Raithddyli cat ed by the arrows. As shown in
Figures 10 and 11, the recirculating air st ot apagl tor 0..., A
portion of the air then 96 %?IFO g.r?va{'r?l&q f?c%q'fg‘% ‘Pﬁ % \/\gﬁ?{@Sga%ﬁt ottﬁe
spdace bet ween vidicadgsy rratlksen niedhsang @vrahsthatvolktade rpwysdoteanse . 14
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means for recirculating the fluid to provide for a
cooling of the fluid after moving the fluid past the voltage
pulse means, and _

means for cooling  the fluid during the fluid

recirculation.

19. Apparatus as set forth in claim 18 further

including

means for providing a flow of a portion of the
cooling fluid past the triggering means, and

means for providing for a flow of another portion
of the cooling fluid past the means for providing for the
operation of the triggering means, and wherein

the voltage pulse means includes at least one
capacitor and including means for triggering the discharge of
the at least one capacitor and further including means
responsive to the charge in the at least one capacitor for
providing for the operation of the triggering means,

the cooling means for the voltage pulse means

includes means for providing for the flow of the cooling fluid

past the capacitor, the triggering means and the means for
providing for the operation of the triggering means,
the triggering means includes a thyratron, and

further including
a chimney made from a dielectric material and

enveloping the thyratron,
means for providing for a flow of a portion of the
cooling fluid between the thyratron and the dielectric

chimney,
a circuit board being included in the means for

providing for the operation of the triggering means, and
means for providing for a flow of another portion
of the cooling fluid past the circuit board.

20. Apparatus comprising:

a housing,
' This Sheet Has Been Re
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froma suitable material such as a ceramc. The air cools th ron
142 as it‘?%&ﬁznpﬁ'the space between the thyratron 142 and th@ctﬁ¥%§éy&%%0.

The air is-then exhausted through a port 161 Fnto a pipe 162 included in
t he cl osed | oop. Another portion of the air fPows t hrough an opening 164

nto a passageway 166 defLpednbyet Bial QVelattiyhdla {dfodHISINI EHE WL iy in
(Figure 3) and a gui de nenber 168 dlsposeg on the chimey 160. This portion
of the air flowsPPpGeE FRL2pIRBENERPPPYe2%B SkBeENong the trigger board 144,

which is provided with cuhgeflscadd gptaaheaagatvdald&gappgmaad |1ﬂ§!&f£\ocﬁiﬂ:£k>11fy0
guide the air for,npy t along the trigger I nd t into the. .
BEciRYAERE Anddd I LA 0BRRERE, cB ErdaRe, Beh Al enisal

exhaust port 16
and recircul at edisghahgefbetwesl thet anodeosnd thepcatBode,

there being gases in the housing for ionization and
chemical reaction as a result of the electrical discharges,
means for providing for a recirculation of the gases
through the housing,
10 means for providing a filtering of the gases during
the recirculation of the gases,
means for providing for the flow of a cooling fluid
past the pulse-producing means,
the pulse-producing means including at least one
15 capacitor, means for triggering the discharge of the capacitor
and means for providing for an operation of the triggering

means,
means for providing a recirculation of the cooling

fluid, and
20 means for cooling the cooling fluid during the

recirculation of the cooling fluid.

21. Apparatus as set forth in claim 20, further
including:
means for producing the flow of the fluid past the
25 at least one capacitor, :
means associated with the triggering means for
insulating the triggering means and for co-operating with the
triggering means in providing for a flow of the portion of the
fluid past the triggering means after the flow of the fluid
30 past the at least one capacitor,

. means for diverting another portion of the fluid
from the flow past the triggering means and for providing for
the flow of such other portion of the fluid paét the means for
providing for the operation of the triggering means,

35 means for providing for a flow of a first portion
of a fluid past the triggering means, and
means for providing for the flow of another portion

of the fluid past the means for providing for the operation
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Figure
(F2) is %ﬁ%??e

hor.i zontal axis and in which the energy in each

)13;@2 a curve 170 in which the concentratipOrafSosli08es ne
on the

Qut put. pulse is plotted on the vertical axigg Figure 12 al so shows another

~curve 172 in which the concentration of fluorine is plotted on the
hori zont al axisof atidei tribyebhihemedhsci ency (in percent) of the | aser

plotted on the vertical ?é% eikbfﬁeeagé§geg§¥W%?PQEEQS§gfg}téﬁgr éé%éﬁ?n

| aser energy and input e

n, the ra

rrcal ener

enérgy in eachobutpet tpipgeringt heanasés ddsprgedhenechf HRAAE BPaYR, and
magni tude of the radiatigeag9er8y pRoea@ingUtRE! fRBlSef RH RS Iportion

relative to the magni tude of the i nput ener reach ,a, peak_at. subst anti al
the same co?me‘?ﬁ%“'égi%eﬁ?tﬂ’%o?? rﬂeuf‘# t‘ﬁ?‘ f‘fgﬁ'ﬁ%é’%ftl if %&‘ﬁ $ u’a‘? past Y

concentrati on tHe agjxroxiteabeayd.
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22. Apparatus comprising:

a housing,

an anode and a cathode disposed in spaced
relationship in the housing, _

means for introducing a voltage pulse periodically
between the cathode and the anode to provide for an electrical

discharge between the anode and the cathode,
there being gases in the housing for ionization and

chemical reaction as a result of the electrical discharge
between the anode and the cathode, '

means for regulating the concentration of at least
one of the gases in the housing to obtain an optimal energy
in the ionization and chemical reaction of the gases,

means for recirculating the gases,

means for filtering the <gases during the
recirculation of the gases, '

means for moving a fluid past the voltage pulse
means to cool the voltage pulse means,

means for recirculating the cooling fluid after the
movement of the cooling fluid past the voltage pulse means,

and
means for cooling the fluid during the recirculation

of the fluid.

23. Apparatus as set forth in claim 22, wherein
the gases producing an optimal amount of energy in
each ionization and chemical reaction when the at least one

gas has a particular concentration,
the means for regulating the concentration of the

10 is

gases includes means for providing for the introduction of the

at least one gas into the housing until the concentration of

the at least one gas in the housing is greater than the

M
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0.068% of fluorine [err]. As wll be appreciated, the |aser %ng <
cont ai ns KY §'6ﬁ9372n a concentration in the order of one percent %%9803 :
The renalnder of the gas in the laser 10 conﬁhltutes a neutral gas such as
neon. Figure 13 also shows two (2) curves each with the concentration of

flu I}QEE%?
Cturve 170 Qbﬂk@ﬂ%fy{ﬁgﬁiﬂyyl hlréﬁg?§%en tﬁ%ﬁé%%#%ﬁg%gﬁ§ln g o

the curve 172 in show n e rel ati ons

oper ati on of th@aF§séPQRF%ﬁﬁPQrﬁﬁqI?Rﬁmh@?{eF?TCEbﬂEeﬁfr&PFoﬁaseﬁAQﬂﬂwﬁPr
176 15 shows theeeaditalr dntkirpubetingefhehenvrditictionnanosee antisjeadt one

gas into the housing until the concentration of the at least
5 one gas in the housing is less than the concentration for
producing the optimal amount of energy in each ionization and
chemical reaction of the gases, -
the voltage pulse means including at 1least one
capacitor, further including
10 means for triggering the discharge of the at least
one capacitor and means for providing for the operation of the
triggering means, and wherein
the fluid moving means providing for a movement of
the fluid past the capacitor to cool the capacitor, a movement
15 of a portion of the fluid past the triggering means to cool
the triggering means and a movement of another portion of the
fluid past the means for providing for the operation of the
triggering means to cool such means and further including
means for measuring the amount of the energy in each

20 ionization and chemical reaction.

24. Apparatus'as set forth in claim 23, wherein
the triggering means including a thyratron having
a filament and a dielectric chimney enveloping the thyratron,
the cooling means for the charging means provide for
25 the movement of the portion of the fluid between the thyratron
and the chimney,
the cooling means for the triggering means provides
for the movement of the another portion of the fluid outside
of the chimney and past the chimney and further including
30 means for passing an electrical current through the
thyratron filament, wherein '
.the cooling means for the triggering means provides
a movement of another portion of the fluid past the current
means for the thyratron filament to cool such current means.

35 25. Apparatus comprising:
a housing having heat conducting properties,
an anode and a cathode disposed in a spaced
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the outpy !Mprigs from the laser 10 for different copeanussd/ieses of
fluorine (F2). w Il be seen, the peak efficiency in the curve 174 and
the peak in the pulse width in the curve 17G;occur at substantially the
sanme concentration of fluorine. This is substantially the sanme
corcentrati on aRlatidrsipigakin athd heuzmimess shown in Figure 12. Figure 14

il lustrates the rel ationsgly e e e '
mllions:-on the verticalag§ﬁ§§ %¥§d§55§ﬁ§§H§E§{|gééggéﬁd%?ﬁégﬁgﬁsgﬂ?ﬁguﬁﬂ$
of Tluorine (tRadds | andt dheax¢athod? gice providams anwee teebvetca ¥ g dsthegge

for two (2) di ffehitin QH UndREHEThe REtHIdee 178 being for pul ses of
ei ghteen kilovolts (18 k bet ween t he cat hode 18 and, t he. anagde 20 and t he

curve 180 bé&ing for pul sé&ded® PREASYIRFRIVHN ¢ ] FVHLME iR+ A& A Hbaed

and the anode. chemdidal reaction upon the occurrence of the electrical
discharge between the anode and the cathode,
means for providing a recirculation of the gases,
means for filtering the gases during the
10 recirculation of the gases, '
a heater supported on the housing externally of the

housing,
means disposed in the housing for cooling the gases

in the housing,
i5 means for regulating the temperature of the housing
continuously at a particular value by selective operations of
the heater and the cooling means,
means for further regulating the temperature of the
gases within the housing in accordance with the electrical
20 discharges in the housing, and
means for moving a cooling fluid past the voltage

pulse means to cool the voltage pulse means.

26. Apparatus as set forth in claim 25,
the voltage pulse means including at least one
25 capacitor, means for providing a triggering of the at least
one capacitor and means for providing for an operation of the

triggering means,
the cooling means for the voltage pulse means

. including means for moving the cooling fluid past the at least
30 one capacitor, means for providing for a movement of a portion
of the fluid past the triggering means, and means for
. providing a movement of another portion of the fluid past the

means for providing for an operation of the triggering means,
the capacitor discharge means includes a thyratron

35 and a filament in the thyratron,

the voltage pulse means includes a power supply for

heating the thyratron filament,
the power supply for the thyratron filament is

- This Sheet Has Been Rerlaced '
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be seen, wi thout any addition of fluorine to the laser 10, thg,.
concent r atY@rP46¥198%e 1l uori ne progressively decreases in a |i nedr 0>/ 10805
rel ati.onshi,p as the nunmber of pulses fromthe_laser increases. The ultimate

conclusion fromFigures 12, 13 and 14 is tha

I n-t he housi ng
concentration
fromthe | aser

2the concentration of fluorine

ld. |
A SR Rt FA ke o Ohnefs S8 Solger pctton of cne
fauddd . ond mfwrEherci wyuding heegper of9%n reFLETA Ljaddeg. the

Thi's can be accempiiinged 10y al, nkhial |y increasing the concentration of the
fluorine in the housing 11 in ingrenments.until the etficiency.in.th
operation of the |aser 10™&R8St fé’rrm‘i?ﬂzﬁ‘f‘gnetr’lfi/ FP8m'He {t\éeé fiﬁffs‘ggset}f%
peak val ues gndrekdmrcddatdéane slightly.
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27. Apparatus comprising:

a housing,
an anode and a cathode disposed in the housing in

a spaced relationship,
means for producing a voltage pulse between the

anode and the cathode to provide an electrical discharge:

between the anode and the cathode,
there being gases in the housing for ionization and

chemical reaction upon each occurrence of the electrical

discharge,
means for providing for a recirculation of the gases

in the housing,
means for providing for a movement of a fluid past

the voltage pulse means to cool the voltage pulse means,
means for providing for a recirculation of the

cooling fluid, and
means for providing for a cooling of the cooling

fluid during such recirculation.

28. Apparatus as set forth in claim 27, wherein

the recirculating means for the gases includes a

pair of motors and a fan and a shaft on which the fan and the
motors are mounted, and further including means for providing
for a rotation of the shaft at a particular speed and for
providing for substantially egqual excitations in the motor,
and

the amount of energy produced in each ionization and
chemical reaction of the gases in the housing occurs at a
particular concentration of one of the gases, and further
including means for providing alterhately for the introduction
of the one gas in the housing to a concentration greater than
the particular concentration and the consumption of the gases
until a concentration less than the particular concentration.

L i
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No further addition of fluorine to the chanber should then b
the ef fi cWen®y11932t he operation of the laser and the maxinmum %éﬂzﬁgﬁ’/yﬂ %

the | aser increase to peak values and then decrease slightly. In this
way, the concentration of the fluorine in th® housing 11 may be alternately

regul at ed between a val ue r oXl teI and a val ue of
approxi mately 0.066%to oﬁgal Bgﬁaenerglegrgzgé% Substitute sheet

- 12/8/96 fromthe |aser a0hanalp9ak efficiencies in the operation of the

| aser. Experience has sho F _ Lgﬁggeapgﬁaghggh@&siﬁé maxi mum

efficiency has an enhanced re | and I ncreased
a cathode dlsposed in the housing in displaced

5 relationship to the anode,
means for providing a voltage on the cathode to

obtain an electrical discharge between the anode and the

cathode;
the voltage means being disposed in a compartment

10 in the housing,
dielectric means disposed in the compartment and

disposed relative to the voltage means for insulating the

voltage means,
there being a tendency for the voltage means to

15 produce ozone in the compartment because of the voltage
provided by the voltage means in the compartment, and
means for purging the compartment with an inert gas

to eliminate any ozone from the compartment.

30. Apparatus as set forth in claim 29, further
20 including: '
means for circulating the inert gas through the
compartment for exhaustion to the atmosphere, and
means for introducing a fresh supply of inert gas
to the compartment to replace the inert gas in the compartment
25 and wherein:
the voltage means includes a plurality of first
conductive members disposed in a spaced relationship,
the dielectric means including a plurality of
bushings maintaiffing the first conductive members in a spaced
30 relationship and insulating the conductive members from one
another,
an additional conductive member coupled to the first
conductive members and receiving the voltage applied to the
first conductive members and applying the voltage to the

35 cathode,
the circulating means includes a conduit extending

through the housing to introduce the inert gas into the
_ I
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lifetime of the conponents in the |laser. A common technique to 0 rate t he
| aser 10 rero4/t¥3faxi num efficiency is to fill the |aser wi tRCFUsY?3{ 805
ri ght amount of hal ogen and then, as the nunber of pul ses accunul ate,
replenlsh t'he hal ogen donor by injecting a s | anount of the donor into

the laser. For an industrial |aser the proces al pge nje should
be automated. However, thesbrocRRRITATER|IFeRTT hﬁ@ggt H% gi

only if the hal ogen concentmettq:mncmbatkmxyvrmeams e htes @ehosg%ns m xes the
hal ogen concentration is ty Ph £ 1 Vol fﬁ&?%fs s o ane r;y;gé;ergncp 1%

Therefore, the |nstrunentat|on t o neas ogen concentratlon i s too
conpl ex and expensive for %EPPE’WL%WGF%HS Iaa%éfhe 'S off fhendose feroFryRd ing

hal ogen injesti¥ie hose to the housing,
the high voltage lead being coupled into the housing

for introduction to the cathode when the hose is coupled to

»*

the housing, and
means for grounding the high voltage lead when the

10 hose is not coupled to the housing.

32. Apparatus comprising:

a housing,
means for providing a conduit through the housing,

an anode in the housing,
15 a cathode in the housing in spaced relationship to
the anode, |
means for providing voltage pulses to the cathode
to produce an electrical discharge between the anode and the

cathode,
20 there being gases in the housing for ionization by

the electrical discharges and for chemical reaction,
a éompartment disposed in coupled relationship to

the conduit,

means disposed in the compartment and included in
25 the voltage means for introducing the voltage to the cathode,
there being a tendency for the last mentioned means
to produce ozone in the compartment as a result of the voltage

pulses introduced to the voltage means, and
- means associated with the conduit for passing an
30 inert gas through the conduit and into the compartment to

purge the ozone in the compartment.

33. Apparatus as set forth in claim 32, further

including
means for regulating the concentration of at least
35 one of the gases in the housing to obtain an optimal energy
from the ionization of the gases and the chemical reaction of
the gases upon each electrical discharge between the cathode

Sheet Has Been Relilaced
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t echni que: whi ch oper at es the l aser near its optimmefficien |@S
on the fa¥P ¥ bt93¢he hal ogen depletion rate as a function of9¥ﬂ%g%9%ﬁg$§y
i.s knawmn fqr a laser and that this depletioQ_rate is linear as shown by the
curves 178 and 180 in Figure 14. Therefore, After a certain nunber of

putses, the h g C tration can be esti mat ed. An extrenely small
anount of hal O%é‘% '%rzg’ep%ﬁ%géﬂat ion) is then injected into the | aser gas.
This perturbation to theﬂ%@ﬂﬂ'Qﬁﬁ;QRﬁﬁhﬂHQRﬁinEﬁﬁ%%%ﬁ&“geEBPttFWP&ﬁature
i nCrease-or degfed igaskedsah ehkl abaBi¥kg BEPaNpare idRaarvielhel, EHE
perturbation results in an_increase or dgcreaseu%n éaser effickgnc ' oF . th
addi tional increments in™ERBShAHgeRERYEIEAL SdubREET Tt o FERE RSESTh® 1 1 Fhkn
i ncrease i nsl atempefrfitnrenof theagasedi ¢attbe bbéusing upon each electrical
discharge between the anode and the cathode.

34. Apparatus as set forth in claim 33, further
ineluding
a heater disposed on the houéing,
10 , ‘means for recirculating the gases in the housing,
means for filtering the gases during the
recirculation,
means for cooling the gases in the housing,
the temperature regulating means including the

15 heater and the cooling means.

35. Apparatus comprising:
a housing, _
a cathode in the housing,
an anode in the housing in spaced relationship to
20 the anode,
means for applying voltage pulses between the anode
and the cathode to produce electrical discharges between the

anode and the cathcde,

there being gases in the housing for ionization by
25 the electrical discharges and for chemical reaction upon such
ionization, '
a hose,
a grounded covering for the housing,
an electrically conductive sleeve movably disposed
30 on the hose,
a high voltage contact at the end of the sleeve,
an electrically conductive spring disposed on the
hose and coupled to the sleeve and the grounded covering and
constrained to move the spring into engagement with the

35 contact,
means disposed on the housing for engaging the
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a hal ogen-depl et ed | aser gas, and further hal ogen injections tlnugd
until ther®Q%¥/hP32ncrease in laser efficiency. A hal ogen inJEG?ﬂﬁﬁg 10805
resulting in a decrease in laser efficiency is indicative of a gas m xture
which is either too rich or just optinumir1rﬁﬁogen Si nce the hal ogen

i nfection

t he gas nlxture

h -
¢, SHRRVP od) (T e A MLl eforty’s SSHHCETHAER Hhe

just enough to thowsnageahdrtheprempectNM&Smqv¢m¢m¥f@fl§hﬁngls&N&gmnﬂQLtn§
n1croprocessor-bﬁg@glhgp&ggﬁn{ﬁg|éghggcgPm%ﬁgcwenentloned F2 injection

t echni que s
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means extending from the contact to the voltage
means to provide for the 1ntroduct10n of the voltage from the
contact to the voltage means when the contact is inserted into

the housing.

36. Apparatus as set forth in claim 35, further

including
a compartment in the housing _
an electrical conductor extending through the hose

and engaging the contact,

means for applying a voltage to the electrical
conductor, the voltage means being disposed in the compartment
and having a tendency to produce ozone in the compartment upon
the production of the voltage pulses, and

means including the hose for providing for the .
purging of the ozone in the compartment, the purging means
providing for the introduction of an inert gas into the
compartment and for the circulation of the inert gas from the

compartment.

37. Apparatus as set forth in claim 386,
 the inert gas being nitrogen and the purging means
provides for the purging of the inert gas to the atmosphere
after the movement of the inert gas through the combartment,

and further including: _
a grounded retainer having a pocket for

receiving the end of the hose with the contact when the
contact is not coupled into the housing, and

means for providing for a swivelling of the hose to
provide for the disposition into the pocket in the retainer
of the end of the hose with the contact.

38. Apparatus comprising:
a housing,
an anode in the housing,

a cathode in the housing in spaced relationship to
_ -

* c L M -S *
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described for a KrF | aser. The i npl enentation for other ex?kﬁy 2l S
sinflar.‘yoﬁﬁﬁlﬁpaorithn1describeann the foll ow ng paragraphs |gsa Z%ﬁb
self-learning in the sense that it corrects {or situations when a hal ogen
is injected either too soon or too late. In fhe enbodi nent of the invention
shown in Fi gur s, d5,308e 16, the mcroprocessor controller 118 commences its

[err] injection progran1hhen the | aser chanber is filled with fresh | aser
gas. In this exanple, tYielFagermgasss fate 3@RMILIE YPLERPRePUASES thRe the

buffer gas nesdthodeTHE obt&LapeQeetFicalodiseagigekl batricdmslia ¢dthode
non-vol atile Menor y, 2 | ook-up table pertaining to F2 consunption as a
function of in Y ?aﬁ%ogﬁd the nunber of |aser pulses. The data in the

| ook- up talBe is based ovhereadhéiny maseetin thet hohedngeféorienization and

chemical reaction in accordance with the electrical discharges
between the anode and the cathode,
means for regulating the concentration of at least
one of the gases in the housing to obtain an optimal amount
10 of energy in each ionization and chemical reaction of the
gases, '
a compartment,
the voltage means being disposed in the compartment,
there being a tendency for the voltage méans to
15 produce ozone in the compartment in accordance with the
application of the voltage pulses by the voltage means to the
cathode, and |
means for providing for the purging of the ozone in

the compartment.

20 39. Apparatus as set forth in claim 38, wherein
the purging means includes means for circulating an
inert gas through the compartment, and the circulating means
includes a hose, and further including '
means for continually regulating the temperature of
25 the gases in the housing to a particular value, and
means for additionally regulating the temperature
of the gases in the housing upon the introduction of each
voltage pulse to the cathode and in accordance with the
- magnitude of such voltage pulse,

30 means disposed in the hose for introducing into the
housing, the voltage pulses for introduction to the cathode to
obtain the production of the voltage pulses between the anode
and the cathode, the means for introducing the voltage pulses
into the housing including a wire disposed in the hose and

35 also including a contact at the end of the hose for insertion
into the housing and further including means providing an
electrical ground covering on the hose and resiliently
disposed on the hose in engagement'with the cohtact before the

This Sheet Has Been Relilaced
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simlar |asers. Experience has shown that |asers which are Siﬁt* rJ n c o
constructi¥® %4!11982'[ put perfornmance have approximately the sa ’é% 3/1080s> -
consunpti onscharacteristics. A sanple table iz shown in a graphical formin
Figure 14A. Figure 14Ais a curve showng th relationship bet ween t he

nufrber of pul ses; hgr gﬂugfng: Qe dsh | '[.ﬁcr e HAE{ tﬂ{%ﬁeﬁéﬁhﬁ@&n the

fluorine [err] erent ues of tage 1 nt
capacitors 140 i EOFFQGFe'SPQO tflel %%OfFPSrﬁ:F?g?H"&talQﬁA“’(Fr‘PetE‘&nh@Bﬂﬁit@d

thle nurrbe][ 01;] pul ses requi ?i%ﬁﬁ@n?ugﬁOéeEOHﬂ o{hEZh@tgeafm@dehgag\mgd the
vol tage of the capacit.ors if the avera ta e . ve
nunber of pul ses® ?g URAGHN ccﬁ?&%uﬁ ghe coer{ﬁjrr%bd gL s?’tnitﬁ’é't ecg'l%“ed

i ndi cated in Bi gmeen$d4at the other end.

40. Apparatus comprising:
a housing,
a cathode in the housing,
an anocde in the housing in spaced relationship to
10 the cathode,
means for-applying voltage pulses between the anode
and the cathode to produce an electrical discharge between the
anode and the cathode, '
there being gases in the housing for ionization and
15 chemical reaction upon each electrical discharge,

a compartment,
means disposed in the compartment for providing

voltage pulses between the anode and the cathode to obtain the
electrical dischafge, '

20 means for continuously regulating the temperature
of the gases in the housing at a particular value, _

means for additionally regulating the temperature

of the gases in the housing in accordance with the oc¢urrence
and the magnitude of each voltage pulse, and '

25 means for purging any ozone produced in the
compartment by the voltage applied to the voltage means.

41. Apparatus as set forth in claim 40, wherein
the housing being made from a material having heat
_conductive properties,
30 ) means disposed on the housing externally of the
housing for heating the housing,
means for recirculating the gases in the housing,
means for filtering the gases during the
recirculation, _
35 means for cooling the gases in the housing,
a probe extending into the housing for determining

the temperature of the gases in the housing,

This Sheet Has Been Re;iaced
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IanragL1§g¥;€?l he laser 10 operates, the input voltage varigs,/gepe6sgo
upon the % éhergy requirenments 18 Substitute sheet-
12/ 8/ 96 and upon a host of other paraneters which affect |aser output. The
m cr opr ocessor -based control l-er 118 conputes a running average of the
operating voltage and per tpéitaiperdtafras $eb1bhenhonkany irlRisdIeRedsrobe,

h ' Fi 14A t t t ] at f the d ' .
A'Ter . pr odet EPf REACHET BaRe| ARG cFhT, SaRLHRP oBETBRY (o ini tialod, . The

pef i ssi bl e decrease in ERecpuogingatneansapabledes mearnsatfoy @assdmg an
injection is deiﬁéP%'lféL ftrh%utg}f‘xetﬁg%cgvys?ﬁg fi?t&%ﬂ%eegﬁuﬁgkeﬂent and through
5 the compartment to obtain a removal of any ozone from the
compartment, and
~ the gas-passing means includes a hose for receiving
the inert gas after the passage of the inert gas through the
compartment for introducing the inert gas into the housing for
10 exhaustion to the atmosphere, and further including
means disposed in the hose for introducing the

voltage into the housing for introduction to the cathode.

42. Apparatus as set forth in claim 41,
the high voltage means including a contact for

15 insertion inteo the housing to provide the wvoltage pulses

between the anode and the cathode,

a grounded shield disposed on the hose,

a sleeve movably disposed on the hose in electrical
continuity with the grounded shield, and _

20 means associated with the sleeve and the grounded
sleeve on the hose for providing for the positioning of the
sleeve in engagement with the contact when the hose is in
uncoupled relationship to the housing and for providing for
the displacement of the sleeve from the housing when the hose

25 1is coupled to the housing, and further .including

a grounded retainer having a pocket for receiving
the end of the hose with the contact when the contact is not
coupled into the housing, and

means for providing for a swivelling of the hose to

30 provide for the disposition into the retainer pocket of the
end of the hose with the contact.

43. A method of checking in a laser system a

thyratron having different portions, a thyratron power supply,

. a power supply for a filament in the thyratron, a trigger
35 board and a cable into the housing to determine if these
components are operative to produce a voltage pulse between

a cathode and an anode in the laser, including the steps of:

This Sheet Has Been Reﬁaced
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curve, sinyipdsfRshhe one indicated at 170 in Figure 12. The peenidds¢fghs
the [err] 1 njection nethod are shown in the flow charts shown in Figures 15
and 16: The. fol | owi ng paragraphs are nunbes€d to correspond to nunbered
steps in Figure 15. For exanpl e, the paragraph nunbered "5" below refers
to*the step nunbered as " PernivdEHaqpirly 16hetkhénguntiiee s thyfEittnore Mo ldage oto

the left of Nhe fRshHe,d; st alite | By PELELAV M rel BOELOSER GAPLELLLar
initiates the F2 injection nmethod. In this step, the housing 11 is fille
with the gases pldhadiendiasheiemrliadd? g AT YusBd ni§PLaGHRY sEhe
krypton, fluoriRehyaiadrh iiferthigapastGtudarneentagbe ikl Hoki peoaaaeant rati on
|’ approxi mately equal o g, gpLi Bl ¥al U Zhor IR AL % PELER SOE1 825
: check before the particular voltage is reached, checking the
voltage from the power supply and replacing the power supply
if the voltage from the power supply is not satisfactory,
if the voltage from the power supply is satisfactory
10 in each periodic check, checking the voltage on the filament
of the thyratron and replacing the filament power supply if
the filament voltage is not safisfactory,
if the filament power supply is satisfactory in each
periodic check, checking the currents through the different
15 portions of the thyratron and replacing the power supply if
the currents through the different portions of the power
supply are not satisfactory, and
if the currents through the different portions of
the power supply are satisfactbfy in each periodic check,
20 checking the thyratron current and replacing the cable if the

current through the thyratron is not satisfactory.

44. A method of checking in a laser, a thyratron,

having different portions, a power supply for the thyratron,

a power supply for a filament in the thyratron, a trigger

25 board for triggering the thyratron and a cable from the

thyratron power'supply to .determine if these components are

operative to produce voltage pulses between a cathode and an
anode in the laser system, including the steps of:

' periodically determining whether the voltage pulses

30 between the anode and the cathode are producing at least a

minimum amount of energy, and _

' if the voltage pulses are not producing at least the
minimum amount of energy, sequentially and periodically
checking the thyratron voltage, the power supply voltage for

35 the thyratron, the thyratron filament voltage, the trigger
board voltage, the currents through the different portions of
ﬁhérthyratron, the current from the high voltage power supply
and the thyratron current to determine which, if any, of the

_______-'______—————-———_”——
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CORRECSHI initialized to zero. This variable, an integerp~t]:533/10805
correctlﬁﬁ)%ﬂ e initial estimte of the nunber of pul ses af?f a gas fil

when the [err] injection is initiated. As be seen subsequently, this
vari abl e can be either positive or negatlve nd accounts for deviations in

the [err] CO”S!{'H’SP}b | P 0f atﬂp]é‘seén}r.‘é’@}&}?e JnS’Piéa é\?ﬂ;ﬁh)(' Fi g raéron

Two ot her varJa bot ntegers, are |n These are
and | NJATMPT. £ JQHF“GF%"- debtage ¢fuRr rnl}:lﬁ?ertrdfg‘?(ﬁﬂ boarg P&Qth‘Fl?%’sl%f’!%Ye

gasS refill or f tyd ﬁbﬁﬁgééd1nject It is initialized to - CORRECSHT.
After a gas fill, SHT is set to 0. As will be seen subsequently, the

counter is |n|t|aI|zed every tine a gas fill or a F2 inject occurs.
| NJATMPT i-s the number 045 at tRmpetiod npecsetnsorsharin mjadint 4 heingiuding

val ue of 05-”¥iéx§EH§§ JHAUATMPT

replacing the appropriate one of the thyratron power
supply, the thyratron, the thyratron filament power supply,
the trigger board and the cable from the thyratron power
supply in accordance with the tests performed.

10 46. A method as set forth in claim 43 wherein
the testing of the thyratron voltage, the power
supply voltage for the thyratron, the thyratron filament
voltage and the trigger board voltage respectively provides
for the replacement of the thyratron, the thyratron power
15 supply, the thyratron filament power supply and the trigger
board in accordance with the results of such testing, and
the testing of the currents through the different portions of
the thyratron, the current from the high voltage source and
the thyratron current respectively provides for the
20 replacement of the trigger board, the thyratron power supply
and the cable in accordance with the results of such testing.

47. A method of checking the operation of a laser
system including a laser with gas in the laser, low voltage
power supplies, a high voltage power supply and a thyratron,

25 including the steps of:

(1) determining whether the energy from the laser
is below a particular value, -

(2) if the energy from the laser 1is below the
particular value, checking whether the voltages from the low

30 voltage power supplies in the laser are below first particular
values and replacing individual ones of such power supplies
if the voltages from these power supplies are below the first
particular values,

(3) checking whether the voltage for generating

35 pulses for triggering the thyratron controlling the operation
of the laser is below a second particular value and, if such
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aser

wll be clatifj subsequent | y. 19 Substitute sh : 6 -
o e/ 18 TLUmRY,

4. The co

I ncrenments every tinme the laser fires. As

fires,.the .m croprocessor controller 118 conggtes a runni ng average of the

vol tage provided that SHT is greater than zer

(0). The

e value o

m Tr opr ocessor - %ﬁ%%g%orl‘sr Y12 Ay | pd ZeEcd 1y | Pokayp I—?ﬁiéciﬁé Jehe

14A) and conputes th

decrease Iin [err]| concentration based on

SHT. 5. At a p¥PiltegrasupRlieigr BRPVALINGnEUSH Ay i1PAPSHAMI PULFES.[err]

concentration

i s - determ(agd claekiine I okapr atieRsovobosgd eapblel |fyr 1418

to have decrea5ﬁgsg¥ s operating properly and, if it is not, replacing such

5

10

15

20

- 25

30

35

high voltage power supply, and
(5) determining whether a particular amount of gas

exists in the laser and, if it does not, introducing such gas
into the laser until such gas reaches at least the particular

amount.

48. A method as set forth in claim 47 wherein the
voltage across the high voltage power supply and the current
through the high voltage power supply are monitored to
determine if the power supply is operating properly and, if
the power supply is not operating properly, replacing the

power supply,

a trigger circuit board is provided for generating
the pulses for triggering the thyratron and wherein the
trigger circuit board is replaced when the voltage for
generating such pulses is below the second particular value
of when the current through the thyratron is below a
particular value,

a check is made to determine if the thyratron is
pre-firing and, if the thyratron is pre-firing, replacing the
thyratron, _ .
a cable is provided for introducing the voltage to
the thyratron and wherein the cable is replaced when a current
flows through the high voltage power supply but a voltage less-
than a third particular value is produced across the high
voltage power §hpply,

the firings of the laser are counted after the laser
has been filled with the gas to at least the particular value
and the laser is refilled with the gas to at least a fourth
particular value after a particular count, and

the laser has a resonator and optical elements and
wherein the number of firings of the laser is counted after
the resonator and optical elements have been replaced and
wherein the resonator and the optical elements are replaced

after a fifth particular count.
' This Sheet Has Been Replace:
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predetern1ned ahpunt so that a noticeable decrease in |aser gebf/igben630shas
occurred"V0694/Ah93[2err] Injection is initiated as by a procedure known as

PERTURB. The procedure PERTURB i s shown in gge formof a flow chart in

Figure 16. It

i s described subsequently. 7. "PERTURB returns a value for a

Bool ean vari abl € SUCCESS,g, ﬁnsﬁgtbﬂjEG%'Qﬂebﬁlﬁenéhgeﬁﬁgrétiéhlera'iaé&r
results in a measurable décrease in |aser, energy or efficiency..ln other

wor ds,

successSYSteBt inglNging a lpsegy@dtdsgas NG % nﬁa¥iﬁﬁﬁer PRUNTHFIIR S

Increrrent ed bypdweFhkGppRaBs,an0hNgh VUBIUE§ESPOWer | SRSS1Y CanAt & ey raBson,

made. 9. The
deS|gnated by

10

15

20

25

30

35

$rog % ﬁern1ts only a certaln maxi mum of injection attenpts
An excess of
first means for determining whether the energy from

the laser is below a particular value,

second means for checking the voltages from the low
voltage power supplies in the laser to determine whether the
voltages are below first particular values,

third means for checking the voltages for triggering
the thyratron to determine if such voltage is below a second
particular value,

fourth means for checking the high voltage power
supply to determine if the high voltage power supply is
operating properly, and ‘

fifth means for checking the amount of the gas in
the laser to determine if the amount of the gas in the laser
is below a third particular value, and

sixth means for providing for the operation of the

first through fifth means in sequence.

50. A system as set forth in claim 49 wherein the
fourth means checks the current through the high voltage power
supply and the voltage across the high voltage power supply
to determine if the high voltage power supply is operating
properly, and,

the fifth means counts the number of firings of the
laser after the last filling of the laser with the gas to
determine if the amount of the gas in the laser is below the
particular value, and further including,

seventh means for checking the firing
characteristics of the laser to determine if the laser pre-
fires before the voltage from the thyratron reaches a
particular value, the seventh means being operative in
seqguence with the first through fifth means, and wherein,

the laser has a resonator and optical elements and
wherein the fifth means counts the number of firings of the
laser after the last replacement of the resonator and the
optical elements to determine if the resonator and the optical
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atterrpt ed infections can lead to a [aser gas nmix that is toop&rAlisgsmoses | ]_
10.7 1f t WORMHEBZof attenpted injections is less than the permtted

mexi mym the counter SHT is increnented by an, integer every tine that the
| aser fires. 11. An F2 injection is retried Vvia the sub-program PERTURB
when the SHT co o Sa sedyer of pulses. This small
ndnber is desi g%f%lgénkg %ﬁ‘gﬁnlﬁ{l\t e Xlﬂc%%z%gn? | NJFAILSHT. It is usually
selected to be a fraction of typical INJSHT values. 12. If the nunber of
attenpted injections is equal to the permtted nmaxi num the process of
injection is termnated and a new value for CORRECSHT is cal cul ated. The
next injection will be offset by an amount equal to CORRECSHT.
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Its value can be positive or negative. If, in Step 7, SUCCESS returns yes,
the i.nt egwO $MIAGIFT W || be zero. In this case, 2 0 the valp¢er/0593/10805
CORRECSHT is*negative - that is CORRECSHE= | NJFAILSHT. Wen the first
injection attenpt results in an increase in |aser efficiency (or power),
this suggests that the |aser has probably been operating with | ess than
optimal [err]. Therefore, during the-ndxt kt{icle, the SHT counter is equal

to CORRECSHT instead of zero (0) so that the next injection occurs
| NJFAI LSHT pul ses earlier. |f INJATMPT is greater than one Tﬁijs)She#ﬁa?BQe%)ﬁter
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anDuni;equaI'TO CORRECTSHT. 13. A gas refill (i.e. the laser is evacuated
O herwi se the cycle

and repla W resh gas) term nates the cycle. C
cont’i nu'ésss@@g{:‘ M PERTURB The details of the procedure PE IBE10805
This procedure is

shown in the flowhart designated as Figure 16.
in the Injection technique. The follow ng paragraphs are

| mpor t ant

nunbered to correspond to the nunber ed2pdrd@ aphs in Figure 16. The nunbers
in Figure 16 are to the left of the designated steps in the flow chart. 1.
Upon entry into the PERTURB procedure, the m croprocessor-based controller
118 reads a value for the maxi mum anount of F2, I'NJVAX, yhi can be

Injected in this

g\.
" I
N
’/
o
A
»y e
w’/
P %
Q A
™M
/’,‘
LN
S U_J_’ 2o
N \I -1
Ve

-
)
5
. -
-~
-~
~

FIG. 2
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pertufbation. This value is provided by the user and, after each gas

refill, 1{NOVBay1ipsiializes to this value. However, as the |aser g.sg% ﬁgod,

F2 i'njections occur between gas fills, the value of | NJMAX Fs‘ff(ﬁz\
descri bed bel ow. The m cropr ocessor-t@ eg gontrol l er 118 al so reads the

val ue of EAVG This is either the average value of |aser ener?ﬁ Hd3Been Replaceq
| aser is working at a constant input voltage, or it is the |las

the {aser is operating at a constant out put energy. A variabl amﬂ”ﬂ!i,l

set to this \E/EJ. of VG. A counter CNT is initialized to 0. FLAG IS
Bool ean vari ,@ S set to Ng Its role will be-gegcribed subsequently.
2. Asmall amount of [err] INJTM'N is then
practice, after the injection, '
vented fromthe laser in

/ HIGH

| No VOLTAGE
=  soukce Lowes

FIG. IS

l42a 142b 142c¢ 73

7 y4 '
L N7190
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Y
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order to maintain a constant |aser pressure. The counter CNT 21 is

i ncr ement oy 35,19, | aser fires. The mcroprocessor-based control | er 118
reads a"newval ue>for EAVG  The value of INJMN is detern ned Gl USR&/198es
and_.usual |y depends upon the resolution of the pressure neasuring device.
3. The difference in EAVG and EAVG NT i s then conpared with DELTAE, a :
user supplied nunber. In principle, DEﬂ-TAEIG)uI d be O However, in
practice, because of the inherent pulse-to-pulse variation in the |aser
energy or voltage, DELTAE is set to a non-zero value. |[If the laser is

FIG 5
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operét(ng at const ant energy, DELTAE corresponds to the regul ation of the

vol t age. Egaconstant ener gy node,
devi ati'bnwg‘ékt/trlle 2aser energy. 4.

is |ess than or equal
predet er m ned maxi mum CNTMAX. Thi s nmaki
does not assune | arge values (i.e.

t o DELTAE,

| aser gas becomes enriched with F2. 5.
new val ue for INJMAX i s cal cul at ed.

val ue by an a
attenpt. The
mai n program

too many I NJMN),

DELTAE is the statisti

If it is determ ned that the$§#¥¢§§gﬂ@gg
then the counter CNT is- conpared with a
M@ s necessary to ensure that CNT
i mpl ying that the

| f CNT has not exceeded CNTMAX, a

qu.n.L_e.qua.l_LQ_t_h.s;anDum
Bgol ean vari abl e SU

\When t he sub{progr
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is revi'sited,

t he Bool ewny@rlllgjﬂ e FLAGis set to YES

next step,
Wor ds,

i "plying that the process of
the fact that EAVGis |less than EAVA NT is ignored. Such a stepis

taken to guard agai nst a possibly small

F2 concentration in the | aser
the state of the FLAGT
s calculated. 8. The anmount of [err]

subsequent 'y,
t ot al

anount of F2,

I NJTOT,

I S near

g?gfgggggedAs

to vary INJMAX. 7. The

| NJMAX has a different val ue. 6.

I f CNT has exceeded CNTMAX,
The sub- program proc =
ST 0os

|nject|on is continued

decrease in | aser energy when the -

w il be

seen

I NJTOT,

I's then conpared with the maxi mum | NJMAX read by the m croprocessor

controll er

118 in step 1.

If the total [

t he maxi num the sub-programrecycl es.

FIG.

77

err]

I njected so far

is |less than
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9. I'f not, the state of the FLAG variable is 2 2 checked. 10. If the
check i ndiy 96@91[ 2Step 9 is YES, then possibly the amount of [‘e{o.i'] . _
i nj i YRR hR0S

slightly higher than optimal was injected and the maxi mum val ue
is reduced by INJMN. 11. If the check indicated in Step 9 is NO ' each

i nj ection has resurted TTran i ncrease of EAVG over EAVA NT. Possibly, the -
| aser | This8Rdet Hdd BEGReplaceg 1HET €f OT €, N.J;ng I ncremented by INJM N. Thus
cri 3%. ch

a new- [er II Tlmr ,”l echnl gue is des

FIG. 13
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strives to maintain the F2 concentration in the |aser 10 near its opti mal

val ue. Thewieedrngsse first estimtes the decrease in the concen% % 885/10805
The process of injection involves per rng t%g

based upon input voltage.
amount of [err] and then | ooking for a change in the

| aser gas with a snal
An increase in output continues the pneeess—gL_Ln+ecLLoa,

| aser out put.
but -@ decrease term nates the process. é?! ﬁ t he anount _qof ected err

is $mall, the |laser F2 concentration d devi at e fE?S naI
The technique 'is self-learning. Therefore, as th

val ue.
all of the critical paranmeters of the F2 injection techn
automatically adjusted to maintain nearly optinmal [err] concentratlon

Pul sed |aser applications, such as materials
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processing, require ‘a known anount of |aser energy incident upon the
materi al we sgipecessed. In fact, in nost of these applicat pefpysdd AifzesS
control “i s achi eved by controlllng t he ‘energy incident upon the surface of
the. material. Therefore, an |ndustr|ak)4aag$ i s equi pped with an energy
detector which neasures the energy of e aser pulse. The |aser-based
mcro-controller comunicates the energy to the wuser's controller.
Upow command fromthe user, the |aser-based nmicrocontroller can adjust its
operating conditions to maintain,clonsta ser ¢nergy or change the | aser
i

energy to a new val ue. Cbcasionafly, a uncti ni ng conponent or sub-
systemin the laser can result in]|l ess- n- expegt ed energy.

FIG. 15
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23 Such | ow energy events can be random or frequent and can result in |oss

of pr_ocess“,écyl;.{lg?%eTypi cally, if the |aser energy deviates f{’ﬁf)n‘%%?ﬁ%ré%r

speci fied range, | aser controller can be programmed to te
operation. Trained service personnel are then required to isolate the

malf uncti oni ng conponent or sub-systagt)fkﬁgiience has— showr ttrat '
troubl e-shooting for the cause of |o ha? expected eqgy Ren. od
| ahorious and long. This is especially the case when the "ﬁg MM&F

ﬁ o

only when the |aser is operating, i.e. under dynam c con+
probl ens require the use of specialized diagnostic tools

wel |l -trai ned
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servi ce personnel. An exanple of a dynamc problemis a thyratron which
SmAtCheS ener fromthe capacitor to the laser before it is_triqggered _
(i,.e. theV prﬂ*?gﬁ%n prefires). The equipnent to detect a th?@f‘?@ﬁ”ﬂ?gﬁi re
is a pul sed hi gh-vol tage probe and a digital storage oscilloscope. On the
ot-her hand, a static problem manifestd 1t/sd4l3 even when the | aser is not
operating such as froma dirty laser wi ndow. Sinple visual inspection can
usual ly detect dirt on a | aser window. Therefore, these problens are
rel atively easy to isolate and solve. Industrial equi prrent with
built-in dynam c di agnogtics to nonitor system perfornmance are nom1being

routinely used. These di agnpgs educe equi pnent ti ng the
user isolate the cause of h%%gggbl /%5 n7 (;Q)

Low LASER DIAGNOSTICS

2 iow J
VOLTAGE APLACE
POHER NO POWER
SUPPLIES SUPRLY
0K
?
YES
4 . 5
THYRATRON REPLACE
TRIGGER O.C. No THYRATRON
‘VOLTAGES TRIGGER
OK. BOARD
2
YES
6 7
THYRATRON REPLACE
TRIGGER PULSED No TYRATRON
VOLIAGES | TRIGGER BOARD
| rEs
8 9
" D.C. HIGH NO REPLACE
VOLTAGES HIGH VOLTAGE
0K POWER SUPPLY
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Addi fionally, they provide valuable data to the equi pnment manufacturer

:bfg;e(r:’og@@?gﬂtwﬁ sub-system performance and lifetime. Thi sp(glt(’}ggg ] 51(;[5 of
ystem i ncorporates a novel inplenmentation of mcropr

control |l ed diagnostics built into an industrial |aser such as an exci ner

| aSer. These di agnostics are placed in various critical locations in the

| aser. The microcontroller contindddlyl 3onitors these diagnostics. Wien it

detcects a | ow energy pulse, it exam nes and analyzes its stored data from

t hese di agnostics and inforns the user about the likely cause of the

problem In their absence, the user m ght have to resort to a series of

troubl e-shooti ngYysteps to first duplicate the pr'oﬁg.and ?I’?n (B)

12

0.C. HIGH
VOLTAGES

0.k
?

REPLACE
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REPLACE HIGH
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17
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REPLACE HIGH
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19
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2 4. Substitute sheet - 12/8/96 isolate the faulty conponent. The
proecéss 8 ? g&g?t ed diagnostics can be clearly described wpCl/usss/10805 of
~ the.cuny & % ow-chart in Figures 17A and 17B. Each step in the analysis
is nunberéd in Figures 17 and 17B, and the nunbered paragraphs bel ow ref er
" te, such nunbers in Figures 17A and 17B. The details of the di agnostic
" h3rdware are not described. Mst are .t or current sensors whose
- anal og outputs are converted by anal 3? i%gl gital converters and then
i mohi t ored by the | aser- ‘microcontroller. Waerever required, the
. signals are appropriately filtered for noise (vadio frequency) reduction.
I (1) The laser. mcroprocessor-based eontrol ler 118 .

G180 N
. VOLIAGE | - T
B —180° " Sl
T T
0 ! 2
TIME (ms)
&

FIG. 18b 190

CURRENT

TIME

186

FIG. 18¢ .

VOLTAGE

TIME
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deternines that the |laser energy is below the user's specified value by an
annun( greater than the user specified tolerance. The | aser is shut down
and” requests service fromthe user. In the follow ng steps, the

m croprocessor-based controller 118 analyzes its stored data and indicates
to the user the probable cause. (2) The m croprocessor-based controller 118
cheeks whet her the nmagnitudes of |ow voltage power supplies in the |aser
(5,~12, 24, 48, 6.3 VDC, €etc.) are within specified tol erances. Si nce
some of these voltages are used as references, significant deviation in
their magni tudes can cause calibration errors. (3) Replace the appropriate
faul ty power supply. (4) The mcro-based controller 118 now checks the

(34) Title: POWER LASER SYSTEM

(57) Abstract

sequennal!y tested for their operability by a system and method unique to this invention.

A housing in a laser system encloses a cathode and a displaced anode and gases ionizable and reactive chemically when
voltage pulse produces a cathode-anode electrical discharge. Moving air cools the components (capacitors, thyratron and trigge:
ing circuitry) for producing the voltage pulses. The laser gas temperature is continuously regulated at a particular value whethe
or not there is an electrical discharge. The concentration of one of the gases in the chamber is regulated to.values alternately o
opposite sides of an optimal value 1o provide an optimal enery in each chemical reaction of the gases. The gases are recirculate
as by a fan driven on a shaft by a pair of motors and are filtered during such recirculation. The shaft speed'is regulated at a part
cular value and the motor currents are regulated to be equal. Any ozone formed in a compartment holding the high vokage termi
nals is purged by passing a neutral gas (nitrogen) through the compartment to the atmosphere. The neutral gas is passed into th

“housing through a hose which also holds a high voltage wire in insulated relationship to other electrical components. A collar ai
rangernent at one wire end provides for the introduction of voltage from the collar 1o the anode of the thyratron with the hose cot
pled to the housing and grounds the collar with the wire decoupled from the housing. The different high voltage components ar

This Sheet Has Been ri

AR




mal f uncti oni ng.

I:P)_C voltp @gfgﬁ‘égﬁgiﬁ%ﬁ tri board 144 (see_Ei gu[esgaelan <11)

r;PRer -\ cns on the board i

- poyer §u | APk he RogRd i TP %ﬁ%% dtate switchind el gﬂ%‘sﬁ égﬁ%%—!’ﬁl ng

not AT LY. ﬁr;yrgjé?é AR fedoEShy lggner ate the mmnemq;agmm paged ...
t hyratep t W 1P qge VQlagge @ﬂmr opgrati

of the ghyratron. (5) Replaces t gﬁ?#y(riat ronsst%l JF garé) §F|Edn'(§%§bﬁ ggd 5‘*
more vo taggg @ﬁ"eheagsﬂ"‘ﬂd‘*p}?elfﬁéerm led range. (6) EVQF?W'WQ(SQ)CP@%Q agesiodiged ......
the tri@gQ ; TTS switching el _enEAbsramay :lpaged ...7-.. to paged ...==.

®This invention relates to T Iase€rs and MOre
particularly to lasers such as excimer lasers which'operate
more efficiently than lasers of the prior art. The invention
particularly relates to moderate power lasers such as excimer

lasers.

BACKGROUND

Lasers have many uses. For example, lasers are .used
to repair torn retinas in eyes and to perform other eye
operations such as to reshape the cornea of the eye for
correcting for defects in vision. Lasers are also used for
other functions in the human bddy such as to remove plagues
‘in heart arteries. Lasers are also used to-cut holes at

precise positions in semiconductor wafers. .

In some gas discharge lasers, a cathode and an anode
are disposed in spaced relationship in a housing. When a
voltage pulse is applied between the cathode and the ancde,
an electrical discharge is produced between the cathode and

the anode. The electrical discharge causes gases in the
housing to become ionized and to react chemically upon
ionization. For example, krypton and fluorine react

chemically to produce krypton fluoride (KrF). The chemical
reaction produces radiation energy at a particular frequency.

Although lasers now in use have an ever expanding
number of functions in a .progressively increasing number of
fields, such lasers have certain inherent limitations. This
is particularly true of lasers which provide moderate to large
amounté of power. For example, the follow.ing limitations
exist in lasers, particularly._.':_i:n-- those providing moderate or
large amounts of power: L . | __

_ 1. High voltage components such as capacitors,
thyratrons and boards for providing a controlled triggering
of the thyratrons are J.ncluded in the lasers to produce a high
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25 switching el enents generate three pulses in a particular sequence to the
thy[atggn 144 (Figure 19). Three current sensors 190a, 190b and 190c sense
these pul ses. (In practice, the outputs of the current sensors are
fittered, integrated and conpared to references). $Sdbstientabeet hd2/8y96it r on
triggeki board 144 if one or nore of the trigger pulses are outside the
specified twilktagret® {820 KAdONPIRSIorhAGE pOVEI-EAMFSA (HAVPBE qRBheRe
Figure 3 hag biHitiide hRENOsdbaestibhpbeathef valyagonpelsesl betppey . tHbese
di agnosti cs det ect faHIt condi tj ons [ nside the suggly and sﬁyt | t gomn
are not adequately

and  repor tS2%REAS £ 80F $7% FNINE i P BEBNFPBPPERT

cooled in prior art lasers.

2. The gases in the housing are continuously
passed from the housing, filtered and then re-introduced into
the housing. Attempts have been made to regulate the

temperature of the gases in the housing. Such attempts have
not: been entirely successful. One reason has been that the
temperature of the gases has been regulated only when the
voltage pulses have been produced. Another reason has been
that the housing has not been uniform. This has prevented the
temperature of the gases from being stabilized at an optimal
value to enhance the ionization and chemical reaction of the

gases in the housing.
3. It would be desirable to maintain the output

energy from the laser at an optimal level. This in turn would
cause the radiation energy in each pulse to be at an optimum
level and the efficiency of the laser to be at an optimal
level. This has not occurred in the prior art.

4. The terminals for introducing the high voltage
to the cathode are disposed in a separate compartment. The
high voltage in the compartment produces a corona discharge
and the corona discharge in turn produces ozone. The ozone
is deleterious to the coﬁponents, particularly the insulating
members, in the compartment. It would accordingly be

desirable to prevent the ozone from having any deleterious

effects.

5. The motor and the fan for recirculating the
gases from the housing through the filter and back to the
housing are quite large. t would be desirable to provide

motors of reduced size but still provide an optimal efficiency

in their operation.

6. The introduction of the high voltage into the
laser and to the anode in the laser has to be done carefully
to avoid problems with the high voltage. Furthermore, when
the voltage lines are not coupled into the housing and are
separated from the hpusin@, assurance has to be provided that

Thig is the replacement sheet
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(9) Replace the supply 105 if a fault is detected. (10) Cccasionally, the
HVPS may not detect or report a fault even if it has no output. For
instance, if there is no power to the HVPS (due to a bl own fuse), the
supply woul d neither have any output nor teport a Bubbtifite sHeet HVEB886s a

vol t agg sensor coupled with a.feed-hack circuit to regulate its output
vol tage. TH&dP1E3eveanddr H? oF?etﬁgggag%gf of the HVPS. A nal function
here can result in anZerrohbens therguhasolhetie.2 ACEERPRAESDITHI TR cCOPFRHE

sensor als%_ 'igsognatQgsgyPSranagﬁh-oﬁoghg§gt§aagqt§-am%guxﬂﬁgwedbbgnthe
| aser contré] 118. The vqltage sensor signal is seg Qy t ééAa.er
control | er PEREQRR¥Rt @Pni*HE ertﬁﬁ?Q$ﬁ£§%ﬁﬁpﬁ?5|§ 08 R 12T Mand
vol tage. Wnéer ne® Bl seendiciconss deeetmBSatiiargesft heamesiser 9£146hen

Figure 191f%£f5§gogohqgtroduce high voltage pulses to the cathode has
generally been made only after much trial and tribulation.

Furthermore, specially trained personnel have been reguired

to-make such tests.

BRIET DESCRIPTION

In one embodiment of the invention for use with a
moderate or high power laser such as an excimer laser, a
housing encloses a cathode and a displaced anode and gases
- ionizable and reactive chemically when a voltage pulse
produces an electrical discharge between the cathode and the
ahode. Moving air cools the components (capacitors, thyratron
and triggering circuitry) for producing the voltage pulses.
The temperature of the laser gases is continuously regulated
at a particular value and is additionally-regulated upon the
production of each electrical discharge voltage pulse.

The concentration of one of the gases in the chamber
is regulated to values alternately on opposite sides of an
optimal value to provide an optimal energy in each chemical

" reaction of .the gases. The gases are recirculated as by fans
driven on a shaft by a pair of motors and are filtered during
such recirculation. The shaft speed is regulated at a
particular value and the motor curren<s are regulated to be '

egual.

Any ozone formed in a compartment holding the high
voltage terminals is purged by passing a neutral gas
(nitrogen) through the compartment to the atmosphere. The
neutral gas is passed into the housing through a hose which
also holds a high voltage wire in insulated relationship to
other electrical components. A collar arrangement at one wire
end provides for the introduction of voltage from the collar

Thig iz the revlgoement sheet
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veltage. - The vol tage sensor signal as nonitored by the controller 118 is
seen_i nzFi gure 18a. Once the command vol tage has been attained (182), the
HVRS cegses to charge the capacitor. In Figure 18b, the current wave form
198 is shown. As soon as the capacitors 140 are cha@nditlits 5REetCOTIREYdE
vol t agey the charging current ceases. (11) Before any concl usion:can be
reached abotip the apdde ] nghef thncapwPs, witd &het mesercausledetisther

any thyratrgQpud4igPagki @Qounﬁ@yrt@xté' QUb I A | £h Citlle D@1 LEPEAEBEP1IBY from
conpari ng F| ures 18a and 18c. In Figure 18a, after the capacitor attains

the command*V6| FEY&+1E2, the thyratron 142 switches the capacitor energy
into the | aser as indicated at
The different high voltage components  are

~seqguentially tested for their operability by a system and
method unigue to this invention. A microprocessor based
controller interrogates the several suitably 1located
diagnostics in the laser in the event of a less than expected
laser energy pulse. The malfuncticning components can then
be immediately identified.

IHE FIGURES:

Figure 1 is a schematic end sectional view showing
certain components in a laser constituting one embodiment of
the invention and particularly showing a housing holding a
cathode and an anode and gases in the housing;

Figure 2 is an enlarged fragmentary sectional side
elevational view taken substantially on the line 2-2 of Figure
1 and shows a compartment and components in the compartment

for introducing a high voltage to the cathode;
Figure 3 is a schematic perspective view showing the

housing for the laser and further showing the introduction of
an inert gas (nitrogen) and a high voltage into a compartment
above the housing;

Figure 4 is an end elevational view of the laser
from an external position and shows a window for passing
energy radiation produced in the laser and further shows
apparatus for recirculating and filtering gases in the
housing;

Figure 5 is an enlarged fragmentary view, partially
in section, of an arrangement in coupled relationship to the
compartment above the housing of the laser for introducing
inert éases into such compartment and for introducing high
voltages into the compartment for introduction to the anode
of a thyratron;

Figure 6 is an enlarged fragmentary perspective view
of components in the arrangement shown in Figure 5 but with
the components decoupled from the housing shown in Figure 4;

Figure 7 is a “schematic view of a subsystenm for

Thig is the replacement sheét



26 184. Thyratron switching is performed by the thyratron trigger board
and is knitiated by the | aser mcroprocessor controller 118. However ,
under sqQne circunstances, the thyratron 142 can self-switch, before t he

command of the microprocessor controller 218, i.e. Subgpitefe skset - Thrs/oel f
Before t he ﬁap%m tars 140 have
VAT By

swi t chidg can bge see 186 in

charged to Y?’%“‘ 'ﬁﬁﬁﬁd%bﬁ % é’eratt%é'e I#Cﬁhreor??fzs prefi e

of the capgmitticuldd dva)btsetovbzea'rrmr Subsaquenthgret his HVIRS olretd truiasa 1
cated at 188 in Figure 18c, but the

S th{%&?ff%&%%%@% ?Egggg nd vol t age before.the

capacitors
m cropr ocessor - based E&HHFSE| BedS1 88 sichiemadtiss thrﬂé" t®r &br @Frangement of

a fan and a pair of motors and a microprocessor controller for
recirculating the gases in the housing and for operating the
motors at a particular speed and in a balanced relationship;

Figure 9 is a schematic view of apparatus associated
with one of the motors shown in Figure 8 for electrically
isolating the motor and damping any vibrations in the motor;

Figure 10 is a perspective view of apparatus for
cooling the high voltage components, including a thyratron,
in the compartment above the housing;

Figure 11 is a schematic elevational view of the
apparatus shown in Figure 10 for cooling the high voltage
components in the compartment;

Figure 12 shows curves of the energy and efficiency
of each voltage pulse introduced to the cathode in relation

to the concentration of one of the gases in the housing;
'Figure 13 shows curves of the efficiency and pulse

width of the energy obtained from each voltage pulse
introduced to the cathode in relation to the concentration of
such one gas in the housing; '

Figure 14 shows curves of the number of voltage
pulses for two (2) different magnitudes of voltage pulses
introduced to the cathode in relation to the concentration of
such one gas in the housing;

Figure 142 is a curve showing the relationship
-between the number of pulses for producing one (1) Torr of a

particular gas such as fluorine (F,) and the voltage on an

input capacitor connected in a circuit with the thyratron;
Figure 15 is a flow chart schematicaldly illustrating
how the concentration of such one gas in the housing is

regulated near an optimal value;
Figure 16 is an expanded flow chart of one of the

steps shown in the flow chart of Figure 15 and schematically
illustrates additional details of the operation of regulating
the concentration of such-‘one gas near the optimal value;

This is the replacement sheet
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trigger. In practice, the m croprocessor-based controller 118 | ooks for any
drop i voltage once it has initiated a charge command and before it

initiates the thyratron trigger command. Any drop in voltage is considered
to be a pref ire of the thyratron 142. (12) A pref Substititetsheet AYW2B/28 142

I s detected and reported. If pref ire rate is greater than a
predeterm ned rate (esg.gul-elsn wanddd omb aﬂdwyfmwoahabaage:umrmm)ed

(13) If the mcroprocessor-based control 118 efe S SWnent as
| nd cat ed aB"PY3 T HegTPaUEBRe DLt IR T ATEEE NS0 Yhd i A ST AP | n
Fi gure 18a, vietl tegec lcpdeponenas pbesi bhy riegutirgid Mgmag@lc;algee :Belsers Rirgur e

6 is defectihye @eifOimdodllel tdheneoat®ldsy; requests service on the HY,
Figure 18a and 18b are respectively schematic
representations of the voltages produced on the anode of the
thyratron and the corresponding currents through the anode of
the thyratron when the power supply is operating properlv to

produce the high voltages;
Figure 18c is a schematic representation of the

voltages produced on the anode of the thyratron when the
thyratron is prefiring; and

Figure 19 is a schematic representation of tests
performed on the different sections of a thyratron included
in the high voltage components shown in Figures 10 and 11.

DETAJILED DESCRIPTION

In one embodiment of the invention, a laser
generally indicated at 10 may have a construction generally
corresponding to that disclosed in patent 4,959,840 issued on
September 25, 1990, to Robert P. Akins, Donald G. Larson, Uday
K. Sengupta and Richard L. Sandstrom for a "Compact Excimer
Laser 1Including an Electrode Mounted in Insulating
Relationship to Wall of the Laser" and assigned of record to
the assignee of record of this application. Patent No.
4,959,840 is intended to be used to complete any disclosure
if such should be necessary.

" The laser 10 include§ a housing 11 (Figure 1) formed

from a pair-of half members 12 and 14. The half members 12

and 14 are coupled and sealed as by an "0" ring seal 16 which

extends around the perimeter of the housing 1l1. Figure 1

_shows the interior of the laser 10 from an end elevational
view and Figure 2 illustrates the top portion of the laser

from a side elevational view.

A cathode 18 and a grounded anode 20 (Figures 1 and
2) are disposed in spaced relationship within the housing 11.
The cathode 18 and the anode 20 may be formed from suitable

This s the replacement sheet
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cabl e assenbly. (15) The controller does not detect any voltage or current
fromthe HVPS, possibly due to an internal fault in the HVPS. The supply
i s, probably conpletely inoperative. |t reqguests HVPS service. (16) After
every gas refill, the rricroprocessor- based cont r olSubktifuité shueti-al 2/8#96a

| a fi th .
countet, L0 28%on BIrAAS bAERLs 1053t LRITRNIE, o HREREERTE Sne iy

(17) | f t handouwd era\m(iﬂaed:snttlamxptraadetqernhaecﬂ.am ngaseshewith erosion
”‘CrOprocessgggggﬁﬁgeﬁgp%ﬁpldﬁf ﬂégféﬁﬂEEStsAﬁ QQ%cE?RhEh dIQE%aQ@% Reen

descri bed ab s shown 1 n Figures
schematically illustrated at is dlsposed between the
cathode 18 and the anode 20. The electrical discharge in the
area 22 is produced by a high voltage pulse such as in the

order of twenty Kilovolts (20 kV) impressed on the cathode 18.

A base member 24 (Figures 1 and 2) made from a
suitable conducting material Supports the anocde 20. A
conductive member 26 contacts the cathode 18. The conductive
member 26 is disposed adjacent a main insulator plate 28. The
main insulator plate 28 separates and insulates threaded metal
rods 30 (Figure 2) from one another. The threaded rods 30

engage the conductive member 26 to introduce the high voltage

to the cathode 18. The threaded rods 30 extend through

insulating bushings 32 made from a suitable material such as

a ceramic.

The upper housing member 12 includes downwardly
: éxtending wall portions 35 so that the main insulator plate
28 is spaced from the upper wall of the housing member 2.
up" rings 33 (Figure 1) are disposed in recesses in the
conductive member 26 on one side of the main insulator plate
28 and "0" rings 35 are disposed in recesses on the other side
of the main insulator plate 28 so that the central portion of
the main insulator plate 28 is held in compréssion between the
"0" rings. The main insulator plate 28 electrically insulates
the cathode 18 from the walls of the housing member 11 and
thereby insures that a proper electrical discharge occurs

between the cathode 18 and the anode 20.

When a high voltage is applied to- the cathode 18
through the connector rods 30 and the conductive member 26,

an electrical discharge is produced in the region 22 between

the cathode and the anode 20. This electrical discharge

ionizes gases 36 in the vicinity of the area 22 and causes
these gases to react chemically. For example, the gases 36
may be Krypton (Kr) and fluorine (F;) . The Krypton and the
| ' . | heet
Thig is the replacement &
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Substitute sheet - 12/8/96 (18) Counters associated with the

r.esonators and optical elenents 46 are initialized when they are

rqplaceg or

servi ced. As the laser fires, these counters are

i ncr enent ed. The control |l er conpares téeir val uSabstitute whedet cr2r8iad
maxi mum (19) If any one of the counters exceeds its limts, service is
request ed. f2eprine reset ehemberliyukPePrrdusRekK¥Btafaf AuPriifde (KoF).
predet er m ngde NPas &M €A% vikintiky basehechpsber: agentotatdeasppahacitged
t he maxi num the_user 1§ gskeg to che%k tqﬁ calig%atiog.of thq

in erine schematica Yy as in ilgure .

a region

The formation of the Krypton fluoride produces

energy radiation in a very narrow band of wavelengths such as

in the excimer range. This light is directed to an optical

element such as a window 46 (Figure 4) at one end (or to a
mirror adjacent the window) and to a corresponding optical
element at the other end. The energy radiation is reflected
between the opposite optical elements and is reinforced in
each reflection. 'A portion of the energy radiation moving in
each cycle between the opposite optical elements passes
through one of the optical elements such as the optical
element 46. The energy radiation passing through the optical
element 46 such as the window has a narrow band of fregquencies
and has a high intensity and a narrow width. The optical
element 46 and the optical element at the other end may be
made from a suitable material such as a magnesium fluoride
which is transparent in deeb_ultraviolet light. The optical
element 46 may be included in a window structure 48 shown in

Figure 4.

The gases 36 in the housing 11 are withdrawn from
the housing and are recirculated in a closed 1loop and
introduced back into the housing. Preferably this
recirculation is provided through a number of cycles during
the period between the introduction of successive voltage
pulses to the cathode 18. During such recirculations, debris
is removed from the gases 36 as by filtering the gases. The
debris may be produced as a result of the electrical
discharges between the cathode 18 and the anode 20.

The recirculation of the gases 36 may be provided

by a fan 50 (Figure 1) having blades 52. A cap 56 in Figure

4 provides a support for the fan 50 and the motors driving the
fan. As shown by arrows 58 in Figure 1, the fan 50 drives the
gases 36 upwardly in Figure 1 through the electrical discharge
area 22. This movement is facilitated by a vane 60. A gas
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| aser energy detector against an absolute energy/power neter. (22) |If the
| aser detector is mscalibrated, the user is asked to calibrate the
detector against the power neter. (23) If the calibration is satisfactory,
t he user i s asked to exam ne the | aser chanber for Supstitd gh@etd.eiggg/gs The

user's-attention is then drawn to a troubl e-shooting manual which
el abor at es poeobbFe phavbdespfoblpotion of thehgashandertgohbe simhurad

exceeds t hegpgyi ﬁymnabslH§ehl§ofeﬂy§§éﬁﬂnéob{,eé)lppp:éﬁesiasefnecfﬁ r AN
automat ed | aser di agnostic system. for an .industirial _exc aser has been

descri bed affi i®2%h FRPEFGYFEED1 728 arth B, 2Pfhed é?ﬁhl&ﬁ?dfro‘f‘n FAFEH
dynam ¢ and4 s98bi,84di.agnost f t1sen By T eneved drter dad ies g orssh gvh eva tides-)

or contaminants from the gases 36.

After filtering, the gases 36 are returned into the
housing 11. A portion of the clean gases from the filter 64
‘'may: be moved past the optical element 46 and the optical
element at the other end to clean the optical elements.
Apparatus for cleaning the optical element 46 and the other
optical element is £fully disclosed in patent 4,95%,840.
Alternatively, the apparatus for cleaning the window may be
as disclosed and claimed in application Serial No. 07/975,385
filed on Nov.12, 1992 by Robert P. Akins for "Apparatus, and
Method of, Maintaining a Clean Window in a Laser" and assigned
of record to the assignee of record of this application.

The gases 36 are heated considerably by the
electrical discharge between the cathode 18 and the anode 20.
t is desirable, however, that the gases 36 should not remain
heated. The gases remaining in the housing 11 are accordingly
cooled by a water cooled heat exchanger 66 in Fig'uré 1. The
cooled gases are forced upwardly as by a vane 68. These gaées
accordingly move to the fan 50 for circulation into the
electric discharge area 22. An end cap 69 in Figure 4 may be
prévided to -support the heat exchanger 66. :

Walls 70 extend upwardly from the housing member 12
to define a compartment 72 (Figure 2) in communication with
the interior of the housing 11. The conductor rods 30 and the
insulating bushings 32 are disposed in the compartment 72.
Since the conductor rods 30 receive a high .voltage in the
order of approximately twenty thousand volts (20kV), a corona
discharge tends to occur in the compartment 72. This corona
discharge tends to produce ozone which in turn produces a
deterioration in the.insulating'properties of the bushings 32
and the main insulator plate 28. The performance of the laser
10 is affected by this -deterioration in the insulating
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| aser's performance is below par. The stored data is conpared to
predet gr m ned val ues, and any deviation is reported to the user as a
probable cause - all of this in a fraction of a second. On the other
hand, the absence of automated diagnggtics wouSdbstnite shegdpedizB/I®ol s,
skill ed workers and val uable manufacturing tine to achi eve the sane

resul ts. Agfspéiciessof RmNbuehihgs beeandi 5té aath aRdullbltest paned yéth
reference to particul ar enbodi nents, the principles involved are
susceptible for use in nunerous other enbodi nents which will be apparent to
persons skilled in thBoartprevemie | et @fane t figeaf orprodueing | i amy ed

only as i ndig@dethPycide St YudlihgRONded ehai ABin insulator plate
28, an inert gas such as nitrogen is circulated through the
compartment 72. -As the inert gas moves from the compartment
72, it carries the ozone with it, thereby removing the ozone
from the compartment immediately after the ozone is formed.
The inert gas such as nitrogen is introduced into the housing
11 through a hose 74 from a soufce 75 (Figure 3). The inert
gas then flows into the compartment 72 through a conduit 76
at the upper end of the housing member 12. The flow of the
inert gas through the compartment 72 is indicated by arrows
at the upper end of the compartment 72. The compartment 72
is defined by a housing 73 above the housing 11l.

The inert gas then flows through a conduit 78
(Figure 2) in the housing member 12 and a fitting 80 (Figure
2) into one of end of a hose 82 (Figure 3). The hose 82
communicates with one end of a hose 84. The other end of the
hose 84 is extended through a fitting 86 (Figure 3) made from
an insulating material. The inert gas is then exhausted to
the atmosphere. The exhaustion of the inert gas to the
atmosphere does not have any deleterious effect since the
atmosphere is composed pfimarily of nitrogen.

A high voltage wire 88 (Figure 6) is centered in the
hose 84 (Figure 3) and is electrically insulated in the hose
by the coaxial insulating material on the wire and by the
inert gas such as nitrogen. The high voltage wire 88 is
electrically coupled to a hollow annular contact 90 at the end
where the hose 84 is coupled to the fitting 86. The voltage
on the wire 88 is introduced through the electrical contact
80 and an electrical contact 92 (Figure 5) in the upper
housing 73 and through conductors (not shown) to the anode of

a thyratron 142 in Figures 10, 11 and 19.

A swivel joint 94 (Figure 6) made from a suitable

electrically conductive material is provided as a part of the
Thisg is the replacement sheet
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28 1. . Apparatus conprising: a housing having a honogeneous construction,
a lsaser rhavi ng an anode and a cat hode di sposed in spaced relationship in

t he houSing, heater neans supported by the housing for heating the area

within the housing, neans for producing ¥h el ect r| csﬁbﬁ,t@rﬁaghggt batygrig t he
i oni zat 1 on

anode and the cathode, there being gases wthi

and cheni cBPSeeBft 2BA ﬁp‘éﬂlé%Ehgélgg cHFY e Etllaé'\ﬂ'uér’ gésb%’ﬁ%’éﬂegh%r%oﬂ? and

the cat hodgwigehegbigxchangar etlecppscdl Wt botplbe FoLst hondlwip with the
swivel 3joint. An electrically conductive spring 98 is
connected at one end to the coliar 96 and at the'other end to

an electrically conductive sleeve 100. The sleeve 100 and the

spring 98 are disposed on an insulating member 102.

The spring 98 is constrained so that the sleeve 100
normally engages the contact 90 and grounds the contact. When
the contact 90 is extended into the housing, the sleeve 100
bécomes withdrawn on the insulator member 102 from the contact
90 so that the ground on the contact 92 is removed. Voltage
can then be applied to the contact 90 from 2 high voltage
power supply 105 (Figure 3) to charge a capacitor 140 in

Figures 10, 11 and 19.

Figure 7 schematically shows an arrangement for
precisely regulating the temperature of the gases 36 in the
housing 11 (Figure 1) at a particular value. The housing 11
is made from an electrically conductive material having non-
corrosive and electrically conductive prcpei:ties. The housing

- 11 is preferably provided with uniform properties as by
providing the chamber with a configuration of a single
material. This uniform construction of the housing 11 is
desirable in precisely regulating the temperature of the gases

36 in the chamber.

A heater 112 is -disposed on the housing 11
externally of the housing; A fluid such as water is disposed
in a receptacle such as a pipe 114 in the housing 1l1. The
water in the pipe 114 is recirculated and is cooled as by air
during the recirculation. Such recirculation and air cooling
are well known in the art and are disclosed in patent
4,959,840. A temperature probe or sensor 116 extends into the
housing 11 to sense the temperature of the gases 36 in the
housing. A microprocessor-based controller 118 receives the
indications of temperature from the sensor 116.

Based upon the témperaturé indicated by the sensor
This is the replacement sheet
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coeoling the gas in the housing, neans for regulating the tenperature wthin
the houging to a particular value on a continuous basis, and neans for
provi di ng-an additional regulation of the tenperature within the housing
upon each el ectrical discharge between the anode argiBdiRuttthese- 12/8/96

Appar atus as set th incla wherein the tenp ture requlating. neans
i ncl udes meas® 'dltg‘ﬁog‘éﬁr%fﬂfﬁs??@ brﬂﬁf'scfﬁg?"fctfrc’ld‘r‘(jv?a?rfb‘ NG de% FPgwrgfl

wat er througive tttee heater 112 cand the gasésngnfibédhoddi 8g, regulrnet hbe
heat er man%é@emlww Q%eheﬂ§b593@”@n”@ﬁ@shé@élﬁé’oh R tahthQ':!ﬁthst 0

regul ate the t erature of gases I n housi ng™ t particul ar

val ue and vWR%%%ﬁT tﬁ@*ﬁoﬁgPﬁﬁrFE ﬁﬁd%r?YbﬂFé ﬁ@?eﬁ“fﬁﬂﬁ%ﬂfﬁaP&ﬁéPFﬁ@§ of
conductlng hetd JaEkr 10. Since the heater 112 is d;sposed on the wall

of the housing 11 and the housing 11 is a good heat conductor,
the heat from the heater 112 is transferred directly into the
housing. The rate of heat production by the heater 112 and
the rate of flow of the cooling fluid through the pipe 114 are
regulated to maintain the temperature of the gases in the
housing 11 at a particular value on a ccntinuous basis,
whether the laser is operating or idle.

Figures 8 and 9 show an arrangement for driving the
fan 50 (Figure 1) for cooling tﬁe gases 36 in the chamber 11
(Figure 1). To conserve space, two (2) motors 122a and 122b
are provided on a common shaft 126 to drive the fan 46. The
motors 122a and 122b have substantially identical
characteristics. The operation of the motors 122a and 122b
is controlled by the microprocessor-based controller 118 so
that the motors drive the fan at a particular speed. This
regulation may be provided by disposing a tachometer 128 on
the shaft 126 and by introducing the output of the tachometer
128 to the microprocessor 118. :

From the signal provided by the tachometer 128
measurement, the microprocessor 118 determines the rotational
speed of the shaft 126. The microprocessor-based controller
118 then introduces signals to the motors 122a and 122b to
regulate the speeds of the ‘motors. 'In addition, the
ﬁicroprocessor-based controller 118 receives from the motors
1222 and 122b indications of the currents in the motors,
processés these indications and introduces §iqnals to the
motors to regulate the currenté through the motors so that the
currents are substantially egual. In this way, the motors
122a and 122b drive the fan 46 at the particular speed on a

balanced basis.
The motors 122a &nd 122b and the shaft 126 are also
Thhisthereﬁaoemenﬁsheet
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having non-corrosive properties, the housing having a honogeneous
construyction, the tenperature regul ating neans including a tenperature
probe supported on the housing and extending into the housing. 3.

Appar at us conprising: a housing nade froAPa materi8ilibstitutegheet- AQ/8(86 ve

SUDSt 11 Ut e SR Sr1ZABHEE Bn - Hodd ol o o Tee: FORES S78paded ST iR ced
on bearings 130 and 132. The bearings 130 and 132 are
supported on a case 134 madé from a suitable material such as
stainless steel. The bearings are spaced from the case 132
as by mounts 136 and 138 made ffom a resilient material such
as a fluorinated elastomer. In this way, any voltages
generated as a result of the electrical discharge between the
cathode 18 and the anode 20 are isolated electrically.
Furthermore, any vibrations in the motors 122a and 122b are

damped.

Figures 10 and 11 show an arrangement for cooling
the components which produce the voltage pulses applied to the
cathode 18. These components include a pair of capacitors
140, a thyratron 142 and a trigger board 144 on which
electronic circuits are disposed. The components also include
a power supply 146 for the thyratron 142. When the capacitors
140 become charged to a particular voltage by the high voltage
power supply 105, the trigger board 146 triggers the
thyratron, causing the capacitors to discharge through the
thyratron. The circuits for.controlling'the triggering of the
thyratron 142 are well known in the art and are disposed on
the circuit board 144. The power supply 146 provides power

to the thyratron 142.

In Figures 10 and 11, air is cooled and recirculated
through a closed loop 148 for cooling the capacitors 140, the
thyratron 142, the trigger bbard 144 and the power supply 14S6.
The closed loop 148 includes fans 150 for driving the air in
the closed loop and also includes a medium such as 2 source
152 of a cooling fluid such as water for cooling the air. An
‘array of small tubes 154 such as those provided by Hexcel are
dispcseé between the fans to direct the movement of the air
in the path indicated by the arrows.

As shown in Figures 10 and 11, the recirculating air
flows past the capacitors 140. A portion of the air then
flows through an orifice 156 in a wall 158 into the space
between the thyratron 142 and an insulating chimney 160 made
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relationship to each other wwthin the housing, first neans associated with

t he anqde and the cathode for periodically producing an electrical

dlscharge bet ween the anode and the cathode, there being gases in the

housi ng for ionization and cheni cal reactlfron heat Substrne sheppertt2/8/9§ t he
means_di sposed w thi.n the housing

For passi ng A0 Bi G4E FRBIBIPA T HELAHAD 8 BoRTTheE hodeieng iia chpdBthe
supported bghvketiromsildg@ asdisxféadsngni nhe spacehovstiwegefothdetbymantrag the
tenperature;wht BhR e RAUTNRG 1¢d." d PIRANS F SR NY G kP2l DEed CERELALNT ©
of the a port 161 into a pipe 162 included in the closed loop.
Another portion of the air flows.through an opening 164 into
a passageway "166 defined by the lower end of the housing
member 73 (Figure J) and a guide member 168 disposed on the
chimney 160. This portion of the air flows past the power
supply 146 and aleong the trigger board 144, which is providesd
with curved configurations at its upper and lower ends to
guide the air for movement along the trigger board and then
into the exhaust port 161. The heated air is then cooled by
'the heat exchanger 52 and recirculated by the fans 150 in the

closed loop 148.

Figure 12 shows a curve 170 in which the
concentration of fluorine (F;) is plotted on the horizontal
axis and in which the energy in each output pulse is plotted
on the vertical axis. Figure 12 also shows another curve 172
in which the concentration of fluorine is plotted on the
horizontal axis and in which the efficiency (in percent) of
the laser 10 is plotted on the vertical axis. Here efficiency
is defined as the ratio of laser energy and input electrical
energy. As will be seen, the radiation energy in each output
pulse in the laser 10 and the efficiency in the magnitude of
the radiation energy in each output pulse in the laser
relative to the magnitude of the input energy reach a peak at
substantially the same concentration of fluorine in the
housing 11. This peak is.at a concentration of approximately
0.068% of fluorine (F,). As will be appreciated, the laser 10
also contains krypton in a concentration in the order of one
percent (1%). The remainder of the gas in the laser 10

~ constitutes a neutral gas such as neon. .

Figure 13 also shows two (2) curves each with the
concentration of fluorine (F,;) plotted on the horizontal axis.
A curve 174 corresponds to the curve 172 in showing the
relationship between the efficiency in the operation of the
laser 10 and the fluorine (F,) concentration. A curve 17s
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probe for continuously regulating the tenperature of the gases within the
housing to a particular value, and fourth neans responsive to each

el ectrical discharge between the anode and the cathode for providing for a
cooling of the tenperature of the gases wis$hin t heShbstitutg sheeto[278£36 e

for the heat produced as a result of such electrical discharge. 4.
Appar at us ashoets ftivet Irelatdiofisni®y, bgteresm the ¥idEk h( MpapaneseepRtsl i9e to

provide forc¢hhe passs@e opuliBesf| Uirbd hr engh thes&econd s upDIeSaddc

el ectrical dlschar%e het ween_t he anpde an theAcatagge and in aqg&adan e

with the naGRPFERETSHNE Qe Tt i ENar gePBelteen BehSeibdd M P

cat hode, wagféicienley Housing curvende74 r anda et gdeaxnd rt ehes guorae veEiadth
in the curve 176 occur at substantially the same concentration
of fluorine. This is substantially the same concentration as
in the peaks of the curves shown in Figure 12.

Figure 14 illustrates the relationship between the
number of pulses (shown in millions on the vertical axis)
produced by the laser and the concentration of fluorine (the
horizontal axis). 'Figure 14 shows two curves 178 and 180 for
two (2) different output energies, the curve 178 being for
pulses of eighteen kilovolts (18 kV) between the cathode 18
and the ancde 20 and the curve 180 being for pulses ¢of twenty
kilovolts (20kV) between the cathode and the anode. As will
be seen, without any addition of fluorine to the laser 10, the
concentration of the fluorine progressively decreases in a
linear relationship as the number of pulses from the laser

increases.

The ultimate conclusion from Figures 12, 13 and 14
is that the concentration of fluorine in the housing 11 should
be regulated at a value close to a concentration of
approximately 0.068% in order to provide optimum energy from .
the laser 10 and optimum efficiency in the operation of the
laser. This can be accomplished by initially incfeasing the
concentration of the fluorine in the housing 11 in increments
until the efficiency in the operation of the laser 10 and the
maximum energy from the laser increase to peak values and then

decrease slightly.

No further addition of fluorine to the chamber
should then be made until the efficiency in the operation of
the laser and the maximum energy from the laser increase to
peak values and then decrease slightly. In this way, the
concentration of the fluorine in the housing 11 may be
alternately regulated between a value of approximately 0.070%
and a value of approximately 0.066% to obtain peak energies
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passes water through the housing to cool the housing and wherein the heater
means gre supported on the housing externally of the housing. 5. A nethod
of regulatlng the tenperature of a |aser including the follow ng steps:

prioviding a housing with a honngeneous dénposi t i onSubstitae ishgetin 1248486 and
a cathode of the laser within Substitute sheet - 12/8/96 the

housi ng, df$EBsitHE dé§§§\&Qrﬂqﬁtﬁﬁ?ﬁuﬁéfH§1$6?1?%n+EaFFSn°Peratl°n of

the laser. Experience has shown that a laser operating at its
maximum efficiency has an enhanced reliability and increased

lifeﬁime of the components in the laser.

A common technique to operate the laser 10 near its
maximum efficiency is to fill the laser with just the right
amount of halogen and then, as the number of pulses
accumulate, replenish the halogen'donor by injecting a small
amount of the donor into the laser. For an industrial laser,
the process of halogen injection should be automated.
However, the process of halogeh injection can be automated
only if the halogen concentration is known. In excimer laser
gas mixes, the halogen concentration is typically less than
one tenth of one percent 0.1%. Therefore, the instrumentation
to measure halogen concentration is. too complex and expensive

for an industrial laser.

This invention provides a halogen injection
technigque which operates the 1laser near its optimum
efficiency. It relies on the fact that the halogen depletion
rate as a function of input energy is known for a laser and
that this depletion rate is linear as shown by the curves 178
and 180 in Figure 14. Therefore, after a certain number of
pulses, the halogen concentration can be estimated. An

- extremely small amount of halogen (a perturbation) is then
injected into the laser gas. This perturbation to the laser
~gas medium could possibly result in an increase. or decrease
in laser efficiency. Depending upon whether this perturbation
results in an increase or decrease in laser efficiency, -
additional increments in the halogen are introduced into the

housing 11.

An increase in laser efficiency is an indication of
a2 halogen-depleted laser gas, and further halogen injections
are continued until there is no increase in laser efficiency.
A  halogen injection resulting 1in a decrease in laser

- efficiency is indicative of a gas mixture which is either too
rich or just optimum in hdlogen. Since the halogen injection

This is the replacement sheet
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and chem cal reaction when an electrical discharge is produced between the
anode gnd the cathode, providing for electrical discharges between the
anode and the cathode on a periodic basis, continuously regulating the
tenperature of the gases within the housiyg at a pgubigtidtadsheat ue.2/8/86
additionally regulating the tenperature of the gases within the housing
upon each elisctonlyl adi pehtugeabtiemeed ttike agede miktune, c&hiodkeswlting)

met hod as S@ﬁakﬁ,{éﬁlhig%@é e g 3 L audli g, vadgi ghgaql Be e s @tdidhdtheo

tenperature W tf] t ousi ng, in accordance Wi th the nmagnitude of the
el ectrical HREBRARRFE HATRET tHY e&td®N%nd the cat hode, by the steps of:
di sposing a heater on the housing externally of the

In the following paragraphs, a microprocessor-based
implementation of the aforementioned F, injection technique is
described for a KrF laser. The implementation for other
excimer gases is similar. The algorithm described in the
following paragraphs is also self-learning in the sense that
it corrects for situations when a halogen is injected either

too soon or too late.

In the embodiment of the invention shown in Figures
15 and 16, the microprocessor controller 118 commences its F,
injection program when the laser chamber is filled with fresh
laser gas. In this example, the laser gases are Krypton,
fluorine and the buffer gas neon. The microprocessor-
controller 118 retains in its non-volatile memory a look-up
table pertaining to F2 consumption as a function of input
voltage and the number of laser pulses. The data in the look-
up table is based on detailed parametric studies performed on

similar lasers.

Experience has shown that lasers which are similar
in construction and output performance have approximately the
same F2 consumption characteristics. A sample table is shown
in a graphical form in Figure 14A. Figure 14A is a curve
showing the relationship between the number of pulses'for
producing one (1) Torr of a particular gas such as fluorine
(F,) and different values of the voltage introduced to the
capacitors 140 in Figures 10, 11 and 19. From Figure 14A, one
can estimate the number of pulses required to consume 1 Torr
of F, af a predetermined voltage of the capacitors 140. Or,
if the average voltage for a given number of pulses is known,
the amount of consumed F2 can be estimated as indicated in

Figure 1l4a.

In practice, as the laser 10 operates, the input
voltage varies depending upon the output energy requirements
This is the replacement sheet
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housing, providing for a flow of water through the housing to cool the
gases within the housing, and supporting a probe on the housing and
extending the probe into the housing to neasure at each instant the
tenperature of the gases within the houging. 7. Sabetitdie rshicied R 121806
| aser, _a housi ng havi ng non-corrosive ‘gqro erties, and a cat Qode

_ an .anad
di sposed weCHi ¥PPRe ARG RS, OFBERPAT R T SX HrEAHT ﬁgfe"eﬁ YRR
di schar _geﬁr_rpgr Egdsﬁfbfﬂﬂchﬁcmemastelme cdrockes ek t hes c somgolaest her gubsiing
gases within the hausing f |_Qni ' d ' { oN eagh
el ectrical 2YPERA&S agsl}&%mgg]eﬂt%énéﬁyggrlg%% t%ge?aﬁio%:f@%injdp rePefs©es
: the look-up table such as shown in Figure 1l4A to compute an
estimate of the decrease in F,. After a predetermined
decrease ir F,, an injection is initiated. The permissible
decrease in F2 concentration capable of initiating an F,
injection is determined from the energy vs. F, concentration

curve, similar to the one indicated at 170 in Figure 12.

The specifics of the F, injection method are shown
in the flow charts shown in Figures 15 and 16. The following
paragraphs are numbered to correspond to numbered steps in
Figure 15. For example, the paragraph numbered "5" below
refers to the step numbered as "5" in Figure 15. The numbers
in Figure 15 are to the left of the designated steps in the

flow chart.

1. The LASER GAS FILL initiates the F, injection
method. In this step, the housing 11 is filled with the gases
providing the chemical reaction. These gaées may comprise
krypton, fluorine and an inert gas such as neon. The fluorine
concentration is approximately egqual to the optimal value.

2. Immediately after the gas fill, a variable,
CORRECSHT, is initialized to zero. This variable, an integer,
is a correction to the initial estimate of the number of
pulses after a gas fill when the F, injection is initiated.
As will be seen subsequently,  this variable can be either
positive or negative and accounts for deviations in the F,
consumption of a2 laser from the look-up table (Figure 144). "

3. T™wo other variables, both integers, are
initialized. 'These are SHT and INJATMPT. SHT is a count of
the number of pulses a laser fires after a gas refill or after
a F, inject. It is initialized to -CORRECSHT. -After a gas
£i11, SHT is set to 0. As will be seen subseguently, the
counter is initialized every time a gas fill or a F, inject
occurs. INJATMPT is the number of attempted injections,
starting with the initial value of 0. The counter INJATMPT
will be clarified subsequently.

This is the replacement sheet



means for recirculating the gases to clean the gases and for reintroducing
the gases to the housing after each circulation, the recircul ating nmeans

|nclud|ng a pair of notors having substantially identical characteristics
and further including a fan comonly dr gven by t he Spbstitute sheedr-s12/8486 of

the notors providing a current to rot atd the fan, the recircul ating
means further includifig rEagsCewsponsiive inErementot RYONY tipeceheflases fan

and the curgends, | hd Rehdmilayex tfq:re%gulc&teemt;mdﬁoae% &dreaeb D et R of an

at a particular value and to re ulatet urrents_in the
P computes a running a erage oéa e voltage provn%e% that SHT

is greater than zero (0). The microprocessor-based controller
118 then utilizes the look-up table (Figure 14A) and computes
the decrease in F, concentration based on the value of SHT.

5. At a particular value of SHT designated by
INJSHT, the F, concentration is <determined by the
microprocessor-based controller 118 to have decreased by a
predetermined amount so that a noticeable decrease in laser
efficiency has occurred.

6. An F, injection is initiated as by a procedure
known as PERTURB. The procedure PERTURSB is shown in the form
of a flow chart in Figure 16. It is described subsequently.

7. PERTURB returns a value for a Boolean variable.
SUCCESS. An F, injection is considered a failure if it
results in a. measurable decrease in laser energy or |
efficiency. 1In other words, success is set to NO.

8. If SUCCESS is NO, the counter INJATMPT is

 incremented by 1. This means another unsuccessful injection
attempt was made. '

9. The program permits only a certain maximum of
injection attempts designated by INJATMPTMAX. An excess of
attenpted injections can lead to a laser gas mix that is too
rich in F,. .

10. If the number of attempted injections is less
than the permitted maximum, the counter SHT is incremented'by
an integer every time that the laser fires.

11. An F, injection is retried via the sub-program

" PERTURB when the SHT counter increments by a small number of
pulses. This small number 1is designated by the integer
constant INJFAILSHT. It is usually selected to be a fraction
of typical INJSHT values. ) |

12. If the number of attempted injections is egual
to the permitted maximum, the process of injection is
terminated and a new value for CORRECSHT is calculated. The
next injection will be offset by an amount egual to CORRECSHT.
Its value can be positive or negative. If, in Step 7, SUCCESS
returns yes, the integer INJATMPT will be zero. 1In this case,
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8. In a conbination as set forth in claim7, the regulating means being
operati,ve to maintain the currents in the notors at substantially equal

val ues” while regul ating the rotational speed of the fan at the particul ar
val ue; the pair of notors and the fan hays ng a cong8ubstitiaétisheatarns2/8/96
associ ated with each of the notors for preventing the electrical discharge
bet ween the;raanodalaad dhe CORRECSH TS r b aféfgadtiivey t hé&h@Ater a8 oFPRRECTREE

ot or ; fﬂeﬁh gwt@heeﬁgpstoﬁnjgg%lgﬂtQ&%emerﬂEéUIﬂilfm Shocks

and V|brat|ons |n e shaft common to the nobtors; and an
t he tenpenﬂﬂﬂﬁﬁ?%ﬁ iMmelaser efficiency (or power), CHT% é%gégstggaaatlng

the laser has probably been operating with less than optimal
F,. Therefore, during the next cycle, the SHT counter is
equal to CORRECSHT instead of zero (0) so that the next
injection occurs INJFAILSHT pulses earlier. If INJATMPT is
greater than one (1), the next injection is delayed by an
amount egual TO CORRECTSHT. '

13. A gas refill (i.e. the laser is evacuated and
replaced with fresh gas) terminates the cycle. Otherwise the

cycle continues.

SUB-PROGRAM PERTURB .
The details of the procedure PERTURB are shown in

the flowchart designated as Figure 16. This procedure is
important in the Injection technigue. The following
paragraphs are numbered to correspond to the numbered
paragraphs in Figure 16. The numbers in Figure 16 are to the
left of the designated steps in the flow chart.

| 1. Upon entry into the PERTURB procedure, the
microprocessor-based controller 118 reads a value for the
maximum amount of F,, INJMAX, which can be injected in this
perturbation. This value is provided by the user and, after
each gas refill, INJMAX initializes to this value. However,
as the laser pulses and F;injections occur between gas fills,
the value of INJMAX is adjusted as described below. The
microprocessor-based controller 118 also reads the value of
EAVG. This is either the average value of laser energy if the
laser is working at a constant input voltage, or it is the
laser voltage if the laser is operating at a constant output
energy. . A variable EAVGINT is set to this value of EAVG. A
counter CNT is initialized to 0. FLAG is a Bbolean variable
and is set to NO. Its role will be described subseguently.

2. A .small amount of F, INJTMIN is then injected
into the laser. In practice, after the injection, an
identical amount of the gas mix is vented from the laser in
order to maintain a constant laser pressure. The counter CNT
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gases within the housing at a particular value. 9. Appar at us conpri si ng:
a housing nade froma material having non-corrosive properties, an anode
and a cathode di sposed in the housing in spaced rel ationship, neans for
producing an electrical discharge perixadically biysR0td BReéN0q9/8vd% t he
cat hode; there being gases in the housing for ionization and chem cal
reacti on upbs iherememteshe@s ¢het B@sgredtiriesal FhechdirepPintessrr thwesadode

and the cathgderoi8aks {0§ Eedukatd NGed hGahGRPEF Y UERVET thengases W thyn
t he housi ng_conti nyously at ;a particular value, neans  for additionally
regul ating {%gManﬁﬁrggﬁpgmlned by the user and usually depends upon the
resolution of the pressure measuring device.
3. The difference in EAVG and EAVGINT is then
compared with DELTAE, a user supplied number. 1In principle,
DELTAE could be 0. However, in practice, because of the
inherent pulse-to-pulse variation in the laser energy or
voltage, DELTAE is set to a non-zero value. If the laser is
operating at constant energy, ' DELTAE corresponds to the
regulation of the voltage. In the constant energy mode,
DELTAE is the statistical standard deviation of the laser
energy. :
4. If it is determined that the difference is less
than or egual to DELTAE, then the counter CNT is compared with
a predetermined maximum CNTMAX. This maximum is necessary to
ensure that CNT does not assume large values (1.e. too many
INJMIN), implying that the laser gas becomes enriched with F,.
5. If CNT has not exceeded CNTMAX, a new value for
INJMAX is calculated. INJMAX is smaller than its previous
value by an amount equal to the amount just injected in this
unsuccessful attempt. The Boolean variable SUCCESS is set to
NO and is returned to the main program. When the sub-program
is revisited, INJMAX has a different value.

6. If CNT has exceeded CNTMAX, the Boolean variable
FLAG is set' to YES. The sub-program proceeds to the next
step, implying that the process of injection is continued.
In other words, the fact that EAVG is less than EAVGINT is
ignored. Such a step is taken to guard against a possibly
small decrease in laser energy when the F2 concentration in
the laser is near optimum. As will be seen subseguently, the
state of the FLAG is also used to vary INJMAX.

7. The total amount of F,, INJTOT, is calculated.

€. The amount of F,, INJTOT, is then compared with
the maximum INJMAX read by the microprocessor controller 118
in step 1. 1If the total F, injected so far is less than the

maximum, the sub-program recycles.
9. If not, the state of the FLAG variable is
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of the gases within the housing in accordance with the occurrence and the
magni t ude of the el ectrical discharge between the anode and the cat hode,
means 1ncluding a pair of notors and at | east one fan on a conmon shaft for
recircul ating the gases in the 32 housing, the Substitutershdedi-n2/8/96
current for driving the fan, means for filtering the gases in the housing
during theqnﬁﬁﬁ%iﬂation of the gases, and nmeans for regulating the speeds
of the notors and thaaur rishtthe lehaaih inkbigakest sin SYarod d& JRFt &enal |y

equal possibly the amount of F, slightly higher than optimal was
injected and the maximum value of INJMAX is reduced by INJMIN.

11. If the check indiﬁated in Step 9 is NO, each

injection has resulted in an increase of EAVG over EAVGINT.

Possibly, the laser is lean in F,. Therefore, INJMAX is

incremented by INJMIN.

Thus a new F,injection:technique is described which
strives to maintain the F, concentration in the laser 10 near
its optimal value. The technique first estimates the decrease
in the concentration based upon input voltage. The process
of injection involves perturbing the laser gas with a small
amount of F, and then looking for a change in the laser
output. An increase in output continues the process of
injection, but a decrease terminates the process. Since the
amount of injected F,is small, the laser F, concentration does
not deviate far from its original value. The technique is
self-learning. Therefore, as the laser operates, all of the
critical parameters of the F, injection technigue are
automatically adjuSted to maintain nearly optimal F,

concentration.

Pulsed laser .applications, such as materials
processing, require a known amount of laser energy incident
upon the material being.processed. In fact, in most of these
applications, proceés control is achieved by controlling the

"energy incident upon the surface of the material. Therefore,
an industrial laser is equipped with an energy detector which
measures the energy of each laser pulse. The laser-based
micro-controller communicates the energy to the user’s
controller. Upon command from the user, thé laser-based
microcontroller can adjust its operating conditions to
maintain constant laser energy or change the laser energy to

a new value. .

Occasionally, a malfunctioning component or sub-

system in the laser can result in less-than-expected energy.
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contrtibutions fromthe notors in driving the fan at a particul ar speed. 10.
Appar at.us as set forth in claim9, wherein the tenperature regul ating neans

includﬂng a probe in the housing and a heater supported on the housing
exterior to the housing and neans for reedrcul ati n§ubsfitutedsheatouti2/8/868

housi ng to cool the housing. the housing is nade froma netal, the speed
regul ati ng Swelndow ien@rgdi Ryents rfam opeocedsiam for £oeanenty anddiext i ons

representingrédiel PEedBodd & rBdedsS ciitddie CufyEeidSl 1T oughek ey Jau,or s

and for operating upon.the ingdications of the speeds and the currents for
regul ating tTRExPHeedEVor Ehe Holhr & aPSthe ?}%‘??fgﬁir Y N aﬁset Hep Ser
currents trwqm@ﬁrqlkgqnminsbgtprogrammed to, terminate laser operation.

Trained service personnel are then required to isclate the

malfunctioning component or sub-system. Experience has shown

that trouble-shooting for the cause of lower than expected
energy can be laborious and long. This is especially the case
when the problem occurs only when_the laser is operating, i.e.
under dynamic conditions. Dynamic problems reguire the use
of specialized diagnostic  tools operated by well-trained

service personnel.

An example of a dynamic problem is a thyratron which
switches energy from the capacitor to the laser before it is
triggered (i.e. the thyratron prefires). The egquipment to
detect a thyratron prefire is a pulsed high-voltage probe and
a digital storage oscilloscope. On the other hand, a static
problem manifests itself even when the laser is not operating
such as from a dirty laser window. Simple visual inspection
can usually detect dirt on a laser window. Therefore, these
problems are relaiively easy to isolate and solve.

Industrial eguipment with built-in dynamic
diagnostics to monitor system performance are now being
routinely used. These diagnostics reduce egquipment down time
by helping ‘the user’ isoclate the cause of the problem.
Additionally, they provide valuable data to the eguipment
manufacturer about component or sub-system performance and
lifetime. This embodiment of a laser system incorpdrates a
novel implementation of microprocessor controlled diagnostics
built into an industrial laser such as an excimer laser.
These diagnostics are placed in various critical locations in
the laser. The microcontroller continucusly monitors these
diagnostics. When it detects a low energy pulse, it examines
and analyzes its stored data from these diagnostics and
informs the user about the likely cause of the problem. 1In
their absence, the user might have to resort to a series of
trouble~-shooting steps to first duplicate the problem and then
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substantially identical values, and the tenperature regul ati ng nmeans
includes neans for producing an increased circulation of the fluid through
t he hou5|ng upon the occurrence of each electrical discharge between the
anode and the cathode and in accordancezwith the nmSubistitute sHeetact2/8/96

el ectriical discharge. 11. Apparatus conprising: a housing, an anode and a
cat hode di 3gededei mhiehdahdnyi ngmpanepaced rel ati onship to each ot her, neans
for provi di ng el ectrical di scharges periodically between the anode

and the cathode, there being gases in the housing for ionization by the
electrlcal d|scharge?hbepﬂeéﬁsﬁrﬂiaﬂﬂiﬁ?%ﬁﬂﬁiﬁ*@qﬂ@Fﬁdﬁé can be clearly

described with the help of the cumulative flow=-chart in
Figures 17A and 178. Each step in the analysis is numbered
in Figures 17 and 17B, and the numbered paragraphs below refer
“to such numbers in Figures 17A and 17B. The details of the
diagnostic hardware are not described. Most are voltage or
current sensors whose analog outpués are converted by analog-
to-digital converters and then monitored by the laser-
microcontroller. Wherever required, the signals are
appropriately filtered for noise (radio frequency) reduction.

(1) The laser microprocessor-based controller 118
determines that the laser energy is below the user'’s specified
value by an amount greater than the user specified tolerance.
The laser is shut down and requeéts service from the user.
In the following steps; the microprocessor-based controller
118 analyzes its stored data and indicates to the user the

probable cause.
(2) The mlcroprocessor-based controller 118 checks

whether the magnitudes of low voltage power supplies in the
laser (5, 12, 24, 48, 6.3 VDC, etc.) are within specified
tolerances. Since some of these voltages are used as
references, significant deviation in their magnitudes can
cause calibration errors.’ ' )

' (3) Replace the appropriate faulty power supply;

(4) The micro-based .controller 118 now checks the
DC voltages on the thyratron trigger board 144 (see Figures
10 and 11). Proper voltage sensors at Xey locations on the
board indicate whether the power supply or the critical solid-
state switching elements are operating normally. The DC
voltages not only generate the pulses to trigge? the thyratron
142, but also various bias voltages required for proper
operation of the thyratron.

(5) Replaces the thyratron trigger board 144 since
one or more voltages are outside predetermined range.

(6) Even if DC voltages on the trigger board 144 are
normal, its switching elements may be malfunctioning. The

This is the replacement sheet

Do o 14 AUG 1936



and for chem cal reaction after such ionization, and neans for regulating
the concentration of at |east one of the gases in the housing to obtain an
'optlnun1eff|0|ency in the ionization of the gases and the chem cal
Substitute sheet - 1218/ 96 reaction between the gasebstiraeshiet - T@/8196 ni ng
the tenpperature within the housing at a particul ar value, and neans for
recircul at sag tichdirgased ementtise denesrame artthrfeer pulsesi nigh t Ae RRTTBECWLAT Ng

Sueh CH T USTARAN N ERE IS A PR NG PTRRRS 1Y) VT MR RA e
sensors 190a, 190b and 190c sense these pulses. (In practice,
the outputs of the current sensérs are filtered, integrated
and compared to references).

' (7) Replace the thyratron trlgger board 144 if one

or more of the trigger pulses are outside the specified

tolerances.
. (8) The high voltage power supply (HVPS) 105 in

Figure 3 has built in diagnostics, typical of any commercial
supply. These diagnostics detect fault conditions inside the -
supply anéd shut it down and report the faults to the
microcontroller. ' '

(9) Replace the supply 105 if a fault is detected.

(10) Occasionally, the HVPS may not detect or report
a fault even if it has no output. For instance, if there is
no power to the HVPS (due to a blown fuse), the supply would
neither have any output nor report a problem. The HVPS uses
a voltage sensor coupled with a feed-back circuit to regulate
its output voltage. The voltage sensor monitors the output
of the HVPS. A malfunction here can result in an erroneous
output voltage. A corresponding current sensor also exists
in the HVPS. Both of these sensors are monitored by the laser
controller 118. The voltage sensor signal is used by the
laser controller 118 to determine whether the HVPS output is
equal to its commandwvoltage. Under normal conditions, the
HVPS charges the capacitors 140 in Figure 19 to the command
voltage. The voltage sensor signal as monitored by the
controller 118 is seen in Figure 18a. Once the command
voltage has been attained (182), the HVPS ceases to charge the
capacitor. 1In Figure 18b, the current wave form 198 is shown.
As soon_ as the capacitors 140 are charged to the command

voltage, the charging current ceases.
(11) Before any conclusion can be reached about the.

well-being of the HVPS, the controller 118 checks for any
thyratron 142 prefire. Thyratron prefires can be explained
by comparing Figures 18a and 18c. In Figure 18a, after the
capacitor attains the command voltage 182, the thyratron 142
switches the capacitor energy into the laser as indicated at
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Ve
the energy obtahned fromthe chem cal reaction of the gases upon each
el ectrical discharge between the anode and the cat hode, the regulating
nmeans further i ncl uding neans for introducing the at |east one of the gases
in increments until the at |east one ohgt he gases Bubstifie sheetpt12/8/96
energy.in each chemical reaction and for introducing the at |east one of

the gases jgy | ncrﬁw&cfrprsaﬁba&hgtli@ b&%&ssefn&ar Bt thet Renyair@h i n the

chem cal reactlons starts to fromthe optinumval ue, and the gases
have propérRigserof %Hﬂu%“?lglénlﬁﬁttﬂﬁ&? e g"';}"ef R ah P LHRAREESS S8 et i on
of the gasamufrinezachiel ect Hot@lvedi,schnage wWuae t bératmseastesne wie t he

gases has te}lgprarézlocnU|ﬁzc%g%enééfg'&nléghthgeggyél Wre a&ﬂnmand of the
The self
switching can be seen at 186 in Fig. 18c. Before the
capacitors 140 have charged to the command voltage, the
thyratron 142 prefires. The voltage of the capacitors 140
drops to zero. Subsequently, the HVPS continues charging the
capacitors 140 as indicated at iBB in Figure 18c, but the
capacitors 140 do not reach the command voltage before the
microprocessor-based controller 118 initiates the thyratron
trigger. In practice, the microprocessor-based controller 118
looks for any drop in voltage once it has initiated a2 charge
command and before it initiates the thyratron trigger command.
Any drop in voltage is considered to be a prefire of the

microprocessor controller 118, i.e. it prefires.

~ thyratron 142.
(12) A prefire of the thyratron 142 is detected and

reported. If prefire rate is greater than a predetermined
rate (e.g. 1 in a million), a thyratron change is requested.

(13) If the microprocessor-based controller 118
detects a HVPS current as indicated at 198 in Figure 18b, but
no voltage 180 and 182 as indicated in Figurg 18a, it
concludes that possibly the high voltage cable 88 in Figure
6 is defective or shorted.

(14) The controller requests service on the HV
cable assembly. .

(15) The controller does not detect any voltage or .
current from the HVPS, possibly due to an internal fault in
the HVPS. The supply is probably completely inoperative. It

requests HVPS service.

(16) After every gas refill, the microprocessor-
based controller 118 initializes a counter to zero. As the
laser fires,_;he counter is incremented. The controller
compares the value of this counter to a predetermined maximum.

(17) If the counter exceeds the predetermined

maximum, the microprocessor-based controller 118 regquests a
gas refill. This has been described above in detail and is

shown in Figures 15 and 16. L
n ¢ nd 1 This is the replacement sheet
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the .regul ati ng neans being operative to introduce the at | east one gas into
the hoysing until the at |east one gas has a concentration slightly greater

than the particular concentration in the housing and being operative to
prevent any further introduction of the &t |east oSabgamterEm:eithélZfBKSsng
ent atlon S|I htly | ess

until the at |east one g@S I.n the housin hasa a. c
than the particul ar coht®ht FEYPHHFS AFECF285EY Hlt‘ )'|1|% T & dn and
fluorine to aid @pticzadheirnahtcs eécare)mrfmlatmqﬂ erusm they dAr&meaplaced

fluoride, ang.thg feguddtingy gread?,% | $2QR8r Ak ¥est O 1l Atoddters are
concentration of fluorine in the housing at subs antlaIJ_y tvg u%%rtlc;:ulaar

concentr at i oHPCIERAIT RS ccﬁ’r‘ﬁl’%‘i”h"gm ller compares their

predetermined maxinum.
(13) I any one of the counters exceeds its limits,

&

service is requested.

(20) The laser chamber counter is checked agalnst
its predetermined maxinum. ’

(21) 1If the laser chamber counter does not exceed
the maximum, the user is asked to check the callbraplon of the
laser energy detector against an absolute energy/power meter.
(22) IZ the laser' detector is niscalibrated, the

user is asked to calibrate the .detector against the power

meter.
(23) If the calibration is satisfactory, the user

is asked to examine the laser chamber for any obvious defects.
The user’s attention is then drawn to a trouble-shoc;ting-
manual which elaborates possible chahber problem.

(24) If the chamber shot counter exceeds the
maximum, the user is reguested to replace the laser chamber.
) An automated laser diagnostic system for an
industrial excimer laser has been described and is shown in
Figures 17A and 178. The signals from several dynamic and
static diagnostic sensors are stored and examined when the
laser’s perférmanée is below par. The stored data is compared
to predetermined values, and any deviation is reported to the
user as a probable cause - all of this in a fraction of a
second. On the othe: hand, the absence of automated
diagnostics would require special tools, skilled workers and
valuable manufacturing time to achieve the same results.

Although this invention has been disclosed and
~illustrated with reference to particular embodiments, the
principles involved are susgeptible for use in numerous other
embodiments which will be apparent to persons skilled in the
art. The invention is, therefore, to be limited only as
indicated by the scope of the appended claims.
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a-housi ng having non-corrosive properties, 34 S an anode and a
cat hode dispmﬁegm&mh§§§m§_ Eﬂg I n spaced rel ati onshi p, neans for
provi di ng e arges periodically between the anode and the
cat hode, ther n t he housi pg for ioni Substitutenshedtent 2/8/96
reacti on upon di scharge between the anode and the cat hode,
t he gases havi ng propertles ot prowd di g ;M apti mal energy upon each
chem cal reaction when the concentration of _

1. Apparatus comprising:

a housing having a homggeneous construction,

a laser having an anode and a cathode disposed in

spaced relationship in the housing,
heater means supported by the housing for heating

the area within the housing,
‘'means for producing an electrical discharge between

the anode and the cathode,
there being gases within the chamber for ionization
and chemical reaction upon each electrical discharge between

the anode and the cathode,
a2 heat exchanger disposed within the housing for

coollng the gas in the housing,
means for regulating the temperature within the
housxng to a particular value on a continuous basis, and
means for providing an additional regulation of the
temperature within the housing upon each electrical discharge
between the anode and the cethode.

2. Apbaratus as set forth in claim 1,
wherein the'temperature regulating means includes
means disposed within the housing for providing for a flow
of water through the chamber to cool the gases in the housing,
wherin the heater means for heating the housing and means for
cooling the housing to regulate the temperature of the gases
in the housing to the particular value and wherein the housing
is made from a metal having properties of conducting heat and
having non-corrosive properties, the housing having a
homogeneous construction, '
) the temperature regulating means including a
temperature probe supported on the housing and' extending into

the housing.

3. Apparatus comprising:
a housing made from a material having non-corrosive

properties and having properties of conducting heat into the

housing,
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[ ——
at | east one of th% gases in the housing is at a particul ar val ue, neans
concentration of the at |east one gas in the housing at

f OThig ~
t he ml \ ue in accordance with the anount of energy in each
che means for regul ati ngathe tenper8ubstituté shieet gdX8/96 t hi n

the housing continuously at a particular value, and neans for providing an
addi tional regul ati ognof alnferiet ergres at air ecatnbde gakiespaesddi nihhe spacsidg

upon eachléggg%renCﬁégftgnengcPEbgglHngggaEg% g%hgq_ ,the anode and the

cat hode. bRBP i On as se ortn-in—claimwhereéi
first means associated with the anode and the
cathode for periodically producing an electrical discharge
between the anode and the cathode, '
there being gaées in the housing for ionization and

chemical reaction,
heater means supported by the housing for heating

the-housing, .
second means disposed within the housing for passing

a fluid through the housing to cool the housing,
a2 probe supported by the housing and extending into

the housing for determining the. temperature within the

housing, _
third means responsive to the temperature of the

probe for contindously'regulating the temperature of the gases

within the housing to a particular value, and
fourth means responsive to each electrical discharge

between the anode and the cathode for providing for a cecoling
of the temperature of the gases within the housing to
compensate for tbé heat produced as a result of such

electrical discharge. .

4. Apparatus as set forth in claim 3, wherein

the fourth means is operative to provide for the
passage of the fluid through the second means upon each
electrical discharge between the anode and the cathode and in
accordance with the magnitude of the electrical discharge

between the anode and the cathode, wherein
the housing is made from a metal and the first means

passes water through the housing to cool the housing and

wherein
the heater means are supported on the housing

externally of the housing.

5. A method of regulating the temperature of a laser

including the following steps:
providing a housing with a homogeneous composition,
disposing an anode and a cathode of the laser within
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t he concentration regul ati ng means including nmeans for introducing the at
| east qne gas i nt o Thl§sh j gef t he anount of energy in each cheni cal
reacti on starts to d " “ ﬂr interrupting the introduction of the at
| east one gas into t i | .thggamount of Sebsftifiteisheedc 278¢d6 cal
reaction starts to decrease, the housing is closed and being nade froma
S|ng:e!nﬂéﬁéaﬁo@gyh?gdheat conductive properties, the tenperature
regul ati ng neans includes a probe su rt.ed t he housi ext.endi n
into the housing fordhéagﬁFnggPﬁﬁst ﬁ%@ﬁ&nﬁﬁé\ﬂqﬁﬁﬁ?% e hgﬁgpﬁéﬁﬁgb )
further inchdidineg ieens edition edehyan el duousicn] disehaagkyisfprdindesusi ng
for heatlggﬁ%ngégaéﬁg éRo&Q?a QUSLBY-2PHhUr t her including means di sposed
or passing a )

within th usT ng
' providing for electrical discharges between the

anode and the cathode on a periodic basis,
continuously regulating the temperature of the gases

within the housing at a particular value, and
additionally regulating the temperature of the gases
within the housing upon each electrical discharge between the

anode and the cathode.

6. A method as set forth in claim 5, including,

additionally regulating the temperature within the
housing in accordance with the magnitude of the electrical
discharge between the anode and the cathode, by the steps of:

disposing a heater on the housing externally of the

housing,
providing for a flow of water through the housing

to cool the gases within the housing, and
supporting a probe on the housing and extending the

probe into the housing to measure at each instant the
temperature of the gases within the housing.

7. In combination in a laser,

a housing having non-corrosive properties,

an anode and a cathode disposed within the housing,

means for providing - electrical discharges
periodically between the anode and the cathode,
’ there being gases within the housing for ionization
and chemical reaction upon each electrical discharge between

the anode and the cathode, and
means for recirculating the gases to clean the gases

and for reintroducing the gases to the housing after each

circulation,

the recirculating means including a pair of motors
having substantially identical characteristics and further
including a fan commonly driven by the pair of motors, each

of the motors providing a current to rotate the fan,
: . o
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fluid through the housing to cool the gases in the housing, Substitute
EmbheetH@/B}br%e eed further including: nmeans for recirculating the gases in
the ans for filtering the gases during such
rec Appar atus conpri si ngyr a housi n@Suttitate g]@émc.om[s/'gse
propertles an anode and a cathode di sposed within the housing in spaced
rel ati-onship to eachtbehergcirculating means further including means
responsive to the rotational speed of the fan and the currents
in the motors to regulate the rotational speed of the fan at

a particular value and to regulate the currents in the motors.

8. In a combination as set forth in claim 14,

the regulating means being operative to maintain the
currents in the motors at substantially equal values while
regulating the rotational speed of the fan at the particular

value;
the pair of motors and the fan having a common

shaft;

means associated with each of ¢&he motors for
preventing the electrical discharge between the anode and the
cathode from affecting the operation of such motor;

means associated with each of the motors for
minimizing shocks and vibrations in the shaft common to the
motors; and | '

means for regulating the temperatures of the

gases within the housing at a particular value.

S. Apparatus comprising:
a housing made from a2 material having non-corrosive

properties, - .
an anode and a cathode disposed in the housing in
' spaced relationship,

means for producing an - electrical discharée
periodically between the anode and the cathode,

there being gases'in the housing for ionization and
chemical reaction upon the occurrence of the electrical
discharges between the anode and the cathode,

. means for regulating the temperature of the gases

within the housing continuously at a particular value,

means for additionally regulating the temperature
of the gases within the housing in accordance with the
occurrence and -the magnitude of the electrical discharge
between the anode and the cathode,

means including a pair of motors and at least one
fan on a common shafc: for-recirculating the gases in the
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" means for produci ng el ectrical di scharges periodically between the

anode and the cat hBuSh plgedgases within the housing for ionization
and chenical reacti ectrical discharge between the cathode
_ | g the concentrat Sabstitutatsheetist! 248606 f

and the anode, nean
the gases in the housing at a particulas2value in accordance with the

energy produced in each chemcal reaction the gases having properties of
produci ng aeuspnigyalthensogp ngperoradi nghenicexicentaler odr wengt kBeofiengas in

the housing has the paLtiC¥bar rcPPeEIhEathegaddle incaHLahbR8 iRBAASRAENT
operative to intrqQduce the at |east oné gas in increnents into the hodsing

until the EBRCERCAZSIRTEP™ B &0e 83S®%Hné™as in the housi ng has

means for regulating the speeds of the motors and
~ the currents through the motors to provide substantially equal
contributions from the motors in driving the fan at a

particular speed.

. 10. Apparatus as set forth in claim 9, wherein
_ the temperature regulating means including a probe
in the housing and a heater supported on the housing exterior
to the housing and means for recirculating a fluid through the
housing to cool the housing.
the housing is made from a metal,
_ the speed regulating means  including a
microprocessor for receiving . indications representing the
. speeds of the motors and the currents through the motors and
for operating upon the indications of the speeds and the
currents for regulating the speeds of the motors at the
particular value and the currents through the motors at
substantially identical values, and
the temperature regulating means includes means for
producing an increased circulation of the fluid through the
housing upon the occurrence of each electrical discharge
between the anode and the cathode and in accordance with the
magnitude of each such electrical discharge.

11. Apparatus comprising:
- a housing, )

an anode and a cathode disposed in the housing in
spaced relationship to each other,

means for providing electrical discharges
periodically between the anode and the cathod;,

there being gases in the housing for ionization by
the electrical discharges between the anode and the cathode
and for chemical reaction after such ionization, and

means for fegulating the concentration of at least
one of the gases in the housing to obtain én optimum

efficiency in the ionization of the gases and the chemical
This is the replacsrment sheet
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pr B H | energy in the chem cal reaction and has thereafter
pro u e in the optinmal energy in the chemcal reaction and to
i nt oduction of the at |east one gas into the housing unti

the concentration ofi the at |east one gadd n the hSubstituteahept odL2/8#96 he
opti mal ener LN t ) ca jon and has thereafter produced a
xtg%:aeﬂ"p mebﬁwergn aclher %%fs:]éso reactions, the regulating

decrease in opti nal ~energy | e chenica
means includes a pair of notors each operative to produce a current and to

produce a driving force in accordance with such current and further

including at |east one.fan,commnl riaven.r Lonal | t and
further including rreaﬁ'sz. f ofk%%eé'u:%z'i%l gagé t%%togé?%bi g?i‘ co):%iaq)ﬁ\ ﬁe’ "Bl £ e
: including means for maintaining the temperature within the

housing at a particular value, and
means for recirculating the gases in the housing and

for filtering the gases during such circulation and wherein

the regulating means including means for measuring
the energy obtained from the chemical reaction of the gases
upon each electrical discharge between the anode and the

cathode,
the regulating means further including means for

"introducing the at least one of the gases in increments until
the at least one of the gases produces an optimum energy in
each chemical reaction and for introducing the at least one
of the gases in increments for a short time thereafter until
the energy in the chemical reactions starts to decline from
the optimum value, and

the gases have properties of producing an optimal
energy from the chemical reaction of the gases upon each’
electrical discharge when the at least one of the gases has
a particular concentration in the housing, and

the regulating means being operative to introduce
the at least one gas into the housing until the at least one
gas has a concentration slightly greater than the particular
concentration in the housing and being operative to prevent
any further introduction of the at least one gas into the
housing until the at least one gas in the housing has a
concentration slightly less than the particular concentration,

the gases in the housing are krypton and fluorine
to obtain a chemical reaction for the production of Kkrypton

fluoride, and
the regulating means is operative to regulate the

concentration of fluorine in the housing at substantially the

particular concentration.

13. Apparatus comprising:
a housing having mon-corrosive properties,

This is the replacement sheet
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"3 6 the nptors to obtain the rotation of the fan at a particular speed and
t@hi@ﬁk&&ﬁsﬁé&b&ﬁd ally equal currents in the notors, and further

in ' for continuously regulating the tenperature of the gases

Wi t g at a particular valu@i and neanSubistituteisheet - 1248494 i ng

th W thin the housing upon each_occurrence of an electrjca

di scharge between t hanapdadeanddt Be ARhRAR HRPITRAD I CROYF 1P t1R

izer?y IE §H$geglggigggghsﬁigpharge. 15. Apparatus as set forth in claim
. further®includi ngegngeat ?BrSUp%%rotveiddibrYg t hee{]é)cL{:Sz'-Pc%leXt ecwsaérlé’ré)és the

periodically between the anode and the cathode,
there being gases in the housing for ionization and

chemical reaction upon each electrical discharge between the
anode and the cathode, _
the gases having properties of providing an optimal
energy upon each chemical reaction when the concentration of
at least one of the gases in the housing is at a particular
value,
_ means for regulating the concentration of the at
least one gas in the housing at the particular value in

accordance with the amount of energy in each chenical

- reaction,
means for regulating the temperature of the gases

within the ‘housing continuously at a particular value, and
means for providing an additional regulation of the

temperature of the gases within the housing upon each

occurrence of an electrical discharge between the anode and

the cathode.

14. In a combination as set forth in claim 13,
wherein .

the concentration regulating means including means
for introducing the at least one gas into the hbusing until
the amount of energy in each chemical reaction starts to
decrease and for interrupting the introduction of the at least
one gas into the housing until the amount of energy in each
chemical reaction starts to decrease,

the housing is closed and being made from a single
material having heat conductive properties,

‘ the temperature regulating means includes a probe
supported by the housing and extending into the hohsing for
measuring the temperature within the housing and further
including means supported by the housing externally of the
housing for heating the gases in the housing and further
including means disposed within the housing for passing a

fluid through the housing- to cool the gases in the housing,

Thig is the replacement sheet
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houdhis She T %ed wi thin the housing for passing a fluid through the
housi I gases in the housing, a probe supported by the housing
and the housing, the housjng being honbgeneous and being

made froma material having heat conductiVe proper Substititeasisedtncl 2@/96 t he

heater, the fluid ans.angd the probe for continuously regulating the
tenperatuanA é?ﬁgﬁﬁgeénfnu?hgghousing at a particular value, and neans

i ncluding the fluid means heansedidmt ineg itren tadhing attivee glase® daseshen

t he housingﬁﬂﬁgﬂﬁfacgngccurrence of an electrical discharge between the
t U

anode and e cathode and in accordance with the.- energy in such electrical
means for fxlterlng_-the gasés during such

recirculation.

15. Apparatus comprising:

a housing having non-corrosive properties,

an anocde and a cathode disposed within the housing
in spaced relationship to each other,

means for producing electrical  discharges
periodically between the anode and the cathode,

there being gases within the housing for ionization
and chemical reaction upon each electrical discharge between
the cathode and the anode,

means for regulating the concentration of at least

one of the gases in the housing at a particular value in
" accordance with the energy produced in each chemical reaction.

'16. In a combination as set forth in- claim 15,
wherein ) . -

the gaséé having properties of producing an optimal
energy upon each chemical reaction when the one gas in the
‘housing has the particular concentration,

the rEgulating.means being operative to introduce
the at least one gas in increments into the housing until the
concentration of the at- least one gas in the housing has
produced the optimal energy in the chemical reaction and has
thereafter produced a decrease in the optimal energy in the
chemical reaction and to interrupt the introduction of the at
least one gas into the housing until the concentration of the
at least one gas in the housihg has produced the optimal
energy in the chemical reaction and has thereafter produced

' -a decrease in the optimal energy in the chemical reactions,

the'recirculating means includes a pair of motors
each operative to produce a current and to produce a driving
force in accordance with such current and further including
at least one fan commonly driven rotationally by the motors
and further including means for regulating the operation of
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di scharge. 16. APRAL eSS BERREpHCAD: @ housing, an anode and a cathode

di.sposed in the housi rel ati onshi p, nmeans for applying
vol tages pul ses bet Mﬂmuﬂmﬂamiﬁ nd. the cathode to produce an el ectri cal
di scharge between th cat hode, t her eShbstitutgahest di12/846281 i n

the housing relative to the anode and th&®cathode to become ionized and
chemcally reacti . ' '

Y [83CLL¥8,25:3 LERYLE Ofle'DSSLESH  bEaLnd PSR % DRl vepa. 108

speed and to obtain substantially equal currents in the

motors, and further including:
means for continuously regulating the temperature

of the gases within the housing at a particular value, and
means for further'regulating the temperature within

the housing upon each occurrence of an electrical discharge

petween the anode and the cathode.and in accordance with the

energy in such electrical discharge.

17. Apparatus as set forth in claim 16, further

including .
a heater supported by the housing externally of the

housing,
. means disposed within the housing for passing a
fluid through the housing to cool the gases in the housing,
a probe supported by the housing and extending into
the housing, -
the housing being homogeneocus and being made from

a material having heat conductive properties,
means including the heater, the fluid means and the

probe for continuously regulating the temperature of the gases
in the housing at a particular value, and '

_ means including the fluid means for regulating the
temperature of the gases in the housing upon each occurrence
of an electrical discharge between the anode and the cathode
and in accdordance with the energy in such electrical

discharge.

18. Apparatus comprising:

a housing,

an anode and a cathode disposed in a spaced
relatiénship, )

means for applying voltages pulses between the anode
and the cathode to produce an electrical discharge between the

anode and the cathode,

there being gases disposed in the housing relative
to the anode and the cathode to become ionized and chemically
reactive as a result of the electrical discharge between the
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37 This S! i et - 12/ 8/ 96 anode and t he cat hode, neans for
prOV|d|ngLﬂ LUId past the voltage pul se neans to cool the
vol tage p ns for recirculating the fluid to provide for a

cooling of the flui d after novi ng the fBdi d past tSubstitutaghegut 42/8¢8ens,
and neans for cooling the fluid during the fluid recirculation. 17.
Appar at us asosiet aingr tthe FaiA9R 16 further including neans f or providing a
flow of a portion of meagsCopbi n@rbviddngast fiwvtotgger fhgidemest e neans

for providi '
pro dlvnq.tfa%re apufllsoewmoefan%nqoh%rooﬁorttn'eogolt_age pulse means,

means for recirculating the fluid to provide for a

cooling of the fluid after moving the fluid past the voltage

pulse means, and
means for cooling the fluid during the fluid

recirculation.

19. Apparatus as set_forth in claim 18 further

including

means for providing a flow of a portion of the
coblinq fluid past the triggering means, and

means for providing for a flow of another portion
of the cooling fluid-past the means for providing for the
operatzon of the triggering means, and wherein B

the voltage pulse means includes at least 'qne
capacitor and including means for triggering the dlscharée of
the at least one capacitor and further including means
responsive to the charge in the at least one capacitor for

providing for the operation of the triggering means,
the cooling means for the voltage pulse means

includes means for providing for the flow of the cooling fluid
past the capacitor, the triggering means and the means for
providing for the operation of the triggering means,

the triggering means includes a thyratron, and

further including
a chimney made from a dielectric material and

enveloping the thyratron,
means for providing for a flow of a portion of the
cooling fluid between the thyratron and the dielectric

chimney,
a circuit board being included in the means for

providing for the operation of the triggering means, and
means for providing for a flow of another portion

of the cooling £luid past the circuit board.

20. Apparatus comprising:
a housing, .
This is the replacement sheet
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of the cooling flukdl fastddienk@aga for providing for the operation of the
triggering neans, t e neans including at |east one capacitor
and i rrcl udi ng rrea:zlﬂ“mjﬁ'mgﬂﬁ t he discharge of the at |east one
capacitor and furth ans responsive t8ubstitutaahget i /806Gt

| east one capacitor for providing for theaperation of the triggering
means,” the cooling means for the voltage pul se neans including nmeans for
providing for the flowrofandse caed | agcerhpdepddsppaedcapathieonousiag in
triggering gpabedand 1lts oM fd ddyidkimer for the operation of the

. triggering nmeans, the triggering neagi .inclu in% a thﬁgatron,. %pd f.urther
i ncludi ng a chi mey @& ohfh REAETITE P95 Bpises periodically

between the anode and the cathode to provide an electrical

discharge between the anode and the cathode,
there being gases in the housing for ionization and

chemical reaction as a result of the electrical discharges,

means for providing for a recirculation of the gases
through the housing, -

means for providing a filtering of the gases during
the recirculation of the gases,

means for providing for the flow of a cooling fluid
past the pulse-producing means,

the pulse-producing means including at least one
capacitor, means for triggering the discharge of the capacitor
and means for providing for an operation of the triggering

means,
means for providing a recirculation of the cooling

fluid, and _
means for cooling the cooling fluid during the

recirculation of the cooling fluid.

21. Apparatus as set forth in claim 20, further

including: i
means for producing the flow of the fluid past the
at least one capacitor, )

means associated with the triggering means for
insulating the triggering means and for co-operating with the
triggering means in providing for a flow of the portion of the
fluid past the triggering means after the flow of the fluid

past the at least one capacitor,
means for diverting another portion of the fluid

from thé flow past the triggering means and for providing for
the flow of such other portion of the fluid past the means for
providing for the operation of the triggering means,
, means for providing for a flow of a first portion
of a fluid past the triggering means, and
means for providing for the flow of another portion

of the fluid past the means for providing for the operation
-
This is the replacsment sheet
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d for providing for a flow of a portion of
thyratron and the dielectric chimey, a

circuit,board b |n the neans for providing for the operation
of the trlggerlng neans neans for OV|d|ng1%3u5gﬁﬂﬁy@ﬁée@nqghy@5

portion of the cooling f|UId past the c %uit board. 18. Appar at us

‘conpri sing, A YA N geri ey means,

wherein the means for providing for the operation

envel opi ng théhﬁ
the cooling qu

of the triggering means is disposed on a circuit board, and
means for prov;d;ng the flow of the other portion

being operative to guide the other portion of the fluid past

the circuit board.

22. Apparatus comprising:

a housing, -

an anode and a cathode disposed in spaced
relationship in the housing,

means for introducing a voltage pulse periodically
between the cathode and the anode to provide for an electrical
discharge between the anode and the cathode,

' there being gases in the housing for ionization and
chemical reaction as a result of the electrical discharge
between the anode and the cathode,

means for regulating the concentration of at leas;
one of the gases in the housing to obtain an optimal erergy
in the ionization and chemical reaction of the gases,

means for recirculating the gases,

means for filtering the gases during the

recirculation of the gases,
means for moving a fluid past the voltage pulse

means to cool the voltage pulse means,
means for recirculating the cooling fluid after the
movement of the cooling fluid past the voltage pulse means,

and
means for cooling the fluid during the recirculation

of the fluid.

23. Apparatus.as set forth in claiq 22, wherein
the gases producing an optimal amount of energy in
each ionization and chemical reaction when the at least one
gas has a particular concentration,
. the means for regulating the concentration of the
gases includes means for providing for the introduction of the
at least one gas into the houéing until the concentration of
the at least one gas in the housing is greater than the
This is the replacement sheet
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an anode and isPheet Hes Bep Bead i n the housing in spaced relationship to
each ot her, nea g voltage pul ses periodically between the
anode 'and the c de an el ectrical discharge between the anode
and thé cathode, there being gases in the housing $atsstitue shvevn 12418/96
chenigal reaction as a result of the el &Ctrical discharges, nmeans for
providing { LeciJt. |.0 uskn ng _f or
provi di ng ggﬁf:%tnet%%r%%g# a%%’e%%de%&_glﬁ?ﬁgét%%?r%u a@?oﬁkogn'?gg?ggsnes,
means for peeli diqniiakiemeand ofheniaatosPrR§iPNUCS e 93Res and for

pul se- pr odugkbpeaFR@IS i e fuPtitgPte@UE hagodaaRsohnekudhBgaat 1kgast oaBe

gas into the housing until the concentration of the at least

one gas in the housing is less than the conceritration for
producing the optimal amount of energy in each ionization and
chemical reaction of the gases,

the voltage pulse means including at least one
capacitor, further including

means for triggering the discharge of the at least
one capacitor ancd means for providing for the operation of the
triggering means, and wherein

the fluid moving means providing for a movement of
the fluid past the capacitor to cool the capacitor, a movement
of a portion of the fluid past the triggering means to cool
the triggering means and.a movement of another portion of the
fluid past the means for providing for the operation of the
triggering means to cool .such means and further including

means for measuring the amount of the energy in each

ionization and chemical reaction.

24. Apparatus as set forth in claim 23, wherein

the triggering means including a thyratron having
a filament and a dielectric chimney enveloping_the thyratron,

the cooling means for the charging means provide for
the movement of the portion of the fluid between the thyratron
and the chimney,

the cooling means for the triggering means provides
for the movement of the another portion of the fluid outside
of the chimney and past the chimney and further including

means for passing an electrical current through the
thyratron filament, wherein

the cooling means for the triggering means provides
a merment of another portion of the fluid past the current

means for the thyratron filament to cool such current means.

25. Apparatus comprising:
a housing having heat conducting properties,
an anode and -a cathode disposed in a spaced
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capaci tor, nmeansTh cqd di scharge of the capacitor and nmeans
faor prqviding for u ‘ f the triggering neans, neans for providing
a recirculation o | uid, and neans for cooling t he cooling

fluid during the recirculation of the caaling flui GubkBtute diget’-af 2/968 set
forth in claim 18, further including: means for producing the flow of the
cool i ng fl wedagdsinsthtie dtn |tdestharsireppaci t or, neans associ ated with the

triggering means for i afbpg tr'%ﬁu%&'n%geé' 0?&'&‘33@5 pnts & Oﬁoe%é&xeré‘ é“g
with the tri ggerl ngdn%%ns | ntrﬁ)éd;n cél ng v de aQ‘w 01 é@elggatlgn 011_“
anode an e ca o pro i electr isc arge
between the anode and the cathode,
there being gases in the housing for ionization and
chemical reaction 'upon the occurrence of the electrical
discharge between the anode and the cathode,
means for providing a recirculation of the gases,
means for filtering the gases during the
recirculation of the gases, o
a heater supported cn the housing externally of the

housing,
means disposed in the housing for cooling the gases

in the housing,
means for regulating the temperature of the housing

continuously at a particular value by selective operations of
the heater and the cooling means,

means for further regulating the temperature of the
gases within the housing in accordance with the electrical

discharges in the housing, and )
means for moving a cooling fluid past the voltage

pulse means to cool the voltage pulse means.

26. Apparatus as set forth in claim 25,

the voltage pulse means including at least one
.capacitor, means for providing a triggering of the at least
one capacitor and means for providing for an operation of the

triggering means,
the cooling means for the voltage pulse mneans

including means for moving the cooling fluid past the at least
one capacitor, means for providing for a movement of a portion
of the  fluid past the triggering means, and means for
providing a movement of another portion of the fluid past the
means for providing for an operation of the triggering means,

the capacitor discharge means includes a thyratron
and a filament in the thyratron,

the voltage pulse means includes a power supply for
heating the thyratron filament,

the power supply for the thyratron filament is
Tnis is the replaceament sheet
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cool i ng f|UId Whg nmeans after the flow of the cooling fluid
past the at |lea H , means for diverting another portion of the
cool i ng f|UId fr st the triggering nmeans and for providing for

t he. flow of such other portion gf the cogling fl uiSulpstitute sheeeai2/8/96
provi ding for the operation of the tr|g érlng means, neans for prOV|d|ng

for aflow,of 2<bush A1 ol KBF.gaRL! 0 %Aangﬁéﬁr%éf&g 2 kR

means, and ﬁﬁaﬁ§eﬁof“p |OM/O on o
cooling flsidigastande freaherf oxnmhoi'im ngpefagys tﬁel’or}'@rcaltq anr@ the

coollng fluid, and )
means for cooling the cooling fluid during the

recirculation.

27. Apparatus comprising:
a houslng,
. an anode and a cathode dlsposed in the housing in

a spaced relationship,

means for producing a voltage pulse between the
anode and the cathode to provide an electrical discharge
between the anode and the cathode,

there being gases in the housing for ionization and
chemical reaction upon each occurrence of ‘the electrical

discharge,
means for providing for a recirculation of the gases

in the housing,

means for providing for a movement of a fluid past
the voltage pulse means to cool the voltage pulse means,

means for providing for a recirculation of the
cooling fluid, and

means for providing for a'cooling of the cooling

fluid during such recirculation.

28. Apparatus as set forth in claim 27, wherein

the recirculating means for the gases includes a
pair of motors and a fan and a shaft on which the fan and the
motors are mounted, and further including means for providing
for a rotation of the shaft at a particular speed and for
providing for substantially egual excitations in the motor,
and . .

the amount of energy produced in each ionization and
chemical reaction of the gases in the housing occurs at a
particular concentration of one of the gases, and further
including means for providing alternately for the introduction
of the one gas in the housing to a concentration greater than
the particuiar concentration and the consumption of the gases
until a concentration less’ than the particular concentration.

- This is the replacement shest
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frhik Bifeed Has ggaarknepl edreans,

nmeans is disposed on a circuit board,
prommﬂm w of the other portion being operative to guide the her
uid past the circuit boars. 20. APpaHEHtesS i‘rprﬁ%/ﬁﬁéé
anode and a cathode disposed in spaced relationship in
t he housing, neans for %%t r GRRAGAFYE FOMPE&ELPYF se peri odically between the

cat hode and the anode fa0 nyuaMirdg for an eIectrlcaI
anode and the cat hode, there beln pgas S; tlt_‘he g&%ﬁﬂ ng for

hou5|ng,

an

" cathode,

and neans for

di scharge between the
an anode
a2 cathode disposed in the housing in displaced

relationship to the anode,
means for providing a voltage on the cathode to

obtain an electrical discharge between the anode and the

cathode, _
the voltage means being disposed in a compartment

in the housing,
dielectric means disposed in the compartment and

- disposed relative to the voltage means for insulating the

voltage means,
there being a tendency for the voltage means to

produce ozone in the compartment because of the voltage
provided by the voltage means in the compartment, and

. means for purging the compartment with an inert gas
to eliminate any ozone from the compartment.

30. Apparatus as set forth in claim 29,'further
including: .
means for circulating the inert gas through the
compartment for exhaustion to the atmosphere, and

means for introducing a fresh supply of inert gas
to the compartment to replace the inert gas in the compartment

and wherein:
the voltage means includes a plurality of first

conductive members disposed in a spaced relationship,

the dielectric means including a plurality of
bushings maintaifing the first conductive members in a spaced
relationship and insulating the conductive members from one

another, -
an additional conductive member coupled to the first
conductive members and receiving the voltage applied to the

first conductive members and applying the voltage to the

the circulating means includes a conduit extending
through the housing to introduce the inert gas into the

compartment.

wherein the means for providing for the operation

i oni zati on and
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and the for regulating the concentration of at |east one of
t he gase g to obtain an optimal energy in the ionization and
cHem cal reactlon of the gases, neans for reC| r cul gubgtutb shaees esl.2/8r96S
for filtering the gases during the ié C|rculat|on of the gases, neans

for nmoving a fluid pasi tthﬁgkgﬁgg leggtn?? ggg hhg VOLE@Q%;RU|59

means, neans for recifcul a e coolin mivenment ~of the
coollng fluid past théhﬁoFiéeélﬁeré neang laﬁéuﬁEéné h@ﬁe@oollng the fluid

during the recircul athoRigh voltage lead disposed in the hose, and
coupling means at the end of the hose for coupling

chem Caﬂmsrsaacﬂas W&i‘j\desult of the electrical discharge between the anode

the hose to the housing,
the high voltage lead being coupled into the housing

for introduction to the cathode when the hose is coupled to
the housing, and

means for grounding tne'high voltage lead when the
hose is not coupled to the housing.

32. Apparatus comprising:

a housing,
means for providing a conduit through the housing,

an anode in the housing,

a cathode in the housing in spaced relationship to
the anode, '

means for providing voltage pulses to the cathode
to produce an electrical discharge between the anode and the

cathode,
there being gases in the housing for ionization by

the electrical diécharges and for chemical reaction,

a éompartment disposed in coupled relationship to
the conduit, '

means disposed in the compartment and included in
the voltage means for introducing the voltage to the cathode,

there being a tendency for the last mentioned means
to produce ozone in the compartment as a result of the voltage
pulses introduced to the voltage means, and

means associated with the conduit for passing an
inert gas through the conduit and into the compartment to

purge the o2one in the compartment.

33. Apparatus as set forth in claim 32, further
including

means for regulating the concentration of at least
one of the gases in the housing to obtain an optimal energy
from the ionization of the gases and the chemical reaction of

~ the gases upon each electrical discharge between the cathode
-

T
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pr.oducing an opti energy I n each ionization and chem ca
reacti on when the gas has a particular concentration, the
means for regulating the concentration @6 t he gaseSubswhuteéehestan/8/96
providing for the introduction of the at |east one gas into the housing
until the apdctheratpda,of the at | east one gas in the housing is greater

than the concentraaaﬂg ff%rr @o‘?ﬁ%id&éﬂ? pg&umlﬁévgﬂg UenPREa B Ad"

each ioni zation and chem cal reaction of t'he gases
of the gases 1n the housing at a partzcular value, and

means for providing a 6 further regulation of the
temperature of the gases in the housing upon each electrical
discharge between the anode and the cathode.

Has Been Repl
of the fluid. thBShﬂa n eﬂlfma? set forth in claim 20, wherein the gases

34. Apparatus as set for h in claim 33, further
including .
a heater disposed on the housing,
means for recirculating the gases in the housing,
means for filtering the Ggases during the
recirculation,

means for cooling the gases in the housing,

the temperature regulating means including the

heater and the cooling means.

35. Apparatus comprising:

a housing, |

a cathode in the housing,

an anode in the housing in spaced relationship to
the anode, '

means for applying voltage pulses between the anode
and the cathode to produce electrical discharges between the

anode and the cathode,

there being gases in the housing for ionization by
the electrical discharges and for chemical reaction upon such
ionization,

a hose,

a grounded covering for the housing,

an electrically conductive sleeve movably disposed

on the hose, _
a high voltage contact at the end of the sleeve,

an electrically conductive spring disposed on the
hose and coupled to the sleeve and the grounded covering and
constrained to move the spring into engagement with the
contect,

means disposed on the housing for engaging the
This is the replacement sheet
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t her eAkig Sheet
housina centration of the at |east one gas in the housing is
| ess t ration for producing the optimal anmount of energy in

each ionization and chenical reaction of.the gasesSubstitu skgst -pURB798eans
I ncluding at | east one capacitor, further including nmeans for triggering

the dischagggeQb the glolEast roRe £aRaGLhORt 2RE "BRADS chR a¥OVi Mt NIchor the
nmeans, and wherein the fluid nDV|naneans

operation of the tri gerlgg

provi di ng POESANHPEReHC HTIYHRNT IThY PALETEAE BEp&be GTL4%YTobN TP hEhe

capaci t or, hausbrgnmeithotha pentaon,oénthe fluid past the triggering neans

to cool the triggeripg,pEans Ank ago¥esR tne’ AILIN 08t 9hiLlse
means to provide for the introduction of the voltage from the
contact to the voltage means when the contact is inserted into

E@ %4 the introduction of the at |east one gas into the

the housing.

36. Apparatus as set .forth in claim 35, further

including
a compartment in the housing
an electrical conductor extending through the hose

and engaging the contact,

means for applying a - voltage to the electrical
conductor, the voltage means being disposed in the compartment
and having a tendency to produce ozone in the compartment upon

the production of the voltage pulses, and

means including the hose for providing forn the
purging of the ozone in the compartment, the purging means
providing for the introduction of an inert gas into the
compartment and for the circulation of the inert gas from the

compartment.

37. Apparatus as set forth in claim 36,

the inert gas being nitrogen and the pﬁrging'means
provides for the purging of the inert gas to the atmosphere
after the movement of the inert gas through the coméartment;

and further including: _
a grounded retainer having a pocket for

receiving the end of the hose with the contact when the

contact is not coupled into the housing, and
means for providing for a swivelling of the hose to

provide for the disposition into the pocket in the retainer
of the end of the hose with the contact.

38. Apparatus comprising:
a housing,
an anode in the housing,

a cathode in thé housing in spaced relationship to
This is the replacement sheet
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fluid pastTh o oviding for the operation of the triggering
means t.o co nd further including neans for neasuring the
anpunt ~ of t ch ionization and chem cal reaction. 22,

Appar atus as set forth in claim2l , wherefn the trdg8fify H@@ns12ngbgd|ng
a thyratron having a filanment and a dielectric chimey envefoplng t he

thyratron, tthe covddeg neans for the triggering neans provide for the

movement of the portlovrt?]péaas'emfagugd:tb%tvwmmgtbxge&aanﬁn%ééﬁet&htgaey,

the cooling neans_for the tfiggering neans provides the novenent o
anot her por tGafhase t§e PPEFH“069§FG€1GP1tﬁéﬁﬂﬂ%ﬁiﬂf Ya&1 the E€ArhAcs
and further dmrlunk nghowens for passing an el ectrical current through the

there being gases in the housing for ionization and
chemical reaction in accordance with the electrical discharges
between the anode and the cathode,

means for regulating the concentration of at least
one of the gases in the housing:tb obtain an optimal amount
of energy in each ionization and chemical reaction of <the
gases, '

a compartment,
the voltage means being disposed in the compa*tment

there being a tendency for the voltage means to
produce ozone in the compartment in accordance with the
appliéation of the voltage pulses by the voltage means to the
cathode, and _ )
- means for providing for the purging of the ozone in

the compartment.

39. Apparatus as set forth in claim 38, wherein

the purging means includes means for circulating an
inert gas through the compartment, and the circulating means
includes a hose, and further including

means for continually regulating the temperature of
the gases in the housing to a particular value, and,

means for additionally regulating the temperature
of the gases in the housing upon the introduction of each
voltage pulse to the cathode and in accordance with the
magnitude of such voltage pulse,

means disposed in the hose for introducing into the
hous;ng the voltage pulses for introduction to the cathode to
obtain the production of the voltage pulses between the anode
and the cathode, the means for introducing the voltage pulses
into the housing including a wire disposed in the hose and
also including a contact at the end of the hose for insertion
into the housing and further including means providing an
electrical ground covering on the hose and resiliently
disposed on the hose in endgagement with the contact before the

- This is the raplacement sheet
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thyratron 3 B ced t he cooling nmeans for the triggering neans
provi des a ,” ther portion of the fluid past the current neans
for tHhe thy to cool such current neans. 23. Apparatus6a

conpri $ing: a housing having heat conducting propedsbstituteasheetodd 26§

cat hode di sposed in a spaced 41 rel atiggnship in the housing, neans for
produci ng a vol tage pul se between the anode and the cathode to provide an
el ectrical dnseb&rig® of the hose into the housing and movable from the

contact upon the insertion of the contact into the housing and
' a spring disposed on the hose and engaging the
grounded covering at one end and the resiliently disposed

means at the other end.

40. Apparatus comprising:

a housing,

a cathode in the housipé,

an anode in the housing in spaced relationship to
the cathode, |

means for applying voltage pulses between the anode
and the cathode to produce an electrical discharge between the

anode and the cathode,
there being gases in the housing for ionization and

. chemical reaction upon each electrical discharge)
a compartment, _
means disposed in the compartment for providing
voltage pulses between the anode and the cathode to obtain the
electrical dischafge, '
means for continuously regulating the temperature
of the gases in the housing at a particular value,
means for additionally regulating the tenperature
of the gases in the housing in accordance with the occurrence
and the magnitude of each voltage pulse, and
' - means for purging any ozone produced in the
compartment by the voltage applied to. the voltage means.

41. Apparatus as set forth in claim 40, wherein

the housing being made from a material having heat
_conductivé properties,

means disposed on the housing externally of the
housing for heating the housing, _ ) ' |

means for recirculating the gases in the housing,

means for filtering the gases during the
recirculation,

means for cooling the gases in the housing,

a probe extending intoc the housing for determining

the temperature of the gases in the housing, R
" “This is the replacement sheeét
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behivsire HadBeed R nd the cathode, there being gases in the housing for
I oni em cal reaction upon the occurrence of the electrica
di Hﬂmum t he anode and the cathode, nmeans for providing a _
| t he gases, means for ,ofilteringubktitute shdees 12/8y96N9

recircu
the recirculation of the gases, a heater supported on the housing

external |y of the housh8genpartc ks paged ak nyfife 94iSi el (0 s GOl bRGHehe
ul at'i t he tenperature of the housing

O sl LHEL DS TRRRSS O LEAK, BLLTERS MGaSEETELT U OF (e e
and the cool i ng neansthe purging means includes means for passing an
' inert gas through the housing into the compartment and through
the compartment to obtain a removal of any ozone from the
compartment, and _
the gas-passing means includes a hose for receiving
the inert gas after the passage of the inert gas through the
compartment for introducing the inért gas into the housing for
exhaustion to the atmosphere, and further including
means disposed in the hose for introducing the

voltage into the housing for introduction to the cathode.

42. Apparatus as set -forth in claim 41,

the high voltage means including a contact for
insertion into the housing to provide the voltage pulses
between the anode and the'cathode,

a grounded shield disposed on the hose,

_ a2 sleeve movably disposed on the hose in electrical

continuity with the grounded shield, and :

means associated with the sleeve and the grounded
sleeve on the hose for providihg for the positioning of the
sleeve in engagement with the contact when the hoss is- in
uncoupled relationship to the housing and for providing for
the displacement of the sleeve from the housing when the hose
is coupled to the housing, and further including

a 'grounded retainer having a pocket for receiving
the end of the hose with the contact when the contact is not
coupled into the housing, and ' '
) means for providing for a swivelling of the hose to
provide for the disposition into the retainer pocket of the
end of the hose with the contact. '

LY

43. A method of checking in a laser system a
thyratron having different portions, a thyratron power supply,
a power supply for a filament in the thyratron, a trigger
board and a cable into the housing to determine if these
components are operative to produce a voltage pulse between

a cathode and an anode in the laser, including the steps of:
" This is the replacement sheet
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nmeans f r fu regulatlng the tenperature of the gases within the
nce with the electrical discharges in the housing, and

' a cooling fluid past the voltage pul se means to cool the
VO ans. Apparatus as set _forth in claiguddiruiershaste PRIS796
means |nclud|ng at | east one -capacite?, nmeans for providing a triggering
of the at |east one 9@94@5&@@1§9d @E@@ﬁlﬁ@r ﬁﬁéﬂnﬁwyﬁadimh avoqrageat i o8 of

the triggeri neans, . [ he _cool.ing neans for the vol ul n
el ud ng HERAEREBR nbbi Eh% rENARATAN PFA-s 5ee ‘TRESEE Poalfr fEENIar
capaci t or, vaEaagefuaspmeemdmmglhed aqmaN§n§nynﬁtzpqxﬁndcﬂﬁRﬁEQimg thei d

past the ¢LrLQ0REhNYMBADS paPbfculBRNSo1E86e is not produced,

! if the thyratron does not pre-fires in each periodic
check before the particular voltage is reached, checking the
voltage from the power supply and :eplacing the power supply
if the voltage from the power supply is not satisfactory,

if the voltage from the power supply is satisfactory
in each periodic check, checking.the voltage on the filament
of the thyratron and replacing the filament power supply if
the filament voltage is not satisfactory,

if the filament power supply is satisfactory in each
periodic check, checking the currents through the different
portions of the thyratron and replacing the power supply if
the currents through the different portions of the power
supply are not satisfactory, and )

if the currents through the different portions of
the power supply are satisfactory in each periodic check,
checking the thyratron current and replacing the cable if the
current through the thyratron is not satisfactory.

44. A method of checking in a laser, a thyratron,
having different portions, a power supply for the thyratron,
a power supply for a filament in the thyratron, a trigger
board for triggering the thyratron and a cable from the
thyratron power supply to determine if these components are
operative to produce voltage pulses between a cathode and an
anode in the laser system, including the steps of:

periodically determining whether the voltage pulses
between the anode and the cathode are producing at least a
minimum.amount of energy, and

if the voltage pulses are not producihg at least the
minimum amount of energy, sequehtially and periodically
checking the thyratron voltage, the power supply voltage for
the thyratron, the thyratron filament voltage, the trigger
board voltage, the currents through the different portions of
the thyratron, the current from the high voltage power supply "

and the thyratron current.to determine which, if any, of the

Thiz iz the replacement sheet
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t of another portion of the fluid past the neans for
operation of the triggering neans, the capacitor discharge
hyratron and a filament in the thyratron, the voltage

=AY
puI 'ncludes a power supply for hgating theSiibstitate shedti4 82#8/96 t he
power supply for the thyratron filanment is 4 2 disposed in the path of

movenent ofthyeaanehher tpert kcagraftriome Malithgeanduppliyher tihec| udhiyge qwsems
for rec'rC”%f{$99n£h@oSQQEE“QuLLde tﬂgdtrlgger board and the cable have

to be replaced.

Pr¥ 'Sgée%sa

.45. A method as set forth in claim 44, including
the steps of

replacing the appropriate one of the thyratron power
supply, the thyratron, the thyratron filament power supply,
the trigger board and the cable from the thyratron power
supply in accordance with the tésts performed. '

46. A method as set forth in claim 43 wherein
the testing of the thyratron voltage, the power
supply voltage for the thyratron, the thyratrcn filament
'voltage and the trigger board voltage respectively provides
for the replacement of the thyratron, the thyratron power
supply, the thyratron filament power supply and the trigger
board in accordance with the results of such testing, and
the testing of the currents through the different portions of
the thyratron, the current from the high voltage source and
the thyratron current respectively provides for the
replacement of the trigger board, the thyratron power supply
and the cable in accordance with the results of such testing.

47. A method of checking the operation of a laser
system including a laser with.gas in the laser, low voltage
power supplies, a high voltage power supply and a thyrattén,
including the steps of: '

- (1) determining whether the energy frbm‘ﬁhe laser
is below a particular value, -

(2) if the energy from the laser is below the
particular value, checking whether the voltages from the low
voltage power supplies in the laser are below first particular
values and replacing individual ones of such power supplies
if the voltages from these power supplies are below the first
particular values,

(3) checking whether the voltage for generating
pulses for triggering the thyratron controlling the operation
of the laser is below a second particuiar value and, if such

Th:s is the rep!aoement sheét
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mﬁp%e&qasﬁg_g ﬁ ed he cool i ng fluid during the recircul at | on. 25.

I ng: a housing, an anode and a cat hode di sposed in the
' ed rel ationship, nmeans for producing a voltage pul se
bet and the cathode to prog'%de an el Substieade shewthat 2/8/96
bet ween the anode and the cat hode, there being gases in the housing for
i oni zation aaﬂcseem;ealbeueacttmn sk FAT WreLId e NEL1 0é , t hepebedhgi enk
Roueran e UBE3gLo5uBbYY' FoP9pE80181h5LLEN! atighag g 8388 10 the
(4) checking if the high voltage supply for the
laser is operating properly and, .if it is not, replacing such
high voltage power supply, and
(5) determining whether a particular amount of gas

exists in the laser and, if it does not, introducing such gas
into the laser until such gas reaches at least the particular

amount.

48. A method as set forth in claim 47 wherein the
voltage across the high voltage power supply and the current
through the high voltage power supply are monitored to
determine if the power supply is operating properly and, if
the power supply is not operating properly, replacing the
power supply,

a trigger circuit board is provided for generating
the pulses for triggering the thyratron and wherein the
trigger circuit board is replaced when the voltage for
generating such pulses is below the second particular value
of when the current through the thyratron is below a

particular value,
a check is made to determine if the thyratron. is

pre-firing and, if the thyratron is pre-firing, replacing the
thyratron,

a cable is provided for introducing the voltage to
the thyratron and wherein the cable is replaced when a current
flows through the high voltage power supply but a voltage less:
than a third particular value is produced across the high

voltage power supply,
the firings of the laser are counted after the laser

has been filled with the gas to at least the particular value
and the laser is refilled with the gas to at least a fourth
particular value after a particular count, and

the laser has a resonator and optical elements and
wherein the number of firings of the laser is counted after
the resonator and optical elements have been replaced and
wherein the resonator and the optical elements are replaced

after a fifth particular count.
This is the replacement sheet
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NMegNSpiPliasHe@ Mgt for a novenent of a fluid past the voltage pul se neans
to

ge pul se neans, neans for providing for a recircul ati on of
the[ﬂﬂﬂ“l“gﬂ"m ! and neans for providing for a cooling of the cooling
flu recircul ati on. 26. ar at us asSubstitdter shedtn t2/8/8625,

wherein the recirculating neans for the gases includes a pair of notors and

a fan and a shaft on whi.ch hackanrapdchBexkIREOLH e2bpeFailcRd oand faydher
at awpart i cul ar
t

Lncluding neans Lor g L LA a0, ol i SRRk A Ja PR
and the ampevepf sepeldespradudetl voleagk pemezasupplgndnd a thyratron,

including: .
first means for determining whether the energy from
the laser is below a particular value,

second means for checking the voltages from the low
voltage power supplies in the laser to determine whether the
voltages are below first particqlér values,

third means for checking the voltages for triggering
the thyratron to determine if such voltage is below a second
particular value,

fourth means for checking the high voltage power
supply to determine if the high voltage power supply ‘is
operating properly, and

£fifth means for checking the amount of the gas in
the laser to determine if the amount of the gas in the laser
is below a third particular value, and

sixth means for providing for the operation of the

first through fifth means in seguence.

50. A sYstem as set forth in claim 49 wherein the
fourth means checks the current through the high voltage power
supply and the voltage across the high voltage power supply
to determine if the high voltage power supply is operating
properly, and, )

the fifth means counts the number of firings of the
laser after the last filling of the laser with the gas to
determine if the amount of the gas in the laser is below the
particular value, and further including,

seventh means for checking the firihg
characteristics of the laser to determine if the laser pre-
fires before the voltage from the thyratron reaches a
particular value, the seventh means being operative in
sequence with the first through fifth means, and wherein,

the laser has a resonator and optical elements and
wherein the fifth means counts the number of firings of the
laser after the last replacement of the resonator and the
optical elements to determine if the resonator and the optical
This is the raplacsement sheet
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chem cal reaction of the gases in the housing occurs at a particul ar
concentration of one of the gases, and further including neans for
providing alternately for the introduction of the one gas in the housing to
a concentration greater than the particul ar concentgabsmutéfebt© 12/8/96
consunption of the gases until a concentration |ess than the particular
concentration. 4 3 27. Appar atus conprising: a housing, an anode

di sposed in the housing, a cathode di sr?cfsed in the housing in displaced

elements should again be replaced.
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rel ationship to the anode, neans for providing a voltage on the cathode to
obt.ain an electrical discharge between the anode and the cathode, the
vol.t age ,neans bei ng disposed in a conpartnent in the housing, dielectric
means di sposed in the conpartnent and di sposed rel ative to the voltage
means f.or insulating the voltage nmeans, there bei ”%ﬁ‘b&ﬁt@ﬂ@%ﬁ% {qut,??ge
vol tage neans to produce ozone in the conpartnment because 0 tﬁe.vo age
provi ded by the voltage neans in the conpartnent, and nmeans for purging the
conpartment with an inert gas to elimnate any ozone fromthe conpartnent.
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28. Apparatus as set forth in claim27, further including: nmeans for
circulating the inert gas through the conpartment for exhaustion to the

at nosphere, and nmeans for introducing a fresh supply of inert gas to the
conpartment to replace the inert gas in the conpartnment and wherein: the
vol tage neans includes a plurality of first conductdyHatitBirsheetdi 285796 i N
a spaced relationship, the dielectric neans including a plurality of

bushi ngs nmaintaining the first conductive nenbers in a spaced relationship
and insulating the conductive nmenbers from one another, an additional
conductive nmenber coupled to the first 2/14

FIG. 2
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conductive nmenbers and receiving the voltage applied to the first

conduct jwve nmenbers and applying the voltage to the cathode, the circul ating

means i ncludes a conduit extending through the housing to introduce the

inert gas into the conpartnent. 29. Apparatus as set forth in claim 28,
wherein the circulating neans includes a hose, a hi t ag ead sed

~in the hose, and coupling neans at the end of the hgé]"gs?ht't %ﬂﬁﬂt bgh'fg%

hose to the housing,

3/14
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t he high voltage | ead being coupled into the housing for introduction to .
t he cat hode when the hose is coupled to the housing, and neans for
groundi png the high voltage | ead when the hose is not coupled to the

housi ng. Apparatus conprising: a housing, neans for providing a conduit

t hrough the housing, an anode in the housing, a Caté‘&’&’&ith?ekﬂ@eppqéi/é‘ﬁbé n
spaced relationship to the anode, neans for providing voltage pulses to the
cat hode to produce an el ectrical dischazgﬁibetmeen the anode and the

cat hode, -
FIG 5
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there being gases in the housing for ionization by the electrical

di scharges and for chem cal reaction, a conpartnent disposed in coupled

rel.ationship to the conduit, neans disposed in the conpartnment and included

in the voltage nmeans for introducing the voltage to the cathode, there

being a tendency for the last nentioned neans to pré&ehig | N

corrpgrtment as g result of the voltage pal¥es int Irooducegultaiizjg!t:]ﬁ%f ng?glgges

neans, and neans associated with the conduit f#&r passing an inert gas

t hrough the conduit and into the rnnrpar'rmal{t—fn purge the ozoneF'..theg
upgng

conpart nent. m’fortnltpoﬁgbwg%gvfur her inc
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means for regulating the concentration of at |east one of the gases in the
housing, to obtain an optiml energy fromthe ionization of the gases and
the chém cal reaction of the gases upon each electrical discharge between
t he cat hode 45 and the anode, means for continuously regulating the
tenperature of the gases in the housing at a parti Qiuatitv stfeetdNfl2/8788S
for providing a further regulation of the tenperature of the gases in the
housi ng upon each el ectrical discharge between the anode and t he cat hode.
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Apparatus as set forth in claim , further including a heater disposed on

the housing, means for recirculating the gases in the housing, nmeans for
filtering the gases during the recirculation, neans for cooling the

gases in the housing, the tenperature regulating nmeans including the
heat er-and the cooling neans. 33 Appar at us conpréghdiftute SRS 19/8R6
cat hode in the housing, an anode I n the housing in spaced rel atlons(n pto

t he
7/14
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medans for applying voltage pul ses between the anode and the cathode to
produce.*el ectrical discharges between the anode and the cat hode, there
bei ng gases in the housing for ionization by the electrical discharges and
for chem cal reaction upon such ionization, a hose, a grounded covering for

the housing, an electrically conductive sl eeve nova ' n
b aRPShier T 1296

hose, a high voltage contact at the end of the sl eeve, _
conductive spring disposed on the hose and coupled to the sleeve and the

grounded covering and constrained to nove the spring into engagenent with
the 8/14
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contact, neans di sposed on the housing for engaging the 4 6

Substitute sheet - 12/8/96 sleeve to provide for a novenent of the contact

i nt o the :housing and to prevent the novenent of the sleeve into the housing
with the contact, and neans extending fromthe contact to the voltage neans

to provirde for the introduction of the voltage fron1§§§ fo tact to the
vol tage neans when the contact is i nsertedg/i nto the §'W39 et - 12/8/96
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34. Apparatus as set forth in claim33, further including a conpartnent
conduct or extendi ng through the hose and

i n- the_-housing an el ectri cal
means for applying a voltage to the el ectrical

engagi ng the contact,
conductor, the voltage neans being disposed in the conpartnent and having a
t endency to produce ozone in the conpartnment upon t%g}&gg&%ﬁé@p_ 95/8/9%

vol tage pul ses, and means including the hose for providing for the purging
of the ozone in the conpartnent, the purging nmeans providing for the

i ntroduction of an inert gas into the conpartnent and for the circulation

of the inert gas fromthe conpartnent. 10/14
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35. Apparatus as set forth in claimthe inert gas being nitrogen and the
pufr gi ngg means provides for the purging of the inert gas to the atnosphere
after the novenent of the inert gas through the conpartnent, and further

i ncludi ng: a grounded retainer having a pocket for receiving the end of the

hose with the contact when the contact is not couplghd 104/} and
means for providing for a swvelling of the hose t(%%@%%egﬁo?{]t E?é}gﬁ

di sposition into the pocket in the retainer of the end of the hose with the
contact. 36 Appar atus conprising: a ?P}jlsai ng, an anode.in the housing,
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a cathode in the housing in spaced relationship to

4 7 the anode,

vol t age. neans for applying voltage pulses to the cathode to obtain
el ectrical discharges between the cathode and the anode, there bei ng gases

in the housing for ionization and chem cal

reaction in accordance with the

el ectrical discharges between the anode and the catmltu@§3§%{9q2/8/96

regul ating the concentration of at
obtain an optinmal anount
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of "energy in each ionization and chem cal reaction of the gases, a
conpartrent, the voltage neans being disposed in the conpartnent, there .
bei ng a tendency for the voltage neans to produce ozone in the conpartnment
in accordance with the application of the voltage pul ses by the voltage

means to the cathode, and nmeans for providing for t@ﬁg{ftg{{ghé’ét.“i‘ﬁ gﬁgne
in the conpartnent, [err] the purging neans includes neans for Ci rcu{ I'ng -
~an inert gas through the conpartnment, and the circul ating neans includes a
hose, and further including" 13/14
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means for continually regulating the tenperature of the gases in the
housing to a particular value, and neans for additionally regulating the

t epperature of the gases in the housing upon the introduction of each

vol tage pul se to the cathode and in accordance with the nmagnitude of such
vol tage pul se, nmeans disposed in the hose for intragigsiGed 4 tt_hﬁ)@ggéi ng
the voltage pul ses for introduction to the cathode to obtain the production
of the voltage pul ses between the anode and the cathode, the neans for

i ntroduci ng the voltage pul ses into the housing including a wire disposed
in the hose and al so including a contact g? he end of the hose for
insertion into the housing and further including neans providing an

el ectrical ground covering on the hose and resiliently

F6 19

192a 1426 142¢ . 73
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di sposed on the hose in engagenent W|th the contact before the

Substitute sheet - 12/8/96 48 insertion of the hose into the housi ng and

nmovabl@, fromthe contact upon the insertion of the contact into the housing

and a spring di sposed on the hose and engagi ng the grounded covering at one

end afgl the resiliently disposed rreanrsﬁg% t he ot her sapdtituté shebPRA BBYS6

conprising: a housing, a cathode int 'Bﬁépﬂ'g, _ i N
igure

POWER LASER SYSTEM

A housing in a laser system encloses a cathode and a displaced anode and gases
ionizable and reactive chemically when a voltage pulse produces a cathode-anode
electrical discharge. Moving air cools the components (capacitors, thyratron and
triggering circuitry) for producing the voltage pulses. The laser gas temperature is
continuously regulated at a particular value whether or not there is an electrical
discharge. The concentration of one of the gases in the chﬁber is regulated to
values alternately on opposite sides of an optimal value to provide an optimal enery
in each chemical reaction of the gases.  The gases are recirculated as by a fan driven
‘on a shaft by a pair of motors and are filtered during such recirculation. The shaft
speed is regulated at a particular value and the motor curents are regulated to be
equal. Any ozone formed in a compartment holding the high voltage terminals is
purges by passing a neutral gas (nitrogen) through the compartment to the
atmosphere. The neutral gas is passed into the housing through a hose which also
holds a high voltage wire in insulated relationship to other electrical components. A
collar arrangement at one wire end provides for the introduction of voltage from the
collar to the anode of the thyratron with the hose coupled to the housing and
grounds the collar with the wire decoupled from the housing. The different high
voltage components are sequentially tested for their operability by a system and

method unique to this invention.
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ah anode in the housing in spaced relationship t thREBBAGBHE%HﬂSEE§T§C" bG

appl yi ng vol tage pul ses between the anode and thg DaDéserdprid:p: g@ﬂuﬁﬁm

el ecirical discharge between the anode and the catBoOgimE) ergp ﬂmgfg

in the housing for ionization and chen1c + react QUEW@WhgﬁWﬂlﬁé §CLrd

di scharge, a conpartnent, neans dis :%4§ (mnnggﬂgmt f rav]
..t

vol t age pul ses between the anode a €t de to obtain t éﬁﬁ?ﬂ%ﬁ
di scharge, means for continuously regulatlng t hel t

1 q§ gas
in the housing at a pa{tlcwﬁaﬁéﬁhgeco;ﬁga%lﬁgn C%L%Ei ?-ZF-'%E'-Q-%%
tenperature ] -
~a housing having a homegeneous construction,
a laser having an anode and a cathode disposed in
spaced relationship in the housing,

heater means supportad by the housing for heating

the area within the housing,
means for nroducing an electrical discharge between

the anode and the ca;hode,

there being gases within the housing for ionization
and chemical reaction upon each electrical discharge between
the anode and the cathode, '

a heat exchanger disposed within the housing for
cooling the gas in the housing,

‘means for regulating the temperature within the
housing to a particular value on a continuous basis, and

means for providing an additional regulation of the
temperature within the housing'upon each electrical discharge
between the anode and the céthode.

2. Apparatus as set forth in claim 1,

wherein the temperature regulating means includes
means disposed within the housing for providing for g flow
of water through the housing to cool the gases in the housing,
wherin the heater means for heating the housing and means for
cooling the ‘housing to regulate the temperature of the gases
in the housing to the particular value and wherein the housing
is made from a metal having properties of conducting heat and
having non-corrosive properties, the housing having a
homogeneous construction,

the temperature regulating means including a
ﬁemperature_probe'supported on the housing and'extending into

the housing.

3. Apparatus comprising:
a housing made from a material having non-corrosive
properties and having properties of conducting heat into the

housing,

This is the replacement sheet
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of the gases in the housing in accordance with the occurrence and the

magni tude of each voltage pul se, and neans for purging any ozone
pr.oduce in the conpartnent by the voltage applied to the voltage neans.
38738 Apparatus as set forth in claing 7, wherein the housing being nade-

froma material having heat conductive opertles neans I sposed qn, the
housing external l'y ofét he®™MdP&i n§"For 2he&FTY %; nggnss %Fe
recircul atigfgn 4 4 gaEes tion daduh ot mysigrEanshe h@msml’gl ltering the

foecing "9 the (SYCURALHAN. A LBAPA 08 AR NEnLNeakifses dd t e
cathode for periodically producing an electrical discharge
between the anode and the cathodé,

| there being gases in the housing for ionization and

chemical reaction,
heater means supported by the hou51ng for heating

the housing,
second means disposed within the housing for passing

a fluid through the housing to cool the housing,

a probe supported by the housing and extending into
the housing for determining the temperature within the
housing, ' , _
| third means responsive to the temperature of the
probe for continuously regulating the temperature of the gases

within the housing to a particular value, and
fourth means responsive to each electrical discharge

between the anode and the.cathode for providing for a cooling
of the temperature of the gases within the housing to
compensate for. the heat produced as a result of 'such

electrical discharge.

4. Apparatus as set forth in claim 3, wherein

the fourth means is operative to provide for the
passage of the fluid through the second means upon each
electrical discharge between the anode and the cathode and in
accordance with the magnitude of the electrical discharge

between the anode and the cathode, wherein
the housing is made from a metal and the second means

passes water through the housing to cool the housing and

wherein
the heater means are supported on the housing

externally of the housing.

5. A method of regulating the temperature of a laser

including the following steps:
providing a housing with a homogeneous composition,

disposing 'an anode and a cathode of the laser within
is the replacement sheet

This i
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.

a probe extending into-the housing for determning the tenperature of the
gases in the housing, 49 Substitute sheet - 12/8/96 the
tenperatyre regulating neans includes the probe, the heating means and the
cool i ng neans, the purging neans includes neans for passing an inert gas

t hr ough thet@%“ﬁ%ﬁ%ikﬁto the conpartment 38nd through the conpartnent to
obtain a removal of “arly ozone fromthe conpartment, and the gas-passing
means includes a hosedfisposébgi giangst vd thier thgabousing fAE paviZg&ioen t he

inert gas tRLAUIReh{Ea1 reaction when an electrical discharge is produced

between the anode and the cathode,
providing for electrical discharges between the

anode and the cathode on a periodic basis,
continuously regulating the temperature of the gases

within the housing at a particular value, and
additionally regulating the temperature of the gases
within the housing upon each electrical discharge between the

anode and the cathode.

6. A method as set forth in claim 5, including,
additionally regulating the temperature within the
housing in accordance with the magnitude of "the electrical

discharge between the anode and the cathode, by the steps of:
_ disposing a heater on the housing externally of the

housing,

providing for a flow of water through the housing
to cool the gases within the housing, and

supporting a probe on the housing and extending the
probe into the housing to mneasure at each instant the
temperature of the gases within the housing.

7. In combination in a laser,

a housing having non-corrosive properties,

an anode and a cathode disposed within the housing,

means for providing electrical. discharges
periodically between the anode and the cathode,
' there being gases within the housing for ionization
and chemical reaction upon each electrical discharge between

the anode and the cathode, and
means for recirculating the gases to clean the gases

and for reintroducing the gases to the housing after each
circulation, _'

the recirculating means including a pair of motors
héving substantially identical characteristics and further
including a fan commonly driven by the pair of motors, each
of the motors providing a current to rotate the fan,

Thig is the replacement sheet
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conpartnment for introducing the inert gas into the housing for exhaustion
to the atmosphere, and further including means disposed in the hose for
|n&rodqung the voltage into the housing for introduction to the cathode.
39" Apparatus as set forth in claim38. the high voltage introduci ng means

including a contact for insertio i nto $he housi to pr.ouide: the age
pul ses between the arfdfe %ﬁﬂlYﬁ%ﬂ%%im%d@?aasgr%ﬂ%%garsﬁfgﬁﬂggvggogégh%ngthe
hose, a sl gag,drevakl Yodtseasarh tpidlespesd of wedtan eald tbet FHOFERtSi th

t he ded shi el d, d _ | |
Sl'cove on (b SRASEOEGE pFByP ABHDSF8: ChRet BORT L7 BN P &r i RE. S Eoyar Bo

engagenent anpblrttibeleontalie wnshtoheegoiate sthgcurrents in the motors.

8. In a combination as set forth in claim 7,
the regulating means being operative to maintaiﬁ the
currents in the motors at substantially equal values while
regulating the rotational speed of the fan at the particular
value;
- the pair of motors and the fan having a common
shaft;
| means associated with each of the motors for
preventing the electrical discharge between the anode and the
cathode from affecting the operation of such motor;

_ means associated with each of the motors for
minimizing shocks and vibrations in the shaft common to the
motors; and '

means for regulating the temperatures of the

gases within the housing at a particular value.

9. Apparatus comprising:
a housing made from a material having non-corrosive
properties,
an anode and a cathode disposed in the housing in
spaced relationship,
_ means for producing an electrical discharge
periodically between the anode and the cathode,
there being gases in the housing for ionization and
chemical reaction upon the occurrence of the electrical
‘discharges between the anode and the cathode, |
' means for regulating the temperature of the gases
within the housing continuously at a particular value,
means for additionally regulating the temperature
of the gases within the housing in accordance with the
occurrence and the magnitude of the electrical discharge
between the anode and the cathode, |
"means including a pair of motors and at least one
fan on a common shaft fbr-recirculating the gases in the

(L

This is-the replacement sheet

2 9 MAY 1338



uncoupl ed rel ationship to the housing and for providing for the

di spl acenent of the sleeve fromthe housing when the hose is coupled to the
housi ng, .and further including a grounded retainer having a pocket for
receiving the end of the hose with the cggtact when the contact is not
coupled into the housing nd _rreans. for ovi di ng f.or .yel ling .of the
hose to pro&F@élpgr ?h& HPEBSEiFF%Hl?hP% ?rﬁ?ﬁ%ﬁ%% ﬁgf %52&% %ofhfhgaghd of
the hose with the contaens #6r £l veting Wie gheekiiny thenhguisdsgr deysingm a
thyratron hayingoditLahgel oRObE! eRS. g@sLBYragdon power supply, a power
supply for a ftilaméent in RE t yratrgnh a‘trigger board and a cable into

t he housing to deterniaansf foResegudapénanthearreeperef i et Boppsguaada

vol tage pul $gebeiMEERxs through the motors to provide substantially equal
contributions from the motors in driving the fan at a

particular speed.

10. Apparatus as set forth in claim 9, wherein

the temperature regulating means including a probé
in the housing and a heater supported on the housing exterior
to the housing and means for recirculating a fluid through the
housing to cool the housing. '

the housing is made from a metal,

the speed -regulating means including a
microprocessor for ‘receiving indications representing the
speeds of the motors and the currents through the motors and
for operating upon the indications of the speeds and the
currents for regulating the speeds of the motors at the
particular value and the currents through the motors at
substantially identical values, and

the temperature regulating means includes means for
producing an increased circulation of the fluid through the
housing upon the occurrence of each electrical discharge
between the anode and the cathode and in accordance with the
magnitude of each such electrical discharge.

11, Apparatus comprising:

a housing,

an anode and a Cathode-disposed in the housing in
spaced relationship to each other,

' means for providing electrical discharges

periodically between the anode and the cathode,

there being gases in the housing for ionization by
the electrical discharges between the anode and the cathode
and for chemical reaction after such ionization, and

means for regulating the concentration of at least
one of the gases in the housing to obtain an optimum |
efficiency in the ionization of the gases and the chemical

Thig is the replacement sheet
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a cathode and an anode in the laser, including the steps of: 50
periodically checking the thyratron voltage to determne if the thyratron
presfires before a particular voltage has been applied to the thyratron and
replacing the thyratron if this particular voltage is not produced, if the
thyratron does not pre-fires in each perig?ic check before the particular
vol tage i s reached, checking the voltage om the power supply and

replacing the power supply if Qe Lgagﬁegﬁgnggbeﬂgyﬁyéfﬁﬂﬁg ths nhot
sati sfactory, F§F%R8 ggr?é@@ F onﬁ%%e gower supply 1S satisfactory
temperature within the housing at a particular value, and
means for recirculating the gases in the housing and
for filtering the gases during such circulation and wherein
the regulating means including means for measuring
the 2nergy obtained from the chemical reaction of the gasss
upon each electrical discharge between the anode and the
cathcde, '
the regulating means further including means for

o

ntr
he at least one of the gases produces an optimum energy in
each chemical reaction and for introducing the at least one
of the gases in increments for a short time thereafter until

the energy in the chemical reactions starts to decline from

cducing the at least one of the gases in increments until

ct

the optimum value, and
the gases have properties of producing an optimal

energy from the chemical reaction of the gases upon each
electrical discharge when the at least one of the gases has
a particular concentration in the housing, and

the regulating means being operative to introduce
the at least one gas into the housing until the at least one
gas has a concentration slightly greater than the particular
concentration in the housing and being operative to prevent
any further introduction of the at least one gas into the
housing until the at least one gas in the housing has a
concentration slightly less than the particular concentration,

the gases in the housing are krypton and fluorine
to obtain a chemical reaction for the production of krypton

fluoride, and _
the regqulating means ‘is operative to regulate

rt
e 2
1)

ct
22
[\]

concentration of fluorine in the housing at substantially

particular concentration.

12. Apparatus comprising:
a housing having non-corrosive properties,

This is the replacement sheet
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I'n each periodic check, checking the voltage on the filanment of the
thyratron and replacing the filanent power supply if the filament voltage

i s pot sqtlsfactory, if the filanment power supply is satisfactory in each
peri odi c check, checking the currents thrgugh the different portions of the

thyratron and repIaC| t he mer sup e currents thr h 1he .
di fferent portions of "3}1 p?)lg g’?%‘;?‘uo 1%%?51%“1?&&1 R q&?q]ias’i'?gt’rfé
currents thrquﬁedanJﬂdﬁaammﬁp portlons of the power supply are

satisfactory in each p%r gdl c gheck, %‘?%ﬁf%iﬂ%e Pflgg}%gpgarlon ;&{g&(gr;ggd

replacing the cable if RS current t ron’is
satlsfactoryDeHKPd‘C%41HebH6HeGP GW@C@MM@% @ng FQSeFatBO@ﬁyratron havi ng

different portions, acpperpsypg ¥akes {RechdWorlsiRg, for ionization and
chemical reaction upon each electrical discharge between the
anode and the cathode,
the gases having properties of providing an optimal
energy upon each chemical reactipﬁ when the concentration of

at least one of the gases in the housing is at a particular

value,
eans for regulating the concentration of the at

least one gas in the housing at the particular value in
accordance with the amount of energy in each chenical

3]

reaction,
rneans for regulating the temperature of the gases

within the housing continuously at a particular value, and
means for providing an additional regulation of the

temperature of the gases within the housing upon each

occurrence of an electrical discharge between the anode and

the cathode.

13. In a combination as set forth in claim 12,
wherein '

_ the concentration regulating means including means
for introducing the at least one gas into the housing until
the amount of energy in each chemical reaction starts to
decrease and for interrupting the introduction of the at least
one gas into the housing until the amount of energy in each
chemical reaction starts to decrease,

the housing 'is closed and being made from a single
material having heat conductive properties, . |

the temperature regulating means includes a probe
supported by the housing and extending into the housing for
‘measuring the temperature within the housing and further
including means supported by the housing externally of the
housing for heating the gases in the housing and further
including means disposéd within the housing for passing a
fluid through the housing to cool the gases in the housing,
Thig is the replacement sheet
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a power supply for a filament in the thyratron, a trigger board for
triggering the thyratron and a cable fromthe thyratron power supply to
depprn1ne if these conponents are operative to produce voltage pul ses
bet'ween 2 cathode and an anode in the laser system including the steps of:
periodical ly determ ning whether the vol Bage pul ses between the anode and
t he cat hode aade fprédesi AgcaMdiddst a ni ni mum anmount of energy, and if the
vol tage pul ses are not progdaingg 8br! easditdieladingnrhenogases emer ghe
sequentially and periodically checking the thyratron voltage, the power
suppl y vol t Agasipg.t B8t hyratron, the thyratron filament vol tage, the
trigger board voltagemehie cufdent $ilhepigh t hedi fdasent gotinghs spchbhe

thyratron, &Q%igggagggogton1the hi gh vol t age power supply

14. Apparatus comprising:

a housing having non-corrosive properties,

an anode and a cathode disposed within the housing
in spaced relationship to each other,

means  for producing electrical discharges
periodically between the anode and the cathode,

there being gases within the housing for ionization
and chemical reaction upon each electrical discharge between
the cathode and the anode,

means for regulating the concentration of at least
one of the gases in the housing at a particular value in
accordance with the energy produced in each chemical reaction,

wherein :
the gases having properties of producing an optimal

energy upon each chemical reaction when the one gas in the
housing has the particular concentration, '
the regulating means being operative to introduce
the at least one gas in increments into the housing until the
concentration of the at least one gas in the housing has
produced the optimal energy in the chemical reaction and has
‘thereafter produced a decrease in the -optimal energy in the
chemical reaction and to interrupt the introduction of the at
least one gas into the housing until the concentration of the
at least one gas in the housing has produced the optimal
energy in the chemical reaction and has thereafter produced
a decrease in the optimal energy in the chemical reactions,
. the regulating ~ means includes a pair of motors
each operative to produce a current and to produce a driving
force in accordance with such current and further including
at least one fan commonly driven rotétionally by the motors
and further inclﬁding means for regulating the operation of

This i the replacement sheet
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and the thyratron current.to determ ne which, if any, of the 51
Substitute sheet - 12/8/96 thyratron, the thyratron voltage supply,
the thyratron filament voltage supply, the trigger board and the cable
h?ve tofbe erIaced h42 A met hod as set3gorth in clain141 including t he
steps of replacing the appropriate one of 3Phe th omer su th
thyratron, tHe tWFRS &r?pf%m%d'éhtthﬁo weranign ¢t % %iat hg
cable from té‘rﬁeé&lyéaar Otb pame;&up@ystmnmbrxdaaqeaw tdurmﬁmtt%stlsl the

rf
per f or med. motors, -and further including:

means for continuously regulating the temperature

of the gases within the housing at a particular value, and
' means for further regulating the temperature within
the housing upon each occurrence of an electrical discharge
between the anode and the cathode and in accordance with the

energy in such electrical discharge.

_ 15. Apparatus as set forth in claim 14 , further

including

a heater supported by the housing externally of the
housing, ' _
means disposed within the housing for passing a
fluid through the housing to cool the gases in the housing,

a probe supported by the housing and extending into
the housing,

the housing being homogeneous and being made from
a material having heat conductive properties,

means including the heater, the fluid means and the
probe for continuously regulating the temperature of the gases
in the housing at a partlcular value, and

means including the fluid means for regulatlng the
temperature of the gases in the housing upon each occurrence
of an electrical discharge between the anode and the cathode
and in accordance with the energy in such electrical

discharge.

16. Apparatus comprising:

a housing, _

an anode and a . cathode disposed in the housing

in a spaced relationship, '

means for applying voltages pulses between the anode
and the cathode to produce an electrical discharge between the
anode and the cathode,

there being gases disposed in the hous;ng relative
to the anode and the cathode to become ionized and chemically
reactive as a resglt of the electrical discharge between the

This is the replacemant sheet
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43. A nmethod as set forth i-n claim42, wherein the testing of the
thyratron voltage, the power supply voltage for the thyratron, the
thyratr.on filament voltage and the trigger board voltage respectively

. provides for the replacenent of the thyratron, the thyratron power supply,

the thyratron fi Inagﬁgtcpgmggtﬁgggl y and the tri gger board in accordance

with the resdrts of such tésting, ‘and the testing of the currents through

“the different portionsT™®dnsh&orhyPEeyYbhing he Edprert & ofd¥he P8sE] thed

the thyratrQpycayL’ gise IRENRST L¥CEYo ) PEQYI VAR A E%ulgéemésrﬁéacerreng of
raance

the trigger board; the thyratron power supply an he cabl e in. acc
with the results of suthi®st?hg” ﬁﬁ‘fc‘#\f?feﬂ%d“offi‘ﬁ‘b%k‘?%gm:t%ve"%ep %t i%on of
a | aser systesoilbagudf ncha flasktd adftér gasviing the [hsisi , pdwowthd tageage
pulse means, and
means for cooling the £luid during the fluid

recirculation.

17. Apparatus as sec. forth in claim 16 further

including

the voltage pulse means including at least one
capacitor and including means for triggering the discharge of
the at least one capacitor and further including means
responsive to the charge in the at least one capacitor for
providing for the operation of the triggering means,

means for providing a flow of a portion of the
cooling fluid past the triggering means, and

means for providing for a flow of another portion
of the cooling fluid past the means for providing ifor the

operation of the triggering means,
the cooling means for the voltage pulse means

including means for providing for the flow of the cooling fluid
past the capacitor, the triggering means and the means for
providing for the operation of the triggering means,

the triggering means including a thyratron, and
further including

a chimney made from a dielectric material and
enveloping the thyratron,

means for providing for a flow of a portion of the
cooling fluid between the thyratron and the dielectric

chinmney, _ :
a circuit board being included in the means for

providing for the operation of the triggering means, and
neans for providing for a flow of another portion

of the cooling fluid past the circuit board.

18. Apparatus comprising:
a housing,

N A D ¢
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power supplies, a high voltage power supply and a thyratron, including the
steps of: (1) determ ning whether the energy fromthe |laser is below a
particular value, (2) if the energy fromthe |aser is below the particul ar
val ue, checki ng whether the voltages fromthe | ow voltage power supplies in
the laser are below first particular valugs and repl aci ng indi vi dual ones
of such power SUpp"esahfanB@eVghaageéaél:??&@t@. AL S ESs Al fel ow

the first particular values, (3) checking whether the voltage for
generating p&P8EEds BRI TR FRE? PT &t on control ling the operation of
the laser is below a secomsl [fairt | prbduciva) ueodtshe | busyed periodically

between the anode and the cathode to provide an electrical
discharge between the anocde and the cathode,

there being gases in the housing for ionization and
chemical reaction as a result of the electrical discharges,

means for providing for a recirculation of the gases
through the housing,

means for providing a filtering of the gases during
the recirculation of the gases,

- means for providing for the flow of a cooling fluid

past the pulse-producing means,

the pulse-producing means including at least one
capacitor, means for triggering the discharge of the capacitor
and means for providing for an operation of the triggering

means,
means for providing a recirculation of the cooling

£luid, and
means for cooling the cooling fluid during the
recirculation of the cooling fluid.

19. Apparatus as set forth in claim 18, further
including:

means for producing the flow of the cooling fluid past
the at least one capacitor, }

_ means associated with the triggering means for
insulating the triggering means and for co-operating with the
triggering means in providing for a flow of the portion of the
cooling fluid past the triggering means after the flow of the

| cooling fluid past the at least one capacitor,

means for diverting another portion of the codling
fluid from the flow past the triggering means and for providing
for the flow of such other portion of the cooling fluid past the
means for providing for the operation of the triggering means,

means for prpviding'for a flow of a first portion of
the cooling fluid past the triggering means, and

means for providing for the flow of another portion'of
the cooling fluid past the means for providing for the operation

" This is the fep'laoemen-t shaet
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52 Substitute sheet - 12/8/ 96 voltage is below the second particul ar

val ue, replacing the voltage supply for providing such triggering pul ses,
(4) .checking if the high voltage supply for the laser is operating properly
and, if it is not, replacing such high voltage power supply, and (5)
deterniningo!hehEeEngQaflhgUmaﬁngnbunt3 gas exists in the laser and, if

i it does not, introducing such gas into %he | aser unti% sucn gas reaches at
‘least the particul ar SRBERIY %S M9ENFhoW BECXHIIALrRT i hOBI RPFRAF1ON

. wherein theotokhageriaggessng hmednghisodisgesadwer s upiphguiandbbhedguanant

means for providing the flow of the other portion

being operative to guide the other portion of the fluid past

the circuit board.

20. Apparatus comprising:

‘a housing,

an anode and a cathode .disposed in spaced
relationship in the housing,

_ means for introducing.a voltage pulse periodically
between the cathode and the anode to provide for an electrical
discharge between the anode and the cathode,

there being gases .in the housing for ionization and
‘chemical reaction as a result of the electrical discharge
“between the anode and the cathode, _ _

means for regulating the concentration of at least:
one of the gases in the housing to obtain an optimal energy
in the ionization and chemical reaction of the gases,

means for recirculating the gases,

means for .- filtering the <gases -during the

recirculation of the gases,
means for moving a ‘fluid past the voltage pulse

means to cool the voltage pulse means,
means for recirculating the cooling fluid after the
nmovement of the cooling fluid past the voltage pulse means,

and _
means for cooling the fluid during the recirculation

 of the fluid.

21.Appa:atus as set forth in claim 20, wherein
the gases producing an optimal amount of energy-in
each ionization and chemical reaction when the at least one

gas has a particular concentration,
the means for regulating the concentration of the
gaées includes means for providing for the introduction of the
at least one gas into the housing until the concentration of
the at least one gas in the housihg is greater than the
This is the replaoémént sheet
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through the high voltage power supply are monitored to determine if the
power supply is operating properly and, if the power supply is not
operatjng properly, replacing the power supply, a trigger circuit board is
prOV|ded for generating t he pul ses for trlggerlng the thyratron and wherein

the {17 9ger ehieutiapesndels LeBiasedqnitl e yalt aBuher ceenaraid g puch

pul ses is b&PBGETRE2S8R0N Pcul-ar Jval 'de e current
thyratron i sabsl awnaZpanphc@Irm# chanicaly eereidians ahdehe odaeeer @inge §9r t he

thyratron i %h@%@a%hékngn@é‘{drub{:J.EeetlthYIﬁt‘iz‘&&hdﬁ&{ & ithieNGe NARIACIdHE the
_thyratron a cab I's provided for [ntroducing the voltage %
gas lnto the housing untll the concentration of t at least
one gas in the hou51ng is less than the concentration for
producing the optimal amount of energy in each ionization and
chemical reaction of the gases, |
the voltage pulse means including at 1least one
~capacitor, further including
means for triggering the discharge of the at least
one capacitor and means for providing for the operation of the
triggering means, and wherein
_ -the fluid moving means providing for a movement of
the fluid past the capacitor to cool the capacitor, a movement
of a portion of the fluid past the triggering means to cool
‘the triggering means and a movement of another portion of the
- fluid past the means for providing for the operation of the
triggering means to cool such means and further including
means for measuring the amount of the energy in each

ionization and chemical reaction.

22. Apparatus as set forth in claim 21, wherein
the triggering means including a thyratron having
a filament and a dielectric chimney enveloping the thyratron,
the cooling means for the triggering means provide for
the movement of the portion of the £luid between the thyratron
and the chimney,
the cooling means for the triggering means provides
for the movement of the another portion of the fluid outside
of the chimney and past the chimney and further including
' means for passing an electrical current through the
thyratron filament, wherein
_ the cooling means for the triggering means provides
‘a movement of another portion of the fluid past the current

means for the thyratron filament to cool such current means.

23. Apparatus comprising:
a housing having heat conducting properties,
an anode’ and a cathode disposed in a spaced

This s the replacement sheet
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the thyratron and wherein the cable is replaced when a current flows

t hrough the high voltage power supply but a voltage less- than a third
particul ar value is produced across the high voltage power supply, the
firings of the |aser are counted after thgil aser has been filled with the

:gas to at | eaghathenBBibi ¢Hl @hevabueiaggd the laser is refilled with the gas
to at least a fourth partlcul r valug after 4&#& cul ar ougﬁ% and t t
laser has a resonator SR Dpt CaIPE? Hehte ﬁn A98 PP hee Qae%ﬁ
“firings of thaoHasend stnmumeﬂmai‘d etot lperoavddenador edrdropciadal dehehamga
. have been regggggg ﬁ gén Egetggsggehgae?nd the optical elenments are
; repl aced aft |cu count
- thnre belng gases in the housing for ionization and
chemical reaction upon the occurrence of the electrical
discharge between the anode and the cathode,
neans for providing a recirculation of the gases,
means for filtering the gases during the
recirculation of the gases,
~a heater supported cn the housing externally of the
housing,
' means disposed in the housing for cooling the gases

in the housing,
' neans for regulating the temperature of the housing

continuously at a particular value by selective operatlons of
the heater and the. coollng means,

means for further regulating the témperature of the
gases within the housing in accordance with the electrical '

discharges in the housing, and _
means for moving a cooling fluid past the voltage

pulse means to cool the voltage pulse means.

24.' Apparatus as set forth in claim 723,
the voltage pulse means -including..at least . one
capacitor, means for providing a triggering of the at least
‘one capacitor and means for providing for an operation of the
triggering means, _
the cooling means for the Voltage pulse neans
. including means for moving the cooling fluid past the at least
one capacitor, means for providing for a movement of a portion
of the fluid past the triggering means, and means for
providing a movement of another portion of the fluid past the
means for providing for an operation of the triggering means,
the capacitor discharge means includes a thyratron
and a filament in the thyratron,
the voltage pulse means includes a power sqpply for
heating the thyratron filament,
the power supply for the thyratron filament is
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53 - Substitute sheet -1 2/8/9 6 A system for checking the operation
of a laser systemincluding a laser with gas in the |aser, |ow voltage
power supplies, a high voltage power supply and a thyratron; including:
first neans for determ ning whether the eggrgy fromthe laser is below a
particul ar value, second neans for checki he vol tages from.the |.o

vol t age powe 1%%%?46&‘ Fﬁet?l%ui‘a%{af"otv&m&&tef’hi hae IS PRE SIS ggeé\{’%r e
bel ow first prutdcubad \@ainmer t hinclludéags feemschéeki npctirswidtiagesther
triggering tggoim‘; artlruqra't qdetermne if such voltage is bel ow a second.

means for cooling the cooling fluid during the

recirculation.

25, Apparatus compriéing:

a housing, '

an anode and a cathode disposed in the housing in
a spaced relationship, ' ' |

_ means for producihg a voltage pulse betwsen the

anode and the'cathode to provide an electrical discharge
between the anode and the cathode,

there being gases in the housing for ionization and
chemical reaction upon each occurrence of the electrical

discharge,
means for providirg for a recirculation of the gases

in the housing,

neans for providing for a movement of a fluid past
the vbltage pulse means to cool the voltage pulse nmeans,

means for pfoviding for a recirculation of the
cooling fluid, and '

means for providing for a cooling of the cooling

£luid during such recirculation. .

26. Apparatus as set forth in claim 25, wherein

the recirculating means for the gases includes a
pair of motors and a fan and a shaft on which the fan and the
motors are nounted, and further including means for providing
for a rotation of the shaft at a particular speed and for
providing for substantially equal excitations in the motor,
and ' _
the amount of energy produced in each ionization and
chemical reaction of the gases in the housing occurs at a
particular concentration of one of the gases, and further
including means for providing alternately for the introduction
of the one gas in the housing to a concentration greater than
the particular concentration and the consumption of the gases
until a concentration less’ than the particular concentration.

. * € L M § =
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particul ar value, fourth neans for checking the high voltage power supply
to determine if the high voltage power supply i's operating properly, and
fifth,reans for checking the anount of the gas in the laser to determne if
t he amount. of the gas in the laser is belaw a third particular value, and
si xth neans for providing for the operation of the first through fifth
means in sequence. A system Bspacétéore¢dmpmiscingi: m46 wherein the fourth
means -checks the currenf ,I;‘F;_r‘gylgg'the ‘hi gh vol tage power supply and the

vol tage across the high voltage”power supply to determne if the high

vol t age power supply isa'bp%'?%‘g?nﬁ’-ﬁ?%ﬁb%qu‘, tAgghousing,

a cathode disposed in the housing in  displaced

relationship to the anode,
' means for providing a voltage on the cathode to

obtain an electrical discharge between the anode and the

cathode, _
' the voltage means being disposed in a compartment

in the housing,

dielectric means disposed in the compartment and
disposed relative to the voltage means for insulating the
voltage means, .

there being a tendency for the voltage means to
produce ozone in the compartment because of the voltage
provided by the voltage means in the compartment, and
' ‘means for purging the compartment with an inert gas
to eliminate any ozone from the compartment. |

2g. Apparatus as set forth in claim 27, further

including: L
neans for Circulating_the inert gas through the
compartment for exhaustion to the atmosphere; and

means for introducing a fresh supply of inert gas
to the compartment to replace the inert gas in the compartment

and wherein:
the voltage means includes a plurality of first

conductive members disposed in a spaced relationship,

the dielectric means including a plurality of
bushings maintaining the first conductive members in a spaced
relationship and insulating the conductive members from one

another,
" an additional conductive member coupled to the first

conductive members and receiving the voltage applied to the
first conductive members and applying the voltage to the

cathode, _
the circulating means includes a conduit extending

through the housing to introduce the inert gas into the
compartment.
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the fifth neans counts the nunber of firings of the |aser after the |ast

filling of the laser with the gas to determne if the amount of the .gas in
the | aser is below the particular value, and further including, seventh
means  for checki ng t he firing chaaacteristics of the laser to

determine if the | aser Ju.e- Abipaersthef asesthe fupthaie ¢laimt A8, twiyeae imn

reaches a particul ar value,.. t n ' o) Lve in sequence
with the first through” ?ffﬁgggéﬁggﬁgngeaﬁg(2P§?h€%%i?é@%%éhas a resonator
and optical el enments aAdhwbbr #icdtege fepdhdisnpsed omthe RoFRINDARA of

firings of the laser aftgp1tihg heshs' B! BRENEBAA & e HAWNIOAM e

optical elenents to determne’if ,the resonator and the opti cal
the hose to the housing,

_ the high voltage lead being coupled into the housing
for introduction to the cathode when the hose is coupled to
the housing, and

means for grounding the high voltage lead when the

hose is not coupled to the housing.

30. Apparatus comprising:

a housing,

means for providing a conduit through the housing,

an anode in the housing,

a cathode in the housing in spaced relationship to
the anode,

means for providing voltage pulses to the cathode
to produce an electrical discharge between the anode and the

cathode,
there being gases in the housing for ionization by

‘the electrical discharges and for chemical reaction,
a compartment disposed in coupled relationship to

the conduit,
means disposed in the compartment and included in
the voltage means for int:odﬁcing the voltage to the cathode,
' there being a tendency for the last mentioned means
to produce ozone in the compartment as a result of the voltage
pulses introduced to the voltage means, and
means associated with the conduit for passing an
inert gas through the conduit 55& into the compartment to

purge the ozone in the compartment.

31. Apparatus as set forth in claim 30, further

including

_ ‘means for regulating the concentration of at least
one of the gases in the housing to obtain an optimal energy
from the ionization of the gases and the chemical reaction of
the gases upon each electrical discharge between the cathode

' This is the replacement sheet
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Substitute sheet - 12/8/96 54 el enents shoul d again be repl aced.

_ 45
and the anode,

means for continuously regulating the temperature.
of the gases in the housing at a particular value, and

means for providing a further regulation of the
temperature of the gases in the housing upon each electrical

discharge between the anode and the cathode.

32. Apparatus as set forth in claim 31, further
including _ _
a heater disposed on the housing,

 means for recirculating the gases in the housing,
means for filtering the Ggases during the
recirculation, _

means for cooling the gases in the housing,

the temperature regulating means - including the

heater and the cooling means.

33. Apparatus comprising:
a housing,
a cathode in the housing,
_ an anode in the housing in spaced relationship to
the cathode,
: means for applying voltage pulses between the anode
and the cathode to produce electrical discharges between the

anode and the cathode,

there being gases in the hoﬁsing for ionization by
the electrical discharges and for chemical reaction upon such
ionization, | | '

a hose,

a grounded covering for the housing,

an electrically conductive sleeve movably disposed
on the hose,

a high voltage contact at the end of the sleeve,

an electrically conductive spring disposed on the
hose and coupled-to the sleeve and the grounded covering and
constrained to move the spring into engagement with the

contact, _
' means disposed on the housing for engaging the

This is the replacement sheet
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46 : .
sleeve to provide for a movement of the contact into the

housing and to prevent the movement of the sleeve into the
housing with the contact, and

means extending from the contact to the voltage
means to provide for the introduction of the voltage from the
contact to the voltage means when the contact is inserted into

the housing.

34, Apparatus as set:fbrth in claim 33, further

including |
a compartment in the housing

an electrical conductor extending through the hose
and engaging the contact, '

means for applying a voltage to the electrical
conductor, the voltage means being disposed in the compartment
and having a tendehcy to produce ozone in the compartment upon
the production of the voltage pulses, and

means including the hose for providing for the
purging of the ozone in the compartment, the purging means
providing for the introduction of an inert gas into the
compartment and for the circulation of the inert gas from the

compartment.

35. Apparatus as set forth in claim 3%,
the inert gas being hitrogen and the purging means
provides for the purging of the inert gas to the atmosphere
‘after the movement of the inert gas through the combartment,

-and further including: _
a grounded retainer having a pocket for

receiving the end of the hose with the contact when the
contact is not coupled into the housing, and

means for providing for a swivelling of the hose to
provide for the disposition into the pocket in the retainer
of the end of the hose with the contact.

36. Apparatus comprising:

a housing,

an anode in the housing,

a cathode in thé housing in spaced relationship to

This ia the raplacement sheet

A O TARE O 7 9 Hav 1998

RETE N



' 47
the anode,
voltage means for applying voltage pulses to ths

cathode to obtain electrical discharges between the cathode
and the anode,
| there being gases in the housing for ionization and

chemical reaction in accordance with the electrical discharges
between the anode and the cathode,

means for regulating the concentration of at least
one of the gasas in the housing to obtain an optimal amount
of energy in each ionization and chemical reaction of the
gases, |

a compartment,

the voltage means being disposed in the compartment,

there being a tendency for the voltage means to
produce ozone in the compartment in accordance with the
application of the voltage pulses by the voltage means to the
cathode, and .
means for providing for the purging of the ozone in
the compartment, wherdin
the purging means includes means for circulating an
‘inert gas through the compartment, and the circulating means
includes a hose, and further including '
- means for continually regulating the temperature of
the gases in the housing to a particular value, and.
. means for additionally regulating the temperature
- of the gases in the housing upon the introduction of each
voltage pulse to the cathode and in accordance with the
‘magnitude of such voltage pulse, .. |
means disposed in the hose for introducing into the
housing the voltage pulses for introduction to the cathode to
obtain the production of the voltage pulses between the anode
and the cathode, the means for introducing the voltage pulses
into the housing including a wire disposed in the hose and
also including a contact at the end of the hose for insertion
into the housing and further including .means providing an
electrical ground covering on the hose and resiliently
disposed on the hose in engagement with the contact before the

This i5 the replacemant sheet
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_ _ 48
insertion of the hose into the housing and movable from the

contact upon the insertion of the contact into the housing and
a spring disposed on ‘the hose and engaging the
. grounded covering at one end and the resiliently disposed

means at the other end.

37. Apparatus comprising:

a housing,

a cathode in the housing,

an anode in the housing in spaced relationship to
'the cathode, '

means for applying voltage pulses between the anode
and the cathode to produce an electrical discharge between the
anode and the cathode, _

there being gases in the housing for ionization and
chemical reaction upon each electrical discharge,

a compartment,

"means disposed in the compartment for providing
voltage pulses between the anode and the cathode to obtain the

~ electrical discharge,

means for continucusly regulating the temperature
of the gases in the housing at a particular value,

means for additionally'regulating the temperature
of the gases in the housing in accordance with the occurrence
and the magnitude of each voltage pulse, and

- means for purging any ozone produced ‘in 'the

compartment by the voltage applied to the voltage means.

3g. Apparatus as set forth in claim 37, wherein
the housing being made from a material having heat

conductive properties,
means disposed on the housing externally of the

" housing for heating the housing,
means for recirculating the gases in the housing,
means for filtering the gases during the
rec1rculat10n, '
' means for cooling the gases in the housing,
a probe extending into the housing for determining

the temperature of the gases in the housing, _ | |
| This is the replacemant sheet
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, 49
the temperature regulating means includes tne probe,

the heating means and the cooling méans,
the pﬁrging means includes means for paésing an
as through the housing into the compartment and through
the compartment to obtain a removal of any ozone from the
compartment, and
_ the gas-passing means includes a hose for receiving
the inert gas after the paséage of the inert gas through the
compartment for introducing the inert gas into the housing for
exhaustion to the atmosphere, and further including
means disposed in the hose for introducing the

voltage into the housing for introduction to the cathode.

39. Apparatus as set -forth in claim 38,

the voltage-introducing'means including a contact for
insertion into the housing to provide the voltage pulses
between the anode and the cathode,

a grounded shield disposed on the hose,

a sleeve movably disposed on the hose in electrical
continuity with the grounded shield, and |

means associated with the sleeve and the grounded
sleeve on the hose for providing for the positioning of the
sleeve in engagement with the contact when the hose is in
uncoupled relationship to the housing and for providing for
‘'the displacement of the sleeve from the housing when the hose
is coupled to the housing, and further including

a grounded retainer having a pocket for receiving
the end of the hose with the contact when the contact is not
coupled into the housing, and

means for providing for a swivelling of the hose to
provide for the disposition into the retainer pocket of the

end of the hose with the contact.

. 40. A method of checking in a laser system a
thyratron having different portions, a thyratron power supply,
a power supply for a filament in the thyratron, a trigger
board and a cable into the housing to determine if these
components are operative to produce a voltage pulse between
a cathode and an anode in the laser, including the steps of:

This is the replacement sheet
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50
periodically checking the thyratron voltage to

determine if the thyratron pre-fires before a particular
voltage has been applied to the thyratron'and replacing the
thyratron if this particular voltage is not produced,

if the thyratron does not pre-fires in each periodic
check before the particular voltage is reached, checking the
-voltage from the power supply and replacing the power supply
if the voltage from the power supply is not satisfactory,
| if the voltage from the power supply is satisfactory
in each periodic check, checking the voltage on the filament
of the thyratron and replacing the filament power supply if
the filament voltage is not satisfactory,

if the filament power supply is satisfactory in each
periodic check, checking the currents through the different
portions of the thyratron and replacing the power supply if
the currents through the different portions of the power
supply are not satisfactory, and '

if the currents through the different portions of
the power supply are satisfactory in each periodic check,
checking the thyratron current and replacing the cable if the
current through the thyratron is not satisfactory.

41. A method of checking in a laser, a thyratron,
having different portions, a power supply for the thyratron,
a power supply for a filament in the thyratron, a trigger
board for triggering the thyratron and a cable from the
thyratror power supply to determine if these components are
operative to produce voltage pulses between a cathode and an
anode in the laser system, including the steps of:

periodically determining whether the voltage pulseé
between the anode and the cathode are producing at least a
minimum amount of ehergy, and

if the voltage pulses are not producihg at least the

minimum amount of energy, sequentially and periodically

"checking the thyratron voltage, the power supply voltage for
the thyratron, the thyratron filament voltage, the trigger
board voltage, the currents through the different portions of:
the thyratron, the current from the high voltage power supply
and the thyratron current,ﬁo determine which, if any, of the
| This is the replacemant shest
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' 51 -
thyratron, the thyratron voltage supply, the thyratron

filament voltage supply, the trigger béard and the cable have

to be replaced.

42. A method as set forth in claim 41, including

the steps of
replacing the appropriate one of the thyratron power

supply, the thyratron, the thyratron filament power supply,
the trigger board and the cable from the thyratron power

supply in accordance with the tests performed.

43. A method as set forth in claim 42 wherein
_ the testing of the thyratron voltage, the power
supply voltage for the thyratron, the thyratron filament
voltage and the trigger board voltage respectively provides
for the replacement of the thyratron, the thyratron power
. supply, the thyratron filament power supply and the trigger
board in accordance with the results of such testing, and
the testing of the currents through the different portions of
the thyratron, the current from the thyratron power supply and
the thyratron <current respectively provides for the
replacement of the trigger board, the thyratron power supply
and the cable in accordance with the results of such testing.

44. A method of checking the operation of a laser
system inciuding a laser with.gas in the laser, low voltage
power supplies, a high voltage power supply and a thyratron,
including the steps of:

(1) determining whether the energy from the laser
is below a particular value,

(2) if the energy from the laser is below the
particular value, checking whether the voltages from the low
voltage power suppliés in the laser are below first particular
values and replacing individual ones of such power supplies
if the voltages from these power supplies are below the first
particular values, |

(3) checkinq whether the voltage for generating
pulses for triggering the thyratron controlling the operation

of the laser is below a second particular value and, if such
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voltage is below the second Sggticqlar value, replécing the -
voltage supply for providing such triggering pulses,

{4) checking if the high voltage supply for the
laser is operating properly and, if it is not, replacing such
‘high voltage power supply, and '

_ (53) determining whether a particular'amount of gas
exists in the laser and, if it does not, introducing such gas
into the laser until such gas reaches at least the particular

amount.

45. A method as set forth in claim 44 wherein the
voltage across the high voltage power supply and the current
through the high voltage power supply are monitored to
determine if the power supply is operating properly and, if
the power supply is not operating properly, replacing the
power supply,

a trigger circuit board is provided for generating
the pulses for triggering the thyratron and wherein the
trigger circuit board is replaced when the voltage for
generating such pulses is below the second. particular value
" of when the current through " the thyratron is below a

particular value,
a check is made to determine if the thyratron is

pre-firing and, if the thyratron is pre-firing, replacing the
thyratron, '

' a cable is provided for introducing the voltage to
the thyratron and wherein the cable is replaced when a current
flows through the high voltage power supply but a voltage less
than a third particular value is produced across the high

voltage power supply, _

the firings of the laser are counted after the laser
has been filled with the gas to at least the particular value
and the laser is refilled with the gas to at least a fourth

particular value after a particular count, and
the laser has a resonator and optical elements and

wherein the number of firings of the laser is counted after
the resonator and optical elements have been replaced and
wherein the resonator and the optical elements are replaced

after a fifth particular count.

This is the replacement sheet

MWW o 2o



53 _
46.A system for checking the operation of a laser

- system including a laser with gas in the laser, low voltage
power supplies, a high voltage power supply and a thyratron,
inclﬁding:

_ first means for determining whether the energy from

the laser is below a particular value,

second means for checking the voltages from the low
voltage power supplies in the laser to determine whether the
voltages are below first particular values,

_ | third means for checking the voltages for triggering
the thyratron to determine if such voltage is below & second
particular value, _

' fourth means for checking the high voltage power
supply to determine if the high voltége pdwer supply is
operating properly, and

fifth means for checking the amount of the gas in
the laser to determine if the amount of the gas in the laser
is below a third particular value, and -

sixth means for providing for the operation of the
first through fifth means in seguence.

47. A system as set forth in claim46 wherein the
fourth means checks the current through the high voltage power
supply and the voltage across the high voltage power supply
to determine if the high voltage power supply is operating
properly, and, |
. the fifth means counts the number of firings of the
laser after the last £filling of the laser with the gas to
determine if the amount of the gas in the laser is below the
particular value, and further including,
| " seventh means for checking the firing
characteristics of the laser to determine if the laser pre-
fires before the voltage from the thyratron reaches a
| particular value, the seventh means being operative in
sequence with the first through fifth means, and wherein,

the laser has a resonator and optical elements and
wherein the fifth means counts the number of firings of the
laser after the last replacement of the resonator and the

optical elements to determxne if the resonator and the optical
| This is the replacement sheet
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elements should again be replaced.

BT — This is the replacement sheet

Date: 2 9 MAY 1938



