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Performance Characterization for an Excimer Laser
Solid-State Pulsed Power Module (SSPPM) After
20B Shots
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Abstract—An experiment has been designed to characterize a
solid-state puised power module (SSPPM) during the initial man-
ufacturing cycle and then repeat the same characterization mea-
surements after the module has gone through several sequences
of 10B shots of normal operation in an excimer laser. The goal of
such an experiment is to determine what, if any, degradation oc-
curs during these extended periods and to assist in the development
of expected module lifetimes that can then be used. to estimate the
cost of operation of the overall excimer laser. Initial component and
subassembly measurements include the capacitance and Q of en-
ergy storage capacitors; the inductance and Q of bias, charging,
and energy recovery inductors; the B-H characteristics of mag-
' netic cores; insulation breakdown strength; connection resistance;

and the general physical appearance of the unit. Operational mea-

surements also compare the efﬁcxency of each pulse compression
. stage, the repeatability and accuracy of diagnostics, thermal man-
i agement parameters, and the recovery and on-state characteristics
of the silicon-conirolled rectifiers (SCRs) and diodes. Each of these
items is monitored before testing and after each sequence of 10B
shots has been completed. Results of the experrment are described.

Index Terms—Excimer laser, life testing, magnetic pulse com-
pression, magnetic switch, modulator, solid state switch.

I. INTRODUCTION

HE application of semiconductor photolithography places

a large burden on the excimer laser and, in turn, the solid-
state pulsed power module (SSPPM) to possess a long lifetime
and high reliability. Cost of ownership (CoO) is becoming more
and more important to the end-user chipmakers. Because un-
scheduled downtime can cost the chip fabrication plant signif-
icant amounts of money, it is desirable to have an essentially
infinite lifetime for the SSPPM. In reality, the lifetime goals are
~35 years or ~25B shots because that is the expected lifetime of
the overall steppet/scanner equipment.

Confirming actual lifetimes of SSPPM components is there-
fore an important, yet difficult, project. If the laser is allowed to
run at its maximum rep rate of 1 kHz and 100% duty cycle con-
tinuously 24 hours a day and 7 days a week, it would still take
289 days to accumulate 25B shots. CYMER is therefore taking
multiple approaches to generating data that can help predict
the lifetime, reliability, and robustness of the current SSPPM.
This includes normal life testing, highly accelerated life testing
(HALT), and several additional experiments. One of these ex-
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periments was. designed to identify any potential characteristics
that change over the life of the module. An SSPPM was care-
fully characterized during the initial production and testing and
then run in a laser for several series of 10B shot runs. These
measurements exceeded the standard module performance ver-
ification tests that are done in normal production. At the end of
each 10B shot increment, the same characterization process was
conducted to see what parameters might have degraded. The re-
mainder of this paper describes the test and the results.

~ The initial thrust is concentrating on the first generation
SSPPM design. Over 1100 have been produced at CYMER
(San Diego, CA) since 1996, and they have been used in the
4000F and 5000 series excimer lasers since then [1], [2]. A
simplified schematic diagram of the electrical power circuit is
shown in Fig. 1. A capacitor charging HVPS initially charges
up the - CO capacitance to a voltage up to 1000 V. Silicon-con-
trolled rectifier (SCR) switches then resonantly charge C1 from
CO. Three stages of magnetic pulse compression and a pulse
transformer are then used to convert the initial 10-us pulse
into the ~15-20 kV, 150-ns rise-time pulse that is applied to
the laser chamber and peaking capacitance (Cp). The power
system is split into three modules: a HVPS, the commutator
(containing the start circuit and first compression stage and
pulse transformer) and the compression head (containing the
last two stages of pulse compression).

Typical lifetime limiters for the SSPPM might include bulk
dielectric breakdown, insulator surface tracking (flashover),
thermal management, thermal cycling leading to mechanical
fatigue, mechanical stress due to high magnetic fields, ozone,
component infant mortality, and assembly errors. Of the ~1100
units produced to date, failure modes have been almost exclu-
sively related to these last two issues. As a result, we believe
that no real lifetime failures have been seen to date.

Specific examples of areas to examine during this test in-
cluded loss of insulation voltage breakdown strength (i.e., in-
crease in capacitance associated with self-healing film capaci-
tors or a decrease in insulation fluid breakdown strength) or an
increase in losses (i.e., increase in capacitor dissipation factor
or connection resistance).

II. INITIAL 10B SHOT LIFE TEST

~ Initial assembly and characterization of the SSPPM compo-
nents and subassemblies began in January 1999. System mea-
surements in the laser were then conducted, and the initial 10B
shot life testing began on February 4. In order to extend the life-
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Fig. 1. Schematic diagram of SSPPM with HVPS and laser chamber,

times of other modules (optics and chamber), the laser was run
in a broadband, constant energy mode. In this case, the energy
target was adjusted to ensure that the operating voltage of the

SSPPM was kept in the range of 700-800 V over the entire life

test. This is somewhat higher than the typical average operating
voltage because the normal operating range is from ~550 to 750
V as the laser chamber ages due to electrode wear. The life test
duty cycle of 100% also exceeded the typical value of ~70%.

With the exception of chamber gas refills (~10 minutes
in duration) twice a week and two periods of several hours
where the facility ac power was shut down, the SSPPM ran
continuously (~100% uptime) from February until June 4,
with 10.086B shots accumulated. At that time, the on-laser
measurements were repéated and the SSPPM was then disas-
sembled, inspected, and recharacterized at the component and
subassembly level.

Test equipment used during this experiment included a
Walker Scientific (Worcester, MA) Hysteresisgraph, a Stan-
ford Research (Sunnyvale, CA) LCR Meter, ‘a Hipotronics
(Brewster, NY) 100 A Micro-Ohm Meter, a Hipotronics
Liquid Dielectric Insulation Tester, Tektronix (Beaverton, OR)
1000:1, 100: 1, and Differential Voltage Probes, and Pearson
Electronics (Palo Alto, CA) Current Transformers.

III. SSPPM SYSTEM MEASUREMENTS

System level measurements primarily concentrated on com-
paring the output voltage of the SSPPM, Vcp, against the input
charging voltage of the SSPPM, VCO0, in order to estimate the
transfer efficiency before and after the 10B shots. As can be seen
in Fig. 2, the pre and post-10B shot transfer functions overlay
within the measurement accuracy of ~5%.

Iv. COT]MUTATOR MEASUREMENTS

As described previously, the commutator module contains
the energy recover circuit (ER diode and ER inductor), CO and
C1 capacitor banks, SCRs, charge inductor, first-stage reactor
and bias inductor, pul‘se transformer, and contro] circuitry. Crit-
ical parameters were tneasured for each component, including
the capacitance, indu fance, resistance, dissipation factor, Q,
and B-H Hysteresis information for magnetic materials. Insu-
lation fluid breakdown strength and chemical analysis was also
performed. Results of the bench testing showed that no crit-
ical component had changed within the accuracy of the mea-
surements. Physical examination further showed that no ero-
sion or corrosion had occurred within the commutator, as noted
in Table T below. Capacitance measurements in this case are
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Fig.2.  Vcp versus VCO (SSPPM transfer function) data before and after 10B
shot testing,

TABLE I
COMMUTATOR BENCH MEASUREMENT SUMMARY
Module Visuat Inspection No Visible Degradation

C0 [Capacitance] -0.2%

C1 {Capacitance] -0.05%

ER Inductor[ Inductance] +0.14%
Bias Inductor [Inductance] -0.96%

HV Connector [Resistance] + 1.05%
Pulse XFMR Core [Bm] +0.4%
"Pulse XFMR Core [Hc] +1.2%
Chrg. Inductor Core [Bm] -0.4%
Chrg. Inductor Core [Hc] -0.9%
1" Stage reactor core [Bm] +0.5%
1* Stage reactor core [Hc] _+0.03%

lumped measurements of an array of individual components
used for each bank. Core measurements are an average of sam-
pled core data,

Numerous oscilloscope ‘waveforms were also taken, both
prior to and after 10B shots, at critical points internal to the
commutator while operating in the laser. These oscilloscope
data were then analyzed to see if any changes in performance
had occurred. Voltage waveforms were taken at each critical
energy storage node: CO, Cl, and C2 (XFMR primary) with
a.calibrated Tektronix voltage probe.. Current waveforms for
the energy transfer from CO to C1 as well as C to C2 (XFMR
primary) were also taken with a calibrated Pearson current
transformer. All of these voltage and current waveforms were
taken at multiple charge voltage levels over th :
operating range.

€ entire normal

i




" '
/] —— VCOInit

/ -------- VCOPost |

o
=

e
o

@
¥}

Amplitude (Arb Units)
=)
o

. B /v. oS
0.0 L"

0.0 02 0.4 0.6 0.8 1.0
Time (Arb Units)

Fig. 3. VCO voltage waveform data before and after 10B shot testing.
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Fig. 4. VC1 and ICO-1 waveform data before and after 10B shot testing.

Figs. 3 and 4 show representative oscilloscope data taken be-
fore and after the 10B shot experiment. Fig. 3 shows VCO before
and after the 10B shots. Fig. 4 shows VC1 along with the cur-
rent waveform for this energy transfer. '

. Fig. 5 shows the B-H curves for the four magnetic cores that
make up the first-stage reactor with the initial data overlaid on
top of the data taken after 10B shots.

Examination of the comprehensive oscilloscope data taken
for this experiment further confirms that no measurable degra-
dation ‘in performance has occurred within the commutator
during the 10B shot experiment. '

V. COMPRESSION HEAD MEASUREMENTS

The compression head consists of two magnetic pulse com-
pression stages (C2, C3, and third-stage and output stage reac-
tors) and the associated bias circuit. The components are sub-
merged in dielectric cooling fluid to assist in proper thermal

management. Fig. 1-shows the location of these components in-

the overall power system schematic. The reader should note that
the compression head bias inductors and HV connectors have
been omitted for clarity. ,

As with the commutator, each component and subassembly
was tested prior to assembly in the unit. To document system
level performance, the VC2, VC3, and VCP voltages were
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Fig. 5. B-H data for four first-stage reactor cores before and after 10B shot
testing..-

TABLE 11
COMPRESSION HEAD BENCH MEASUREMENTS
Module Visual Inspection No Visible Degradation

C2, C3 [Capacitance] +1.33%

C2, C3 [Dissipation Factor] 0%
+ Bias Inductor [Inductance] -2.74%
+ Bias Inductor [Q}] -6.28%
- Bias Inductor [Inductance] -0.74%
- Bias Inductor [Q] +0.79%
Core [Bm] +0.40%
Core [Hc] -0.34%
Dicelectric Fluid Breakdown -0.27%

Strength (> 35 kV)

measured using a Tektronix 1000 : 1 voltage probe. The voltage
breakdown strength of the dielectric cooling fluid was tested
per ASTM 877 using a Hipotronics oil tester. The overall
physical appearance of the unit was noted, along with close
examination of the high current eléctrical coninections.

Post-lifetest results showed no degradation in the component
parameters. The overall physical condition showed no signs of
excessive wear or degradation. All electrical -connections ap-
peared to be free of corrosion or erosion. Table IT shows a sum-
mary of the component parameters and the percent change from
the initial value. ’

Fig. 6 shows a comparison of the B-H data for the four cores
in the compression head with the pre- and post-10B shot data
overlaid. As can be seen from the data, no changes were ob-
served in the core magnetic properties. As with the commutator
data, the capacitance and core measurements in the table are an
average of multiple component measurements. Samples of the
dielectric insulating fluid from both the commutator and com-
pression head were also taken before and after the 10B shot
testing and are now being chemically analyzed to identify any
possible changes to the fluid.

The system-level voltage waveforms (VC2, VC3, VCP) taken
before and after the 10B shot test were also analyzed for changes
in peak voltage and waveshape. Accounting for waveform varia-
tions due to probe positioning, calibration, and measurement un-
certainty, comparison of pre- and post-10B shots showed no sys-
tematic degradation in performance. Once again, this is consis-
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Fig. 6. B-H data for four compression head reactor cores before and after 10B
shot testing. )

tent with the previously mentioned component and subassembly
data.

VI. SECOND 10B SHOT LIEE TEST

After completion of the second characterization measure-
ments, this same test unit was again reassembled and tested for
a second series of 10B shots. Testing began on August 2, 1999,
By November 27, 1999, the modules had just completed 20B
shots and were beginning the characterization measurements
once again. As with the initial series of 10B shots, no failures
have occurred to date. Overall; laser uptime was also in excess
of 98% during this second testing series, with outages or down
time required only for gas refills, a chamber replacement, and
one period of time necessary for optics realignment.

VII. SUMMARY AND CONCLUSION

An experiment to investi gate potential degradation mecha-
nisms in a SSPPM over a period of several 10B shot increments
has been conducted. No significant obvious lifetime limiting is-
sues were discovered as a result of examining the data taken be-

fore and after the initial 10B shot interval. Test data taken at the’

system operating level was also consistent with component and
subassembly data in confirming that no changes had occutred
within the tolerances of the measurements during this period of
time.

Although characterization measurements have not been com-
pleted yet followin g the second series of 10B shots, the modules
have survived this period with no failures or faults, Initial visual
inspection of the modules is consistent with earlier observations
that no degradation has occurred during the testing to date.

Once the modules are recharacterized again, we intend to re-
assemble them once again and begin a third sequence of 10B
shots toward an accumulated shot total of 30B pulses. -

This data, in addition to HALT testing and other life test data,
will aid CYMER in determining realistic module expected life-
times to support CoQ reduction efforts. Based on these experi-
mental results and other performance data, we believe that the
SSPPM design is capable of achieving operating lifetimes well
in excess of 25B shots in normal operation.
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