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Description

[0001] The present invention is a continuation-in-part
of Serial No. 09/370,739, filed August 9, 1999 which was
a c-i-p of Serial No. 08/990,848, filed December 15,
1997, now U.S. Patent No. 5,940,421. This invention re-
lates to pulse power systems and in particular to high
pulse rate pulse power systems for electric discharge
lasers.

BACKGROUND OF THE INVENTION

[0002] In typical gas discharge lasers a gain medium
is created by an electric discharge between two elon-
gated electrodes into a circulating gas. Very high volt-
ages are usually required to initiate the discharge but
once the discharge begins, a plasma is created which
reduces the electrical resistance between the elec-
trodes to almost zero, effectively creating what is almost
a short circuit. This requires a method to limit the current
once the discharge has started. A common method to
deal with the two issues is to provide a "peaking" capac-
itor (Cp) in parallel with the electrodes. The peaking ca-
pacitor is periodically charged with the voltage needed
to initiate the discharge but with only enough electrical
energy for one pulse. The almost short circuit between
the electrodes created by the high voltage drains the
peaking capacitor of its energy which terminates the
pulse. In high pulse rate electric discharge lasers (e.g.,
1000 pulses per second) a gas circulating system pro-
duces a gas flow (such as 1,000 inches/second) be-
tween the electrodes which quickly replaces the ionized
gas between the electrodes resulting from each pulse
with fresh gas prior to the next pulse. The next pulse is
generated by another quick charge on the peaking ca-
pacitor similar to the prior one. Thus, it is the job of the
pulse power system to provide on the peaking capacitor
sufficient voltage and electrical energy for one pulse at
a desired pulse rate, such as 1,000 times per second.
[0003] In a prior art system, the peaking capacitor is
charged from a 12-20 kv DC power source using a high
voltage switch to charge a charging capacitor, Co, and
a high voltage switch such as a thyratron to transfer the
energy on the charging capacitor to the peaking capac-
itor. Other prior art pulse power systems use magnetic
pulse compression circuits in order to provide the need-
ed quick repetitive high voltage, high energy charging
of the peaking capacitor. Examples are described in U.
S. Patent Nos. 5,448,580 and 5,313,481.These circuits
normally utilize multi-stage LC networks which convert
relatively long, relatively low voltage pulses into the
needed very short high voltage pulses.
[0004] Document WO 99/31773 discloses a high
pulse rate power source for supplying controlled high
energy electrical pulses. The source includes a pulse
generating circuit including a charging capacitor, a solid
state switch and a current limiting inductor. Pulses gen-
erated in the pulse generating circuit are compressed in

at least two pulse compression circuits and a step-up
pulse transformer increases the peak voltage. A very
fast regulated power supply is provided for charging the
charging capacitor and a pulse control system includes
a program processor controlling the charging of the
charging capacitor.
[0005] The prior art includes pulse power systems
supplying very high voltage short pulses for industrial
gas discharge lasers such as excimer lasers at pulse
rates in the range of 1,000 Hz. These lasers need to
operate reliably 24 hours per day for many weeks with
only short down times for routine maintenance. There is
a need for pulse power systems with increased reliability
which can operate at pulse rates in the range of 2,000
Hz to 5,000 Hz or greater.

SUMMARY OF THE INVENTION

[0006] The present invention provides a high pulse
rate pulse power source as defined in claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is a block diagram of a preferred embodiment
of the present invention.

FIG. 2 is a simplified circuit diagram of the above
preferred embodiment.

FIG. 3 is a combination block diagram, circuit dia-
gram of a high voltage power supply which is part
of the above preferred embodiment.

FIG. 4 is a prospective assembly drawing of a pulse
transformer used in the above preferred embodi-
ment.

FIG. 5 is a drawing of a primary winding of a pulse
transformer used in the above preferred embodi-
ment.

FIGS. 6A, 6B and 6C are time line charts showing
pulse compression using the above preferred em-
bodiment.

FIG. 7 is a simplified circuit diagram for providing
bipolar pulses.

FIGS. 8A and 8B are drawing showing two views of
a saturable inductor.

FIGS. 8C, 8D, and 8E show features of a water
cooled saturable inductor.

FIG 9 is a circuit drawing showing a resonance pow-
er supply.
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FIGS. 10A and 10B shows the mounting of a com-
pression lead in a preferred embodiment.

FIG. 11 is a modification of the FIG. 2 circuit diagram
showing an embodiment with reduced leakage cur-
rent.

FIG. 12 is a cross-section drawing showing one ex-
ample implementing the FIG. 11 circuit.

FIG. 13 is a sketch of a saturable inductor.

FIGS. 14 and 14A are sketches of saturable induc-
tors.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0008] Preferred embodiments of the present inven-
tion can be described by reference to the drawings.

FIRST PREFERRED EMBODIMENT

[0009] A first preferred embodiment of the present in-
vention, which is the pulse power system for an indus-
trial narrow-band KrF excimer laser, is shown in block
diagram form in FIG. 1. A simplified combination block
and circuit diagram of this preferred embodiment is
shown in FIG. 2. The diagrams show a preferred em-
bodiment built and tested by the Applicants for convert-
ing 208 volt three phase standard plant alternating cur-
rent into 0.5 Joule to 6 Joule, 12 kv to 22 kv electrical
pulses on a peaking capacitor of the excimer laser at
pulse rates in the range of 2,000 Hz or greater. A system
description is first provided below followed by a more
detailed description of some of the important details of
the individual modules and components of the system.

SYSTEM DESCRIPTION

[0010] This preferred embodiment is manufactured in
four separate modules as indicated in FIGS. 1 and 2,
each of which becomes an important part of the excimer
laser system and each of which can be quickly replaced
in the event of a parts failure or in the course of a regular
preventative maintenance program. These modules are
designated by Applicants: high voltage power supply
module 20, commutator module 40, compression head
module 60 and laser chamber module 80.

High Voltage Power Supply Module

[0011] High voltage power supply module 20 compris-
es a 300 volt rectifier 22 for converting the 208 volt three
phase plant power from source 10 to 300 volt DC. In-
verter 24 converts the output of rectifier 22 to high fre-
quency 300 volt pulses in the range 100 kHz to 200 kHz.
[0012] The frequency and the on period of inverter 24

are controlled by the HV power supply control board 21
in order to provide course regulation of the ultimate out-
put pulse energy of the system. The output of inverter
24 is stepped up to about 1200 volts in step-up trans-
former 26. The output of transformer 26 is converted to
1200 volts DC by rectifier 28 which includes a standard
bridge rectifier circuit 30 and a filter capacitor 32. DC
electrical energy from circuit 30 charges 8.1 µF Co
charging capacitor 42 in commutator module 40 as di-
rected by HV power supply control board 21 which con-
trols the operation of inverter 24 as shown in FIG. 1. Set
points within HV power supply control board 21 are set
by laser system control board 100.
[0013] The reader should note that in this embodi-
ment as shown in FIG. 1 that initial charging energy con-
trol for the laser system is provided by power supply
module 20. A high peak power pulse is then generated
by the circuitry in the commutator module 40 and the
remaining electrical circuits in commutator 40 and com-
pression head 60 merely serve to amplify the peak pow-
er and compress the pulse duration of the electrical en-
ergy stored on charging capacitor 42. As an example of
this control, FIG. I indicates that control board 100 has
controlled the power supply to provide 700 volts to
charging capacitor 42 which during the charging cycle
is isolated from the down stream circuits by solid state
switch 46.

Commutator Module

[0014] Commutator module 40 comprises Co charg-
ing capacitor 42, which in this embodiment is a bank of
capacitors connected in parallel to provide a total ca-
pacitance of 8.1 µF. Voltage divider 44 provides a feed-
back voltage signal to the HV power supply control
board 21 which is used by control board 21 to limit the
charging of capacitor 42 to the voltage (called the "con-
trol voltage") which when formed into an electrical pulse
and compressed and amplified in commutator 40 and
compression head 60 will produce the desired dis-
charge voltage on peaking capacitor 82 and across
electrodes 83 and 84.
[0015] In this embodiment (designed to provide elec-
trical pulses in the range of 3 Joules and 14,000 volts at
a pulse rate of 2,000 pulses per second), about 250 mi-
croseconds (as indicated in FIG. 6A) are required for
power supply 20 to charge the charging capacitor 42 to
700 volts. Therefore, charging capacitor 42 is fully
charged and stable at the desired voltage when a signal
from commutator control board 41 closes solid state
switch 44-46 which initiates the very fast step of con-
verting the 3 Joules of electrical energy stored on charg-
ing capacitor into a 14,000 volt discharge across elec-
trodes 83 and 84. For this embodiment, solid state
switch 46 is a IGBT switch, although other switch tech-
nologies such as SCRs, GTOs, MCTs, etc. could also
be used. A 600 nH charging inductor 48 is in series with
solid state switch 46 to temporarily limit the current
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through switch 46 while it closes to discharge the Co
charging capacitor 42.

Pulse Generation Stage

[0016] For the first stage of pulse generation 50, the
charge on charging capacitor 42 is thus switched onto
C1 8.5 µF capacitor 52 in about 5 µs as shown on FIG.
6B.

First Stage of Compression

[0017] A saturable inductor 54 holds off the voltage
on capacitor 52 and then becomes saturated allowing
the transfer of charge from capacitor 52 through 1:23
step up pulse transformer 56 to Cp-1 capacitor 62 in a
transfer time period of about 550 ns, as shown on FIG.
6C, for a first stage of compression 61.
[0018] The design of pulse transformer 56 is de-
scribed below. Performance wise the transformer is an
extremely efficient pulse transformer, transforming a
700 volt 17,500 ampere 550 ns pulse rate into a 16,100
volt, 760 ampere 550 ns pulse which is stored very tem-
porarily on Cp-1 capacitor bank 62 in compression head
module 60.

Compression Head Module

[0019] Compression head module 60 further com-
presses the pulse width and amplifies the peak power
of the pulse.

Second Stage of Compression

[0020] An Lp-1 saturable inductor 64 (with about 125
nH saturated inductance) holds off the voltage on 16.5
nF Cp-1 capacitor bank 62 for approximately 550 ns then
allows the charge on Cp-1 to flow (in about 100 ns) onto
16.5 nF Cp peaking capacitor 82 located on the top of
laser chamber 80 and which is electrically connected in
parallel with electrodes 83 and 84. This transformation
of a 550 ns long pulse into a 100 ns long pulse to charge
Cp peaking capacitor 82 makes up the second and last
stage of compression as indicated at 65 on FIG. 1.

Laser Chamber Module

[0021] About 100 ns after the charge begins flowing
onto peaking capacitor 82 mounted on top of and as a
part of the laser chamber module 80, the voltage on
peaking capacitor 82 has reached about 14,000 volts
and discharge between the electrodes begins. The dis-
charge lasts about 50 ns during which time lasing occurs
within the resonance chamber of the excimer laser. The
resonance chamber is defined by a line narrowing pack-
age 86 comprised in this example by a 3-prism beam
expander, a tuning mirror and an eschelle grating and
an output coupler 88 which in this example, comprises

a 10 percent R mirror. The laser pulse for this laser is a
narrow band 20 ns 248 nm pulse of about 10 mJ and
the repetition rate is 2000 pulses per second. The pulses
define a laser beam 90 and the pulses of the beam are
monitored by photodiode 92.

Control of Pulse Energy

[0022] The signal from photodiode 92 is transmitted
to processor 102 in control board 100 and the processor
uses this energy signal and preferably other historical
pulse energy data to set the command voltage for the
next and/or future pulses. In a preferred embodiment in
which the laser operates in a series of short bursts (such
as 100 pulse 0.5 second bursts at 2000 Hz separated
by a dead time of about 0.1 second) processor 102 in
control board 100 is programmed with a special algo-
rithm which uses the most recent pulse energy signal
along with the energy signal of all previous pulses in the
burst along with other historical pulse profile data to se-
lect a control voltage for the subsequent pulse so as to
minimized pulse-to-pulse energy variations and also to
minimize burst-to-burst energy variations. This calcula-
tion is performed by processor 102 in control board 100
using this algorithm during a period of about 35 µs. The
laser pulses occurs about 5 µs following the To firing of
IGBT switch 46 shown on FIG. 6C and about 20 µs are
required to collect the laser pulse energy data. (The start
of the firing of switch 46 is called To.) Thus, a new control
voltage value is thus ready (as shown on FIG. 6A) about
70 microseconds after the firing of IGBT switch 46 for
the previous pulse (at 2,000 Hz the firing period is 500
µs). The features of this algorithm are described in
greater detail in U.S. Patent Application Serial No.
09/034,870.

Energy Recovery

[0023] This preferred embodiment is provided with
electronic circuitry which recovers excess energy on
charging capacitor 42 from the previous pulse which
substantially reduces waste energy and virtually elimi-
nates after ringing in the laser chamber 80.
[0024] This is accomplished by the energy recovery
circuit 57, composed of energy recovery inductor 58 and
energy recovery diode 59, the series combination of the
two connected in parallel across Co charging capacitor
42. Because the impedance of the pulse power system
is not exactly matched to that of the chamber and due
to the fact that the chamber impedance varies several
orders of magnitude during the pulse discharge, a neg-
ative going "reflection" is generated from the main pulse
which propagates back towards the front end of the
pulse generating system. After the excess energy has
propagated back through the compression head 60 and
the commutator 40, switch 46 opens up due to the re-
moval of the trigger signal by the controller. The energy
recovery circuit 57 reverses the polarity of the reflection
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which has generated a negative voltage on the charging
capacitor 42 through resonant free wheeling (a half cy-
cle of ringing of the L-C circuit made up of the charging
capacitor 42 and the energy recovery inductor 58) as
clamped against reversal of current in inductor 58 by di-
ode 59. The net result is that substantially all of the re-
flected energy from the chamber 80 is recovered from
each pulse and stored on charging capacitor 42 as a
positive charge ready to be utilized for the next pulse.
FIG. 6 is a time line chart showing the charges on ca-
pacitor Co, C1, Cp-1 and Cp. The chart shows the proc-
ess of energy recovery on Co.

Magnetic Switch Biasing

[0025] In order to completely utilize the full B-H curve
swing of the magnetic materials used in the saturable
inductors, a DC bias current is provided such that each
inductor is reverse saturated at the time a pulse is initi-
ated by the closing of switch 46.
[0026] In the case of the commutator saturable induc-
tors 48 and 54, this is accomplished by providing a bias
current flow of approximately 15A backwards (com-
pared to the normal pulse current flow) through the in-
ductors. This bias current is provided by bias current
source 120 through isolation inductor Lbl. Actual current
flow travels from the power supply through the ground
connection of the commutator, through the primary
winding of the pulse transformer, through saturable in-
ductor 54, through saturable inductor 48, and through
isolation inductor Lbl back to the bias current source 120
as indicated by arrows B1. An alternative bias circuit can
be implemented by providing current flow through the
ground connection of the commutator, through a trans-
former coupled, single turn winding of the saturable in-
ductor 54 and a transformer coupled, single turn winding
of the saturable inductor 48, through isolation inductor
Lbl back to the bias current source 120.
[0027] In the case of compression head saturable in-
ductor, a bias current B2 of approximate 5A is provided
from the second bias current source 126 through isola-
tion inductor Lb2. At the compression head, the current
splits and one portion B2-1 goes through saturable in-
ductor Lp-1 64 and back through isolation inductor Lb3
back to the second bias current source 126. The remain-
der of the current B2-2 travels back through the HV ca-
ble connecting the compression head 60 and the com-
mutator 40, through the pulse transformer secondary
winding to ground, and through a biasing resistor back
to the second bias current source 126. This second
smaller current is used to bias the pulse transformer so
that it is also reset for the pulsed operation. The amount
of current which splits into each of the two legs is deter-
mined by the resistance in each path and is intentionally
adjusted such that each path receives the correct
amount of bias current.

Direction of Current Flow

[0028] In this embodiment, we refer to the flow of
pulse energy through the system from the plant power
source 10 to the electrodes and to ground beyond elec-
trode 84 as "forward flow" and this direction as the for-
ward direction. When we refer to an electrical compo-
nent such as a saturable inductor as being forward con-
ducting we mean that it is biased into saturation to con-
duct "pulse energy" in a direction toward the laser cham-
ber electrodes. When it is reverse conducting it is biased
into saturation to conduct energy in a direction away
from the electrodes toward the charging capacitor. The
actual direction of current flow (or electron flow) through
the system depends on where you are within the sys-
tem. The direction of current flow is now explained to
eliminate this as a possible source of confusion.
[0029] In this preferred embodiment Co is charged
with (for example) a positive 700 volts such that when
switch 46 is closed current flows from capacitor 42
through inductor 48 in a direction toward C1 capacitor
52 (which means that electrons are actually flowing in
the reverse direction). Similarly, the current flow is from
C1 capacitor 52 through the primary side of pulse trans-
former 56 toward ground. Thus, the direction of current
and pulse energy is the same from charging capacitor
42 to pulse transformer 56. As explained below under
the section entitled "Pulse Transformer" current flow in
both the primary loops and the secondary loop of pulse
transformer 56 are both toward ground. The result is that
current flow between pulse transformer 56 and the elec-
trodes during discharge is in the direction away from the
electrodes toward transformer 56. Therefore, the direc-
tion of electron flow during discharge is from ground
through the secondary of pulse transformer 56 tempo-
rarily onto Cp-1 capacitor 62 through inductor 64, tem-
porarily onto Cp capacitor 82, through inductor 81,
through electrode 84 (which is the discharge cathode)
through the discharge plasma, through electrode 83 and
back to ground. Thus, between pulse transformer 56,
electrons flow in the same direction as the pulse energy
during discharge.
[0030] Immediately following discharge currents and
electron flow are reversed as explained above and spe-
cial provisions have been made in this embodiment to
deal with that reverse current flow as explained above
in the section entitled Energy Recovery.

Detailed Power Supply Description

[0031] A more detailed circuit diagram of the power
supply portion of the preferred embodiment is shown in
FIG. 3. As indicated in FIG. 3, rectifier 22 is a 6 pulse
phase controlled rectifier with a plus 150v to -150V DC
output. Inverter 24 is actually three inverters 24A, 24B
and 24C. Inverters 24B and 24C are turned off when the
voltage on 8µF Co charging capacitor 42 is 50 volts less
than the command voltage and inverter 24A is turned
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off when the voltage on Co 42 slightly exceeds the com-
mand voltage. This procedure reduces the charge rate
near the end of the charge. Step up transformers 26A,
26B and 26C are each rated at 7 kw and transform the
voltage to 1200 volt AC.
[0032] Three bridge rectifier circuits 30A, 30B and
30C are shown. The HV power supply control board 21
converts a 12 bit digital command to an analog signal
and compares it with a feedback signal 45 from Co volt-
age monitor 44. When the feedback voltage exceeds the
command voltage, inverter 24A is turned off as dis-
cussed above, Q2 switch 34 closes to dissipate stored
energy within the supply, Q3 isolation switch 36 opens
to prevent any additional energy leaving the supply and
Q1 bleed switch 38 closes to bleed down the voltage on
Co 42 until the voltage on Co equals the command volt-
age. At that time Q1 opens.

Detailed Commutator and Compression Head
Description

[0033] The principal components of commutator 40
and compression head 60 are shown on FIGS. 1 and 2
and are discussed above with regard to the operation of
the system. In this section, we describe details of fabri-
cation of the commutator and the compression head.

Solid State Switch

[0034] Solid state switch 46 is an P/N CM 1000 HA-
28H IGBT switch provided by Powerex, Inc. with offices
in Youngwood, Pennsylvania. In a preferred embodi-
ment, such switches are used in parallel

Inductors

[0035] Inductors 48, 54 and 64 are saturable induc-
tors similiar to those described in U.S. Patents
5,448,580 and 5,315,611.
[0036] FIG. 13 shows a preferred design of the Lo in-
ductor 48. In this inductor four conductors from IGBT
switches 46B pass through a number of ferrite toroids
49 to form part 48A about 8 inches long hollow cylinder
of very high permability material with an ID of about 2.5
cm (1 inch) and an Od of about 3.81 cm (1.5 inch). Each
of the four conductors are then wrapped twice around
an insulating doughmut shaped core to form part 48B.
The four conductors then connect to a plate which is in
turn connected to the high voltage side of the C, capac-
itor bank 52.
[0037] A preferred sketch of saturable inductor 54 is
shown in FIG. 14. In this case, the inductor is a single
turn geometry where the assembly top and bottom lids
541 and 542 and center mandrel 543, all at high voltage,
form the single turn through the inductor magnetic
cores. The outer housing 545 is at ground potential. The
magnetic cores are 0.015cm (0.0005") thick tape wound
50-50% Ni-Fe alloy provided by Magnetics of Butler,

Pennsylvania or National Arnold of Adelanto, California.
Fins 546 on the inductor housing facilitate transfer of
internally dissipated heat to the forced air cooling. In ad-
dition, a ceramic disk (not shown) is mounted under-
neath the reactor bottom lid to help transfer heat from
the center section of the assembly to the module chassis
base plate. FIG. 14 shows the high voltage connections
one of the capacitors of the C1 capacitor bank 52 and
to a high voltage lead on one of the induction units of
the 1-23 step up pulse transformer 56. The housing 545
is connected to the ground lead of unit 56.
[0038] A top and section view of the saturable inductor
64 is shown respectively in FIGS. 8A and 8B. However,
in the inductors of this embodiment, flux excluding metal
pieces 301, 302, 303 and 304 are added as shown in
FIG. 8B in order to reduce the leakage flux in the induc-
tors. These flux excluding pieces substantially reduce
the area which the magnetic flux can penetrate and
therefore help to minimize the saturated inductance of
the inductor. The current makes five loops through ver-
tical conductor rods in the inductor assembly around
magnetic core 307. It enters at 305 travels down a large
diameter conductor in the center labeled "1" and up six
smaller conductors on the circumference also labeled
"1". The current then flows down two conductors labeled
2 on the inside, then up the six conductors labeled 2 on
the outside then down flux exclusion metal on the inside
then up the six conductors labeled 3 on the outside, then
down the two conductors labeled 3 on the inside, then
up the six conductors labeled 4 on the outside, then
down the conductor labeled 4 on the inside. The flux ex-
clusion metal components is held at half the full pulsed
voltage across the conductor allowing a reduction in the
safe hold-off spacing between the flux exclusion metal
parts and the metal rods of the other turns. The magnetic
core 307 is made up of three coils 307A, B and C formed
by windings of 0.015cm (0.0005") thick tape 80-20% Ni-
Fe alloy provided by Magnetics, Inc. of Butler, Pennsyl-
vania or National Arnold of Adelanto, California.
[0039] In prior art pulse power systems, oil leakage
from electrical components has been a potential prob-
lem. In this preferred embodiment, oil insulated compo-
nents are limited to the saturable inductors. Further-
more, the saturable inductor as shown in FIG. 8B are
housed in a pot type oil containing housing in which all
seal connections are located above the oil level to sub-
stantially eliminate the possibility of oil leakage. For ex-
ample, the lowest seal in inductor 64 is shown at 308 in
FIG. 8B. Since the normal oil level is below the top lip
of the housing 306, it is almost impossible for oil to leak
outside the assembly as long as the housing is main-
tained in an upright condition.

Capacitors

[0040] Capacitor banks 42, 52 and 62 are all com-
prised of banks of off-the-shelf capacitors connected in
parallel. Capacitors 42 and 52 are film type capacitors
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available from suppliers such as Vishay Roederstein
with offices in Statesville, North Carolina or Wima of
Germany. Applicants preferred method of connecting
the capacitors and inductors is to solder them to positive
and negative terminals on special printed circuit board
having heavy nickel coated copper leads in a manner
similar to that described ins U.S. Patent No. 5,448,580.
Capacitor bank 62 is typically composed of a parallel
array of high voltage ceramic capacitors from vendors
such as Murata or TDK, both of Japan.

Pulse Transformer

[0041] Pulse transformer 56 is also similar to the pulse
transformer described in U.S. Patent Nos. 5,448,580
and 5,313,481; however, the pulse transformers of the
present embodiment has only a single turn in the sec-
ondary winding and 23 induction units equivalent to 1/23
of a single primary turn. A drawing of pulse transformer
56 is shown in FIG. 4. Each of the 23 induction units
comprise an aluminum spool 56A having two flanges
(each with a flat edge with threaded bolt holes) which
are bolted to positive and negative terminals on printed
circuit board 56B as shown along the bottom edge of
FIG. 4. Insulators 56C separates the positive terminal
of each spool from the negative terminal of the adjacent
spool. Between the flanges of the spool is a hollow cyl-
inder 2.70 cm (1 1/16 inches) long with a 0.875 OD with
a wall thickness of about 0.79mm (1/32 inch). The spool
is wrapped with one inch wide 0.018mm, (0.7 mil) thick
Metglas™ 2605 S3A and a 0.0254mm (0.1 mil)thick my-
lar film until the OD of the insulated Metglas™ wrapping
is 6.70 cm (2.24 inches). A prospective view of a single
wrapped spool forming one primary winding is shown in
FIG. 5.
[0042] The secondary of the transformer is a single
OD stainless steel rod mounted within a tight fitting in-
sulating tube of electrical glass. The winding is in four
sections as shown in FIG. 4. The stainless steel second-
ary shown as 56D in FIG.4 is grounded to a ground lead
on printed circuit board 56B at 56E and the high voltage
terminal is shown at 56F. As indicated above, a 700 volt
pulse between the + and - terminals of the induction
units will produce a minus 16,100 volt pulse at terminal
56F on the secondary side. This single turn secondary
winding design provides very low leakage inductance
permitting extremely fast output risetime.

Compression Head Mounting

[0043] This preferred embodiment of the present in-
vention includes a compression head mounting tech-
nique shown in FIGS. 10A and 10B. FIG. 10 is a side
section view of the laser system showing the location of
the compressor lead module in relation to electrodes 83
and 84. This technique was designed to minimize the
impedance associated with the compression head
chamber connection and at the same time facilitates

quick replacement of the compression head. As shown
in FIGS. 10A and 10B the ground connection is made
with an approximately 71.12 cm (28 inch) long slot tab
connection along the back side of the compression head
as shown at 81A in FIG. 10A and 81B in FIG. 10B. The
top of the slot is fitted with flexible finger stock. A pre-
ferred finger stock material is sold under the tradename
MC®-Multilam LA Cu, manufactured by Multi-Contact
USA of Santa, Rosa, California.
[0044] The high voltage connection is made between
a six-inch diameter smooth bottom of saturable inductor
64 and a mating array of flexible finger stock at 89 in
FIG. 10A.. As above, a preferred finger stock material
is MC®-Multilam LA Cu. This arrangement permits the
replacement of the compression head module for repair
or preventative maintenance in about five minutes.
Alignment is also greatly simplified since the high volt-
age connection of the mating array can make contact
anywhere on the six inch diameter of the saturable in-
ductor 64. Screw connections have also been mini-
mized and all remaining fasteners moved to the sides
and front of the module to facilitate removal and instal-
lation.

Details of Laser Chamber Electrical Components

[0045] The Cp capacitor 82 is comprised of a bank of
28 0.59 nf capacitors mounted on top of the chamber
pressure vessel. (Typically a KrF laser is operated with
a lasing gas made up of 1.0% krypton, 0.1% fluorine,
and the remainder neon.) The electrodes are each solid
brass bars about 71.12 cm (28 inches) long which are
separated by about 0.5 to 1.0 inch. In this embodiment,
the top electrode is the cathode and the bottom elec-
trode is connected to ground as indicated in FIG. 1.

OTHER EMBODIMENTS

Reverse Polarization

[0046] In the system described above Co is charged
with a positive voltage and the flow of electrons is into
the ground electrode of the laser chamber. The circuit
can be easily reversed with Co charged to a negative
charging voltage of about 700 volts and the electron flow
will be from the ground electrode to the high voltage
electrodes. Also reverse flow of electrons across the
electrode gap could be accomplished by changing the
polarity of the secondary winding (i.e., the four-section
stainless steel tube) so that the pulse polarity is not in-
verted in the transformer (as it is in the preferred em-
bodiment).

Bipolar Operation

[0047] FIG. 7 shows a modification which would per-
mit bi-polar operation of the laser. In this case, two pow-
er supplies are provided one supplying +1200 volts and
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the other providing -1200 volts. In addition, switch 46 is
duplicated so that we have 46A and 46B. When 46A is
closed the polarity of system is like that described in de-
tail above. However, with 46A open and switch 46B clos-
es the resulting pulse is everywhere reversed and the
electron flow across the discharge gap is from the
ground electrode to the high voltage electrode (in this
case about +14,000 volts). In this case, the energy re-
covery circuit 57 is not needed. Instead (for example)
CoA is charged to +700 v at To 46A will close allowing
CoA to discharge through inductor 48 then it will open
and 46B will close permitting the reflected energy to be
recovered on CoB after recovery of the energy 46B
opens. Then CoB is charged to -700 v and at the next
To 46B closes allowing CoB to discharge through the
circuit. The result is alternating discharge directions.
This embodiment should provide for more even wear of
the electrodes.

Resonant Charging

[0048] In another preferred embodiment of the
present invention, the power supply module described
for the first preferred embodiment which utilizes two rec-
tifiers, an inverter and a transformer as shown in FIGS.
1 and 2; is replaced by an off-the-shelf power supply
and a resonant charging circuit. This latter approach
provides much faster charging of the charging capacitor.
[0049] An electrical circuit showing this preferred em-
bodiment is shown in FIG 9. In this case, a standard dc
power supply 200 having a 480 VAC/40 amp input and
a 1200 VDC 50 amp output is used. Such power sup-
plies are available from suppliers such as Elgar/So-
rensen. Maxwell. Kaiser and EMI/Ale. This power sup-
ply continuously changes a 325µF capacitor 202 to the
voltage level commanded 222 by the control board 204.
The control board 202 also commands IGBT switch 206
closed and open to transfer energy from capacitor 202
to capacitor 42. Inductor 208 sets up the transfer time
constant in conjunction with the equivalent series ca-
pacitance of capacitor 202 and 42. Control board 202
receives a voltage feedback 212 that is proportional to
the voltage on capacitor 42 and a voltage feedback 214
that is proportional to the current flowing through induc-
tor 208. From these two feedback signals control board
204 can calculate in real time the final voltage on capac-
itor 42 should IGBT switch 206 open at that instant of
time. Therefore with a command voltage 210 fed into
control board 204 a precise calculation can be made of
the stored energy within capacitor 42 and inductor 208
to compare to the required charge voltage commanded
210. From this calculation, the control board 204 will de-
termine the exact time in the charge cycle to open IGBT
switch 206.
[0050] After IGBT switch 206 opens the energy stored
in the magnetic field of inductor 208 will transfer to ca-
pacitor 42 through the diode path 216. The accuracy of
the real time energy calculation will determine the

amount of fluctuation dither that will exist on the final
voltage on capacitor 42. Due to the extreme charge rate
of this system, too much dither may exist to meet the
systems regulation requirements of ±0.05%. Therefore
a bleed down circuit may be used to further improve the
voltage regulation.
[0051] Bleed down circuit 216 will be commanded
closed by the control board 204 when current flowing
through inductor 208 stops. The time constant of capac-
itor 42 and resistor 220 will be sufficiently fast to bleed
down capacitor 42 to the command voltage 210 without
being an appreciable amount of the total charge cycle.
[0052] The advantages of this type of charging sys-
tem are that capacitor 42 can be charged up quickly (typ-
ically limited by the peak current constraints of the IGBT
switch 206) and the dc power supply can continually
support power to capacitor 202 based upon the average
power drawn by the overall circuit. This is in comparison
to the capacitor charging power supply that can only de-
liver power to capacitor 42 prior to the initiation of a pulse
discharge and energy recovery cycle. As a result, the
capacitor charing power supply components must typi-
cally be sized for the peak power operation that is typi-
cally at least twice the normal average power delivered.
Most capacitor charging power supplies are therefore
more expensive than more standard power supplies for
a given average power capability.
[0053] IGBT switch 206 could also be implemented
with other switch technologies such as MOSFETs,
HCTs, SCRs, GTOs, etc.

Faster Risetime

[0054] From recent test data taken on a number of ex-
cimer lasers, it appears that faster risetime voltage puls-
es applied to the laser chamber can have significant ad-
vantages in several areas including overall laser effi-
ciency, energy stability, etc. The advantages of faster
risetimes appear to be even stronger for next generation
(ArF and F2) lasers than current KrF lasers.
[0055] One reason for this is associated with the
chamber discharge characteristics. At typical pressures
and mixes required to support application requirements
of narrow bandwidth, etc., the chamber breakdown may
occur prior to full transfer of energy from the last stage
in the pulsed power module to the chamber peaking ca-
pacitance. In this case, a faster risetime output pulse
allows more efficient energy transfer to the chamber
peaking capacitance before the chamber discharge be-
gins.
[0056] Traditionally, faster risetime pulses from a
magnetic modulator simply require more stages of pulse
compression time since the initial pulse is typically lim-
ited by the primary switching devices. The advantage of
this specific approach is that additional pulse compres-
sion stages (with their added complications of reduced
efficiency, increased cost, etc.) have not been required.
[0057] In this case, the faster output risetime has been
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provided by improvements in earlier compression stage
hardware as well as a redesigned output stage.
[0058] In order to achieve the faster risetime output
of the pulse power system, the output reactor of this spe-
cific example has been redesigned to use fewer turns
in the toroidal shaped inductor. Additional core material
has been included in the revised magnetic switch by in-
cluding another 1.27 cm (0.5") thick core. Since the sat-
urated inductance goes as the square of the number of
turns in the switch, reducing the number of turns from 5
to 2 has a significant impact in reducing the overall in-
ductance (in spite of the fact that the height of the switch
has increased). The disadvantage of this approach is
that additional leakage voltage will be applied to the la-
ser chamber during the time that voltage is building up
on the magnetic switch, since the un-saturated induct-
ance is also reduced due to the turns reduction. If this
is undesirable, other approaches are available to reduce
the effects of this leakage voltage.
[0059] Since the volt-second product of the switch is
also proportional to the number of turns, additional ma-
terial must be added to the switch to keep the same volt-
second product required for the design. Unfortunately,
core losses are also proportional to the volume of mag-
netic material. As a result, it is desirable to minimize the
core material for efficiency as well as the initial cost of
the material. As described above, one additional core
has been added to the pre-existing 3 cores and each
core has been re-designed to increase the cross-sec-
tional area. However, these modifications still do not
completely account for the reduction in volt-seconds
due to the turns reduction. One solution to this issue is
to improve the output risetime of previous stages such
that a faster transfer time is provided. This, in turn, re-
duces the required volt-second product and reduces the
core material requirements for the output stage switch.
[0060] The previous stage output risetime can be re-
duced by a combination of approaches. Approximately
υ of the inductance of the existing circuit is associated
with the previous magnetic switch saturated inductance.
As a result, the previous switch can also be re-designed
to reduce this parameter. This can be done in a similar
manner to the approach taken with the output stage
switch (by reducing the number of turns). In this case,
however, the existing design uses only 1 turn. As a re-
sult, the only alternative is to modify the saturated in-
ductance by increasing the magnetic path length of the
cores (since the saturated inductance is inversely pro-
portional to this parameter). Other approaches to reduc-
ing the circuit inductance include reducing the cable
connection length between the two SSPPM modules
and reducing other various circuit stray inductances (e.
g. increasing the number of individual capacitors asso-
ciated with each energy storage stage since the stray
inductance is the parallel inductance of each capacitor).
The initial pulse generation stage can also be made fast-
er as long as the "start" switch is capable of increased
peak current levels and dI/dt levels.

Reduced Leakage Current

[0061] As stated above, a potential problem with mag-
netic pulse compression circuits is the leakage current
from the output stage that occurs while the last com-
pression stage is charging. This leakage current can
lead to a rise in voltage across the laser electrodes prior
to application of the main voltage pulse. If this pre-pulse
voltage rise is too high the discharge laser performance
can be adversely affected.
[0062] One example of an adverse effect from the pre-
pulse voltage rise is premature "light-off' of the corona
tube used for pre-ionization of the laser gas. Corona
tube pre-ionization uses a high electric field across an
insulating surface to generate a corona in the laser gas
near an insulating surface. This corona creates short
wavelength UV radiation that in turn ionizes the laser
gas within the volume between the laser electrodes. If
the pre-pulse voltage rise caused by leakage current
from the output stage of the magnetic compression cir-
cuit becomes too high, then the corona will be created
too soon before the main voltage pulse and much of the
ionization will be lost before the main discharge event.
[0063] The modifications described below provides a
compact and efficient method for substantially eliminat-
ing the pre-pulse voltage rise caused by this leakage
current. The modifications consists of an additional
compression stage added to the previously described
magnetic pulse compression circuit. This additional
stage can be made to have no compression itself, but
simply perform the function of preventing the leakage
current from the previous stage from reaching the laser.
[0064] In the magnetic pulse compression circuit
shown in FIG. 1, the laser's peaking capacitance and
head inductance are represented by Cp and Lp. The ca-
pacitance and saturable inductance of the last stage of
the compression circuit are represented by Cp-1 and Lp-
1. The stages prior to the last stage are represented by
C1 and L1.
[0065] It is the leakage through Lp-1 and Cp-1 is
charging that causes a voltage rise on Cp and thus a
voltage across the laser electrodes. A common method
for mitigating this leakaage current is to install one more
stage between Cp-1 and Cp.
[0066] The disadvantages of using an additional
stage for the sole purpose of blocking the leakage cur-
rent are additional expense, size, and most importantly
energy loss. This stage must be designed with the volt-
age hold-off able to handle the full energy of the main
pulse as it is stored on the blocking capacitor. The volt-
second product of the blocking saturable inductor must
also be large enough to hold-off until full transfer from
Cp-1 to the blocking capacitor occurs. Creating a design
capable of handling these requirements is not impossi-
ble, but entails the use of a great many expensive com-
ponents (i.e., high voltage capacitors, high speed satu-
rable magnetic material, and high dielectric strength in-
sulators).
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[0067] The energy losses associated with this block-
ing stage can be considerable. Since this stage must
operate at the charge time of the final output stage, typ-
ically 50-150 ns, losses due to dissipation in the high
voltage capacitors and saturation losses in the magnetic
material of the inductor can be as much as 10-20% of
the total main pulse energy. It may be possible to in-
crease the amount of energy sent into the compression
circuit to compensate for this loss, but each stage must
then be redesigned with extra saturable material to ac-
commodate this additional stored energy.
[0068] The heat load placed on this blocking stage
can also be problematic. Because the final stage must
have fast risetime, stray inductance must be kept to a
minimum. To achieve a low stray inductance, compo-
nents must be kept close to each other. Such a design
criteria is opposite to the requirements for many efficient
heat transfer mechanisms. Use of cooling fluids such as
dielectric oil can help in heat extraction, but the potential
for spillage of this oil in a modem integrated circuit fab-
rication facility is unacceptable.
[0069] A typical pre-pulse voltage rise caused by leak-
age current is shown in FIG. 6C. (See the Cp voltage
curve.) A blocking stage like the one described above
must have sufficient volt-seconds to hold off both the
leakage and the main 20kV pulse. The area under the
voltage curve for the leakage is much less than that for
the main pulse, by a factor of up to 100X. If a circuit were
implemented that held off for only a volt-second product
equivalent to the area under the leakage, a considerable
reduction in magnetic material would be realized.
[0070] Such a circuit is shown in FIG 11 which is a
modification of FIG. 2. The laser's peaking capacitance,
Cp, is split into two groups called Cp and Cp2 such that
the sum of Cp1 and Cp2 equals Cp of the FIG. 2 circuit.
The Cp2 capacitance is attached to the chamber in the
standard way and thus the inductance between Cp2 and
the laser electrodes, Lp2, has the same value as the
standard configuration, Lp. The second portion, Cp1 , is
separated from the laser electrodes and Cp2 by a satu-
rable inductor, Lp1. For reasons stated below, the satu-
rated inductance of Lp1 can be made similar in value to
the standard head inductance Lp.
[0071] As leakage current passes through Lp-1 while
Cp-1 is charging, this current will cause a voltage rise
on Cp1. Because of the saturable inductor, Lp1, this volt-
age will not be placed across Cp2 or the laser elec-
trodes. The volt-second product of Lp1 is chosen not to
hold off the main pulse generated by the compression
circuit, but instead it is sized only to hold off the voltage
on Cp1 caused by the leakage current from the com-
pression circuit. Once Cp-1 is fully charged and Lp-1
saturates, Lp, also saturates so that there is a low in-
ductance path between Cp1 and Cp2 consisting of the
series combination of Lp1 (saturated) and Lp2. This se-
ries combination is typically ten times smaller than the
saturated inductance of the last compression stage, Lp-
1, so it has little or no effect on the transfer time from

Cp-1 to the parallel combination of Cp1 and Cp2.
[0072] The reason that the saturated inductance of
Lp1 can be made essentially the same as Lp (and thus
the same as Lp2), is that the volt-second requirements
are extremely small and the maximum voltage potential
ever impressed across Lp1 is less than 1kV. Since the
voltage hold-off across Lp1 is less than 1kV, a single
sheet of 0.19 mm (005") thick Kapton could be used as
the insulator between the Cp1 capacitor buss 102 and
the Cp2 capacitor buss. (The location of the thin sheet
is indicated at 104 but it is too small to see on the draw-
ing.) Such a small separation between each capacitor
buss leads to a very small loop area and thus very low
inductance.
[0073] The saturable inductor Lp1, itself can be made
to have very low saturated inductance since the amount
of magnetic material required is so small (due to the low
volt-second requirements).
[0074] A detailed drawing of a preferred embodiment
is shown in FIG. 12. The solid plate 100 shown in FIG.
12 is the buss for connecting the Cp2 capacitors to the
chamber's electrical feed-throughs. The much smaller
plate 102 is the buss for connecting the Cp1 capacitors
to the compression head and to the top of the saturable
inductor, Lp1 which is created with conductor material
106 and coils 108 of tape comprised of a magnetic metal
alloy, such as Metglass™ which is a commonly used
material for constructing saturable inductors. This com-
bination of conductor and magnetic material also serves
to define L2 in the embodiment. In this case current
downward from Cp1 and sideways from Cp2.
[0075] A choice must be made as to how to partition
the Cp capacitance into Cp1 and Cp2. There are two
considerations when making this design decision. The
first is the size of Cp1. If Cp1 is made very small then
the voltage rise on Cp, caused by the leakage current
through Lp-1 will be large and the volt-second product
of the Lp, saturable inductor will need to be large. This
consideration tends to drive the Cp1 value to a larger
fraction of the total Cp capacitance.
[0076] The second consideration is the size of Cp2. If
Cp2 is made small then the small spurious amounts of
electrical energy that propagate between compression
stages after the main pulse can lead to a large voltage
spike on Cp2. These spurious voltage spikes are com-
monly called late time blips and have been shown to
cause electrode erosion if they have sufficient voltage
to breakdown the laser gas. Increasing the size of Cp2
would reduce the voltage levels caused by late time
blips and thus mitigate the possibility of gas breakdown.
[0077] Unfortunately, these two considerations lead
to opposing desires for the sizes of Cp, and Cp2. It has
been found that a range for Cp1 between 1/3 and 2/3 of
the total Cp can lead to satisfactory results. As long as
the energy in late time blips can be minimized, Cp1
should be made as large as possible to reduce the re-
quired volt-seconds for the Lp1 saturable inductor. Re-
ducing the volt-second requirements on Lp1 make for
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lesser magnetic material requirements, smaller heat
loading, and reduced saturated inductance.

High Duty Cycle Embodiment

[0078] In the typical operating mode for this system in
an excimer laser in a photolithography stepper or scan-
ner, the Pulse Power System does not usually operate
at a full 100% duty cycle. In most cases, the duty cycle
varies from approximately 50-70%. However, in some
instances (such as life testing of optics components,
etc.), it is desirable to operate the laser at the maximum
duty cycle of 100%. In this case, the Pulse Power Sys-
tem average power dissipation is higher than the normal
typical operating mode. An additional embodiment is
therefore presented here which is more capable of op-
erating at this higher average power mode by using wa-
ter cooling in addition to the normal forced air cooling
provided by cooling fans.
[0079] One disadvantage of water cooling has tradi-
tionally been the possibility of a leak occurring in the
module around the components or wiring that is ex-
posed to high voltage. This specific embodiment avoids
that potential issue by utilizing a single solid piece of
cooling tubing that is routed within the module to cool
those components that normally dissipate the majority
of the heat deposited in the module. Since no joints or
connections exist inside the module enclosure and the
cooling tubing is a continuous piece of solid metal (e.g.
copper, stainless steel, etc.), the chances of a leak oc-
curring are greatly diminished. Module connections to
the cooling water are therefore made outside the as-
sembly sheet metal enclosure where the cooling tubing
mates with a quick-disconnect type connector.

Detailed Commutator Description

[0080] In the case of the commutator module a water
cooled saturable inductor 54A is provided as shown in
FIG. 14A which is similar to the inductor 54 shown in
FIG. 14 except the fins of 54 are replaced with a water
cooled jacket 54A1 as shown in FIG. 14A. The cooling
line 54A2 is routed within the module to wrap around
jacket 54A1 and through aluminum base plate where the
IGBT switches and Series diodes are mounted. These
three components make up the majority of the power
dissipation within the module. Other items that also dis-
sipate heat (snubber diodes and resistors, capacitors,
etc.) are cooled by forced air provided by the two fans
in the rear of the module.
[0081] Since the jacket 54A1 is held at ground poten-
tial, there are no voltage isolation issues in directly at-
taching the cooling tubing to the reactor housing. This
is done by pressfitting the tubing into a dovetail groove
cut in the outside of the housing as shown at 54A3 and
using a thermally conductive compound to aid in making
good thermal contact between the cooling tubing and
the housing.

[0082] Although the IGBT switches "float" at high volt-
age, their modular construction isolates the mounting
heat sink can operate at ground potential and is much
easier to cool since high voltage isolation is not required
in the cooling circuit. In this case, the cooling tubing is
pressed into a groove in an aluminum base on which
the IGBTs are mounted. As with the inductor 54a, ther-
mally conductive compound is used to improve the over-
all joint between the tubing and the base plate.
[0083] The Series diodes also "float" at high potential
during normal operation. In this case, the diode housing
typically used in the design provides no high voltage iso-
lation. To provide this necessary insulation, the diode
"hockey puck" package is clamped within a heat sink
assembly which is then mounted on top of a ceramic
base that is then mounted on top of the water-cooled
aluminum base plate. The ceramic base is just thick
enough to provide the necessary electrical isolation but
not too thick to incur more than necessary thermal im-
pedance. For this specific design, the ceramic is 1.60
mm (1/16")thick alumina although other more exotic ma-
terials, such as beryllia, can also be used to further re-
duce the thermal impedance between the diode junction
and the cooling water.

Detailed Compression Head Description

[0084] The water-cooled compression head is similar
in the electrical design to the previously described air-
cooled version (the same type ceramic capacitors are
used, similar material is used in the reactor design, etc.).
The primary differences in this case are that the module
must run at higher rep-rates and therefore, higher aver-
age power. In the case of the compression head module,
the majority of the heat is dissipated within the modified
saturable inductor 64A. Cooling the subassembly is not
a simple matter since the entire housing operates at
pulsed high voltages. The solution to this issue is to in-
ductively isolate the housing from ground potential. This
inductance is provided by wrapping the cooling tubing
around two cylindrical forms that contain a ferrite mag-
netic core. Both the input and output cooling lines are
coiled around cylindrical portions of a ferrite core formed
of the two cylindrical portions and the two ferrite blocks
as shown in FIGS. 8C, D and E.
[0085] The ferrite pieces are made from CN-20 mate-
rial manufactured by Ceramic Magnetics, Inc. of Fair-
field, New Jersey. A single piece of copper tubing
0.47cm (0.187") diameter) is press fit and wound onto
one winding form, around the housing 64A1 of inductor
64A and around the second winding form. Sufficient
length is left at the ends to extend through fittings in the
compression head sheet metal cover such that no cool-
ing tubing joints exist within the chassis.
[0086] The inductor 64A comprises a dovetail groove
as shown at 64A2 similar to that used in the water-
cooled commutator first stage reactor housing. This
housing is much the same as previous air-cooled ver-
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sions with the exception of the dovetail groove. The cop-
per cooling-water tubing is press fit into this groove in
order to make a good thermal connection between the
housing and the cooling-water tubing. Thermally con-
ductive compound is also added to minimize the thermal
impedance. The reactor design itself has been previous-
ly described in the section on "Faster Risetime".
[0087] The electrical design of inductor 64A is
changed slightly from that of 64 shown in FIGS 8A and
8B. Inductor 64A provides only two loops (instead of five
loops) as around magnetic core 64A3 which is com-
prised of four coils of tape (instead of three).
[0088] As a result of this water-cooled tubing conduc-
tive path from the output potential to ground, the bias
current circuit is now slightly different. As before, bias
current is supplied by a dc-dc converter in the commu-
tator through a cable into the compression head. The
current passes through the "positive" bias inductor LB2
and is connected to the Cp-1 voltage node. The current
then splits with a portion returning to the commutator
through the HV cable (passing through the transformer
secondary to ground and back to the dc-dc converter).
The other portion passes through the compression head
reactor Lp-1 (to bias the magnetic switch) and then
through the cooling-water tubing "negative" bias induc-
tor LB3 and back to ground and the dc-dc converter. By
balancing the resistance in each leg, the designer is able
to ensure that sufficient bias current is available for both
the compression head reactor and the commutator
transformer.
[0089] The "positive" bias inductor LB2 is made very
similarly to the "negative" bias inductor LB3. In this case,
the same ferrite bars and blocks are used as a magnetic
core. However, two 3.18 mm, (0.125") thick plastic spac-
ers are used to create an air gap in the magnetic circuit
so that the cores do not saturate with the dc current.
Instead of winding the inductor with cooling-water tub-
ing, 18 AWG teflon wire is wound around the forms.
[0090] Persons skilled in the art will recognize that
many other embodiments of the present invention are
possible based on the teachings expressed in the above
disclosure. Therefore, the reader should determine the
scope of the present invention by the appended claims
and their legal equivalents.

Claims

1. A high pulse rate power source providing pulse
power to a pair of electrodes comprising:

A. a pulse generating circuit, comprising:

1) a charging capacitor (42) for storing a
charge at voltages in excess of 600 volts,

2) a solid state switch (46), and

3) a current limiting inductor (48) for gen-
erating electrical pulses with electrical en-
ergy in excess of 3 Joules and with peak
voltages in excess of 600 volts;

B. at least two pulse compression circuits (61,
65), defining a first compression circuit (61)
providing a first pulse compression and a sec-
ond compression circuit (65) providing a sec-
ond pulse compression, each compression cir-
cuit comprising a bank of capacitors, said first
pulse compression circuit comprising a first sat-
urable inductor (54A) and said second pulse
compression circuit comprising a second satu-
rable inductor (64A) having less than 6 turns;

C. step-up pulse transformer (56) for increasing
the peak voltage of the electrical pulses to at
least 12,000 volts, said pulse transformer com-
prising a plurality of electrically parallel primary
windings and a secondary winding comprising
at least one substantially straight conductor;

D. a very fast regulated power supply (20) for
charging said charging capacitor (42) with at
least 3 Joules of electrical energy at voltages
of at least 600 volts, in less than 400 microsec-
onds, and

E. a very fast control system (100) comprising
a processor (102) for controlling the charging
of said charging capacitor to an accuracy of
less than one percent at a rate at least 2,000
charges per second

characterized in that
said first saturable inductor is liquid cooled, and
said second saturable indicator is liquid cooled and
comprises cooling lines configured to inductively
isolate a housing of said second saturable indicator
from ground potential.

2. A pulse power source as in claim 1, wherein said
second saturable inductor in said second pulse
compression circuit (64A) comprises less than
three turns.

3. A pulse power source as in claim 1 wherein said
second pulse compression circuit comprises a sin-
gle bank of peaking capacitors(Cp).

4. A pulse power source as in claim 1 wherein said
second pulse compression circuit comprises two
separate banks of capacitors (Cp1, Cp2) and each
bank is isolated from said electrodes by an induct-
ance (Lp1, Lp2).

5. A pulse power source as in claim 4 wherein said
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inductance is provided by a single saturable indica-
tor.

6. A pulse power source as in claim 1, wherein said
second compression circuit comprises two sepa-
rate banks of capacitors (Cp1, Cp2), one of said
banks of capacitors (Cp1) being separated from said
electrodes by a third saturable inductor (Lp1), the
other of said banks of capacitors being connected
in parallel with said electrodes.

7. A pulse power source as in claim 1, wherein said
step-up transformer (56) is a part of said first com-
pression circuit.

8. A pulse power source as in claim 1, wherein said
transformer secondary winding is one equivalent
turn composed of up to four straight rods electrically
connected in series, in order to minimize the induct-
ance in the circuit and allow for fast output risetimes.

9. A pulse power source as in claim 1, wherein said
plurality of primary windings is at least 20 primary
windings.

10. A pulse power source as in claim 1, wherein said
regulated power supply comprises a shunt bleed-
down circuit comprising a switch and a resistor for
bleeding down to voltage on said charging capacitor
to a desired control voltage to obtain good voltage
regulation.

11. An electric discharge laser comprising a pulse pow-
er source as in claim 1, wherein said pulse power
source furnishes electrical pulses to generate dis-
charges between electrodes (82, 84) of said laser
to generate laser pulses, each pulse defining a
pulse energy.

12. An electric discharge laser as in claim 11, further
comprising a pulse energy monitor for monitoring
energy of said laser pulses.

13. An electric discharge laser as in claim 12, wherein
said processor for controlling the charging of said
charging capacitor is programmed with an algo-
rithm for calculating a control voltage for a pulse on
the basis of pulse energy of at least one previous
pulse.

14. An electric discharge laser as in claim 13, wherein
said at least one previous pulse comprises all the
pulses in a burst of pulses.

15. An electric discharge laser as in claim 14, wherein
said at least one pulse also includes pulses in ear-
lier bursts.

16. A pulse power source as in claim 1, wherein said at
least two compression circuits is two compression
circuits and the capacitor in said second compres-
sion circuit is a peaking capacitor.

17. A pulse power source as in claim 1, wherein said
pulse generating circuit, said compression circuits
(61, 65), said pulse transformer and said power
supply are fabricated into modules comprising com-
ponents of an electric discharge laser system defin-
ing said two electrodes.

18. A pulse power source as in claim 17, wherein said
laser system is an excimer laser system.

19. A pulse power system as in claim 18, wherein said
excimer laser system is a KrF laser system.

20. A pulse power system as in claim 19, wherein said
modules are forced air cooled and oil is minimized
to those sub-assemblies where it is required for
thermal management and/or voltage insulation.

21. A pulse power system as in claim 20, wherein said
saturable inductors are immersed in transformer oil
defining an oil level contained in a pot type container
having at least one seal junction (308), wherein said
oil level is below all of said at least one seal junction
(308).

22. A pulse power system as in claim 1, wherein at least
one of said saturable inductors comprises at least
one flux excluding piece (301, 302, 303, 304) in or-
der to minimize the saturated inductance of the in-
ductor.

23. A pulse power system as claim 1, wherein said ca-
pacitors and inductors are connected electrically
using copper clad printed circuit boards and bolts
for connecting the capacitors and inductors to the
printed circuit boards.

24. A pulse power system as in claim 17, wherein one
of said two electrodes is connected to a ground and
said pulse power system provides a negative high
voltage to the other of said two electrodes.

25. A pulse power system as in claim 17, wherein one
of said two electrodes is connected to a ground and
said pulse power system provides a positive high
voltage to the other of said two electrodes.

26. A pulse power system as in claim 17, wherein said
pulse generating circuit is a first pulse generating
circuit for generating negative pulses and further
comprising a second pulse generating circuit for
generating positive pulses, wherein said first pulse
generating circuit and said second pulse generating
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circuit are controlled to produce alternating pulses
to produce bipolar operation of the electric dis-
charge laser.

27. A pulse power system as in claim 18, wherein said
excimer laser system is an ArF laser system.

28. A pulse power system as in claim 1, wherein the
connections between the compression head and la-
ser chamber are made using a finger stock type ma-
terial in order to facilitate quick, easy module instal-
lation and removal and to reduce the alignment tol-
erances requires for correct attachment.

29. A pulse power system as in claim 1, wherein the
very fast regulating power supply is replaced by a
dc power supply and resonant charging unit.

30. A pulse power system as in claim 17, wherein said
laser system is a molecular F2 laser system.

31. A pulse power system as in claim 6, wherein said
third saturable inductor is adapted to block a leak-
age voltage.

32. A pulse power system as in claim 1, wherein water
cooling is used to directly cool the components
which dissipate the majority of the heat within the
module.

33. A pulse power system as in claim 32, wherein the
water-cooling tubing has no joints or connections
within the module that could leak.

34. A pulse power system as in claim 32, wherein water
cooling is used to directly cool components which
operate at high pulsed potentials from ground by uti-
lizing inductive isolation.

Patentansprüche

1. Leistungsquelle mit hoher Pulsrate zur Bereitstel-
lung einer Pulsleistung für ein Elektrodenpaar, mit:

A. einer Pulserzeugungsschaltung mit:

1) einem Ladekondensator (42) zum Spei-
chern einer Ladung bei Spannungen über
600 Volt,

2) einem Halbleiterschalter (46), und

3) einer Strombegrenzungsinduktivität
(48) zum Erzeugen elektrischer Pulse mit
elektrischer Energie über 3 Joule und mit
Spitzenspannungen über 600 Volt;

B. mindestens zwei Pulskompressionsschal-
tungen (61, 65), die eine erste Kompressions-
schaltung (61, die eine erste Pulskompression
liefert, und eine zweite Kompressionsschaltung
(65), die eine zweite Pulskompression liefert,
definieren, wobei jede Kompressionsschaltung
eine Kondensatorbank aufweist, wobei die er-
ste Pulskompressionsschaltung eine erste sät-
tigbare Induktivität (54a) und wobei die zweite
Pulskompressionsschaltung eine zweite sättig-
bare Induktivität (64a) mit weniger als 6 Win-
dungen aufweist;

C. einem Hochsetzpulstransformator (56) zum
Erhöhen der Spitzenspannung der elektrischen
Pulse auf mindestens 12000 Volt, wobei der
Pulstransformator mehrere elektrisch parallele
Primärwicklungen und eine Sekundärwicklung
mit mindestens einem im Wesentlichen gera-
den Leiter aufweist;

D. einer sehr schnellen geregelten Leistungs-
versorgung (20) zum Laden des Ladekonden-
sators (42) mit mindestens 3 Joule elektrischer
Energie bei Spannungen von mindestens 600
Volt und weniger als 400 Mikrosekunden, und

E. einem sehr schnellen Steuersystem (100)
mit einem Prozessor (102) zum Steuern des
Ladens des Ladekondensators mit einer Ge-
nauigkeitsabweichung von weniger als 1% bei
einer Rate von mindestens 2000 Ladungen pro
Sekunde

dadurch gekennzeichnet, dass
die erste sättigbare Induktivität flüssigkeitsgekühlt
ist, und
die zweite sättigbare Induktivität flüssigkeitsgekühlt
ist und Kühlleitungen aufweist, die ausgebildet sind,
ein Gehäuse der zweiten sättigbaren Induktivität in-
duktiv vom Massepotential zu isolieren.

2. Pulsleistungsquelle nach Anspruch 1, wobei die
zweite sättigbare Induktivität in der zweiten Puls-
kompressionsschaltung (54a) weniger als drei Win-
dungen aufweist.

3. Pufsleistungsquelle nach Anspruch 1, wobei die
zweite Pulskompressionsschaltung eine einzelne
Bank aus Spitzenkondensatoren (Cp) aufweist.

4. Pulsleistungsquelle nach Anspruch 1, wobei die
zweite Pulskompressionsschaltung zwei separate
Kondensatorbänke (Cp1, Cp2) aufweist und wobei
jede Bank von den Elektroden mittels einer Induk-
tivität (Lp1, Lp2) getrennt ist.

5. Pulsleistungsquelle nach Anspruch 4, wobei die In-
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duktivität durch eine einzelne sättigbare Induktivität
bereitgestellt wird.

6. Pulsleistungsquelle nach Anspruch 1, wobei die
zweite Kompressionsschaltung zwei separate Kon-
densatorbänke (Cp1, Cp2) aufweist, wobei eine der
Kondensatorbänke (Cp1) von den Elektroden durch
eine dritte sättigbare Induktivität (Lp1) getrennt ist
und wobei die andere der Kondensatorbänke par-
allel zu den Elektroden angeschlossen ist.

7. Pulsleistungsquelle nach Anspruch 1, wobei der
Hochsetztransformator (56) ein Teil der ersten
Kompressionsschaltung ist.

8. Pulsleistungsquelle nach Anspruch 1, wobei die
Transformatorsekundärwicklung äquivalent zu ei-
ner Windung ist, die aus bis zu vier geraden Stäben
zusammengesetzt ist, die elektrisch in Reihe ge-
schaltet sind, um die Induktivität in der Schaltung
zu minimieren und um schnelle Ausgangsanstiegs-
zeiten zu ermöglichen.

9. Pulsleistungsquelle nach Anspruch 1, wobei die
mehreren Primärwicklungen mindestens 20 Pri-
märwicklungen enthalten.

10. Pulsleitungsquelle nach Anspruch 1, wobei die ge-
regelte Leistungsversorgung eine Parallelentlade-
schaltung aufweist, die einen Schalter und einen
Widerstand enthält, um die Spannung an dem La-
dekondensator auf eine gewünschte Steuerspan-
nung abzusenken, um eine gute Spannungsregu-
lierung zu erreichen.

11. Elektrischer Entladungslaser mit einer Pulslei-
stungsquelie nach Anspruch 1, wobei die Pulslei-
stungsquelle elektrische Pulse bereitstellt, um Ent-
ladungen zwischen Elektroden (82, 84) des Lasers
zur Erzeugung von Laserpulsen zu erzeugen, wo-
bei jeder Puls eine Pulsenergie definiert.

12. Elektrischer Entladungslaser nach Anspruch 11,
der ferner einen Pulsenergiemonitor zum Überwa-
chen der Energie der Laserpulse umfasst.

13. Elektrischer Entladungslaser nach Anspruch 12,
wobei der Prozessor für das Steuern des Ladens
des Ladekondensators mit einem Algorithmus zum
Berechnen einer Steuerspannung für einen Puls
auf der Grundlage der Pulsenergie mindestens ei-
nes vorhergehenden Pulses programmiert ist.

14. Elektrischer Entladungslaser nach Anspruch 13,
wobei der mindestens eine vorhergehende Puls al-
le Pulse einer Pulssequenz umfasst.

15. Elektrischer Entladungslaser nach Anspruch 14,

wobei der mindestens eine Puls ferner Pulse von
früheren Sequenzen enthält.

16. Pulsleistungsquelle nach Anspruch 1, wobei die
mindestens zwei Kompressionsschaltungen zwei
Kompressionsschaltungen sind und der Kondensa-
tor in der zweiten Kompressionsschaltung ein Spit-
zenkondensator ist.

17. Pulsleistungsquelle nach Anspruch 1, wobei die
Pulserzeugungsschaltung, die Kompressions-
schaltungen (61, 65), der Pulstransformator und die
Leistungsversorgung als Module hergestellt sind
und Komponenten eines elektrischen Entladungs-
lasersystems, das zwei Elektroden definiert, bilden.

18. Pulsleistungsquelle nach Anspruch 17, wobei das
Lasersystem ein Excimerlasersystem ist.

19. Pulsleistungssystem nach Anspruch 18, wobei der
Excimerlaser ein KrF-Lasersystem ist.

20. Pulsleistungssystem nach Anspruch 19, wobei die
Module durch Luft zwangsgekühlt sind und ÖI nur
zu jenen Unterbaugruppen zugeführt wird, in denen
es für die Temperaturverteilung und/oder die Span-
nungsisolierung erforderlich ist.

21. Pulsleistungssystem nach Anspruch 20; wobei die
sättigbaren Induktivitäten in ein Transformatoröl
eingetaucht sind, das einen Ölpegel in einem topf-
ähnlichen Behälter definiert mit mindestens einem
Dichtübergang (308), wobei der Ölpegel unterhalb
des mindestens einen Dichtübergangs 308 liegt.

22. Pulsleistungssystem nach Anspruch 1, wobei min-
destens eine der sättigbaren Induktivitäten minde-
stens einen Bereich ohne Fluss (301, 302, 303,
304) aufweist, um den gesättigten Induktivitätswert
der Induktivität zu minimieren.

23. Pulsleistungssystem nach Anspruch 1, wobei die
Kondensatoren und die Induktivitäten elektrisch
verbunden sind unter Verwendung von kupferbe-
schichteten Leiterplatten und Bolzen zur Verbin-
dung der Kondensatoren und Induktivitäten mit den
Leiterplatten.

24. Pulsleistungssystem nach Anspruch 17, wobei eine
der beiden Elektroden mit Masse verbunden ist und
das Pulsleistungssystem eine negative Hochspan-
nung der anderen der beiden Elektroden zuleitet.

25. Pulsleistungssystem nach Anspruch 17, wobei eine
der beiden Elektroden mit Masse verbunden ist und
das Pulsleistungssystem eine positive Hochspan-
nung der anderen der beiden Elektroden zuleitet.
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26. Pulsleistungssystem nach Anspruch 17, wobei die
Pulserzeugungsschaltung eine erste Pulserzeu-
gungsschaltung zum Erzeugen negativer Pulse und
ferner eine zweite Pulserzeugungsschaltung zum
Erzeugen positiver Pulse umfasst, wobei die erste
Pulserzeugungsschaltung und die zweite Pulser-
zeugungsschaltung so gesteuert sind, um abwech-
selnd Pulse zu erzeugen, um einen bipolaren Be-
trieb des elektrischen Enttadungslasers zu bewir-
ken.

27. Pulsleistungssystem nach Anspruch 18, wobei das
Excimerlasersystem ein ArF-Lasersystem ist.

28. Pulsleistungssystem nach Anspruch 1, wobei die
Verbindungen zwischen der Kompressionsschal-
tung und einer Laserkammer unter Verwendung ei-
nes stabartigen Materials gebildet sind, um eine
schnelle und einfache Modulinstallation und Ent-
kopplung zu ermöglichen und um die Justiertole-
ranzanforderungen für eine korrekte Befestigung
zu verringern.

29. Pulsleistungssystem nach Anspruch 1, wobei die
sehr schnelle geregelte Leistungsversorgung durch
eine Gleichspannungsleistungsversorgung und ei-
ne resonante Ladeeinheit ersetzt ist.

30. Pulsleistungssystem nach Anspruch 17, wobei das
Lasersystem ein modulares F2-Lasersystem ist.

31. Pulsleistungssystem nach Anspruch 6, wobei die
dritte sättigbare Induktivität so ausgebildet ist, um
eine Leckspannung abzublocken.

32. Pulsleistungssystem nach Anspruch 1, wobei Was-
serkühlung verwendet ist, um die Komponenten di-
rekt zu kühlen, die den Hauptanteil der Wärme in-
nerhalb der Module aufnehmen.

33. Pulsleistungssystem nach Anspruch 32, wobei die
Wasserkühlungsröhre keine Verbindungsstellun-
gen oder Verbindungen, die lecken könnten, inner-
halb der Module aufweist.

34. Pulsleistungssystem nach Anspruch 32, wobei
Wasserkühlung verwendet wird, um direkt Kompo-
nenten zu kühlen, die bei hohen gepulsten Poten-
tialen in Bezug auf Masse unter Verwendung einer
induktiven Isolation arbeiten.

Revendications

1. Source d'alimentation en énergie à taux d'impul-
sions élevé fournissant de l'énergie impulsionnelle
à une paire d'électrodes, comportant:

A. un circuit générateur d'impulsions, compor-
tant:

1) un condensateur de charge (42) pour
stocker une charge à des tensions supé-
rieures à 600 volts;
2) un commutateur à l'état solide (46); et
3) une bobine d'inductance limitrice de
courant (48) pour générer des impulsions
électriques ayant une énergie électrique
supérieure à 3 joules et ayant des tensions
de crête supérieures à 600 volts;

B. au moins deux circuits de compression d'im-
pulsions (61, 65), définissant un premier circuit
de compression (61) assurant une première
compression d'impulsion et un second circuit
de compression (65) assurant une seconde
compression d'impulsion, chaque circuit de
compression comportant une batterie de con-
densateurs, ledit premier circuit de compres-
sion d'impulsions comportant une première bo-
bine d'inductance saturable (54A) et ledit se-
cond circuit de compression d'impulsions com-
portant une seconde bobine d'inductance satu-
rable (64A) ayant moins de 6 spires;
C. un transformateur d'impulsions élévateur
(56) pour augmenter la tension de crête des im-
pulsions électriques jusqu'à au moins 12 000
volts, ledit transformateur d'impulsions com-
portant une multiplicité d'enroulements primai-
res parallèles électriquement et un enroule-
ment secondaire comportant au moins un con-
ducteur sensiblement droit;
D. une source d'alimentation en énergie régu-
lée '(20) très rapide pour charger ledit conden-
sateur de charge (42) avec au moins 3 joules
d'énergie électrique à des tensions d'au moins
600 volts, en moins de 400 microsecondes; et
E. un système de commande (100) très rapide,
comportant un processeur (102) pour comman-
der la charge dudit condensateur de charge
avec une précision meilleure que un pour cent
à raison d'au moins 2 000 charges par secon-
de,

caractérisée en ce que:

ladite première bobine d'inductance saturable
est refroidie par liquide; et
ladite seconde bobine d'inductance saturable
est refroidie par liquide et comporte des con-
duits de refroidissement configurés pour isoler
de façon inductive un boîtier de ladite seconde
bobine d'inductance saturable par rapport au
potentiel de la masse.

2. Source d'alimentation en énergie impulsionnelle
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selon la revendication 1, dans laquelle ladite secon-
de bobine d'inductance saturable dudit second cir-
cuit de compression d'impulsions (64A) comporte
moins de trois spires.

3. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle ledit second
circuit de compression d'impulsions comporte une
seule batterie de condensateurs de correction (Cp).

4. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle ledit second
circuit de compression d'impulsions comporte deux
batteries séparées de condensateurs (Cp1, Cp2) et
chaque batterie est isolée desdites électrodes par
une bobine d'inductance (Lp1, Lp2).

5. Source d'alimentation en énergie impulsionnelle
selon la revendication 4, dans laquelle ladite bobine
d'inductance est constituée d'une seule bobine d'in-
ductance saturable.

6. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle ledit second
circuit de compression comporte deux batteries sé-
parées de condensateurs (Cp1, Cp1), l'une desdites
batteries de condensateurs (Cp1) étant séparée
desdites électrodes par une troisième bobine d'in-
ductance saturable (Lp1), l'autre desdites batteries
de condensateurs étant reliée en parallèle avec les-
dites électrodes.

7. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle ledit trans-
formateur élévateur (56) fait partie dudit premier cir-
cuit de compression.

8. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle ledit enrou-
lement secondaire dudit transformateur est une spi-
re équivalente constituée de jusqu'à quatre tiges
droites reliées électriquement en série, afin de ré-
duire au minimum l'inductance présente dans le cir-
cuit et de tenir compte de temps de montées courts.

9. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle ladite multi-
plicité d'enroulements primaires est constituée d'au
moins 20 enroulements primaires.

10. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle ladite source
d'alimentation en énergie régulée comporte un cir-
cuit dérivé de réduction de tension comprenant un
interrupteur et une résistance pour réduire la ten-
sion présente au niveau dudit condensateur de
charge jusqu'à une tension de commande souhai-
tée afin d'obtenir une bonne régulation de la ten-

sion.

11. Laser à décharges électriques, comportant une
source d'alimentation en énergie impulsionnelle se-
lon la revendication 1, dans lequel ladite source
d'alimentation en énergie impulsionnelle fournit des
impulsions électriques pour générer des décharges
entre des électrodes (82, 84) dudit laser afin de gé-
nérer des impulsions laser, chaque impulsion défi-
nissant une énergie impulsionnelle.

12. Laser à décharges électriques selon la revendica-
tion 11, comportant, en outre, un moniteur d'énergie
impulsionnelle pour contrôler l'énergie desdites im-
pulsions laser.

13. Laser à décharges électriques selon la revendica-
tion 12, dans lequel ledit processeur pour comman-
der la charge dudit condensateur de charge est pro-
grammé avec un algorithme servant à calculer une
tension de commande pour une impulsion sur la ba-
se de l'énergie impulsionnelle d'au moins une im-
pulsion précédente.

14. Laser à décharges électriques selon la revendica-
tion 13, dans lequel ladite impulsion précédente au
nombre d'au moins une comporte toutes les impul-
sions d'une salve d'impulsions.

15. Laser à décharges électriques selon la revendica-
tion 14, dans lequel ladite impulsion au nombre d'au
moins une comprend également des impulsions de
salves antérieures.

16. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle lesdits cir-
cuits de compression au nombre d'au moins deux
sont constitués de deux circuits de compression, et
le condensateur dudit second circuit de compres-
sion est un condensateur de correction.

17. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle lesdits cir-
cuits de compression (61, 65), ledit transformateur
d'impulsions et ladite source d'alimentation en
énergie sont fabriqués de façon à former des mo-
dules comportant des composants d'un système la-
ser à décharges électriques définissant lesdites
deux électrodes.

18. Source d'alimentation en énergie impulsionnelle
selon la revendication 17, dans laquelle ledit systè-
me laser est un système à laser excimère.

19. Source d'alimentation en énergie impulsionnelle
selon la revendication 18, dans laquelle ledit systè-
me à laser excimère est un système à laser KrF.
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20. Source d'alimentation en énergie impulsionnelle
selon la revendication 19, dans laquelle lesdits mo-
dules sont à refroidissement forcé par air, et la
quantité d'huile fournie aux sous-ensembles dans
lesquels elle est nécessaire à la gestion thermique
et/ou à l'isolement de tension est réduite au mini-
mum.

21. Source d'alimentation en énergie impulsionnelle
selon la revendication 20, dans laquelle lesdites bo-
bines d'inductance saturables sont plongées dans
de l'huile pour transformateurs définissant un ni-
veau d'huile contenue dans un récipient de type pot
comportant au moins un joint d'étanchéité (308), le-
dit niveau d'huile se situant en dessous de tous les
joints d'étanchéité (308) au nombre d'au moins un.

22. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle au moins
une desdites bobines d'inductance saturables com-
porte au moins une partie d'exclusion de flux (301,
302, 303, 304) afin de réduire au minimum l'induc-
tance saturée de la bobine d'inductance.

23. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle lesdits con-
densateurs et lesdites bobines d'inductance sont
reliés électriquement au moyen de cartes à circuits
imprimés revêtues de cuivre, et de boulons desti-
nés à attacher les condensateurs et les bobines
d'inductance aux cartes à circuits imprimés.

24. Source d'alimentation en énergie impulsionnelle
selon la revendication 17, dans laquelle l'une des-
dites deux électrodes est reliée à une masse, et la-
dite source d'alimentation en énergie impulsionnel-
le fournit une tension négative élevée à l'autre des-
dites deux électrodes.

25. Source d'alimentation en énergie impulsionnelle
selon la revendication 17, dans laquelle l'une des-
dites deux électrodes est reliée à une masse et la-
dite source d'alimentation en énergie impulsionnel-
le fournit une tension positive élevée à l'autre des-
dites deux électrodes.

26. Source d'alimentation en énergie impulsionnelle
selon la revendication 17, dans laquelle ledit circuit
générateur d'impulsions est un premier circuit gé-
nérateur d'impulsions pour générer des impulsions
négatives, et comportant, en outre, un second cir-
cuit générateur d'impulsions pour générer des im-
pulsions positives, ledit premier circuit générateur
d'impulsions et ledit second circuit générateur d'im-
pulsions étant commandés de façon à engendrer
des impulsions alternatives pour produire un fonc-
tionnement bipolaire du laser à décharges électri-
ques.

27. Source d'alimentation en énergie impulsionnelle
selon la revendication 18, dans laquelle ledit systè-
me à laser excimère est un système à laser ArF.

28. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle les raccor-
dements entre la tête de compression et la chambre
laser sont réalisés en utilisant une matière de type
"finger stock" afin de faciliter l'installation et le retrait
rapides et simples des modules et de réduire les
tolérances d'alignement nécessaires à un raccor-
dement correct.

29. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle la source
d'alimentation en énergie régulée très rapide est
remplacée par une source d'alimentation en cou-
rant continu et une unité de charge résonante.

30. Source d'alimentation en énergie impulsionnelle
selon la revendication 17, dans laquelle ledit systè-
me laser est un système à laser F2 moléculaire.

31. Source d'alimentation en énergie impulsionnelle
selon la revendication 6, dans laquelle ladite troi-
sième bobine d'inductance saturable est adaptée
pour bloquer une tension de fuite.

32. Source d'alimentation en énergie impulsionnelle
selon la revendication 1, dans laquelle le refroidis-
sement par eau est utilisé pour refroidir directement
les composants qui dissipent la plupart de la cha-
leur à l'intérieur du module.

33. Source d'alimentation en énergie impulsionnelle
selon la revendication 32, dans laquelle les tubes
de refroidissement par eau ne présentent ni joints
ni raccordements susceptibles de fuir à l'intérieur
du module.

34. Source d'alimentation en énergie impulsionnelle
selon la revendication 32, dans laquelle le refroidis-
sement par eau est utilisé pour refroidir directement
les composants qui fonctionnent à des potentiels
pulsés élevés par rapport à la masse en utilisant
une isolation inductive.
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