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Abstract. Considerable progress of microwave pumping of excimer laser gas mixtures has been 
achieved. The present measurable best values for the pulse energy lie in the mJ range. A 
microwave pulse compression technique is applied using a resonantly charged microwave cavity. 
The stored energy is extracted by igniting a high density plasma in a quartz tube which acts as a 
switch and as a laser amplifier yielding a high energy laser pulse. 

PACS: 42.55H, 42.60B, 52.80P 

High pressure rare-gas halide or excimer lasers require a 
high power fast switching circuitry as an electrical energy 
supply. One possibility to pump such a gas mixture 
resulting in a high efficient laser pulse energy can be 
performed by electron beam pumping. This is a rather 
complicated technique since the high pressure discharge 
chamber has to be separated by a thin electron transpa- 
rent foil material from the evacuated electron accelerator 
part. E-beam excitation is able to pump large discharge 
volumes. The low repetitive operating e-beam driven 
lasers are well suited for applications requiring an ex- 
tremely high laser pulse energy, i.e., inertial confinement 
fusion (ICF) experiments. 

Many applications require high average power 
excimer lasers. In material processing laboratories the 
higher powers of these lasers result in higher processing 
speeds and throughputs. For instance, in semiconductor 
manufacturing the race of technology demands ever faster 
wafer processing speeds. This can be fulfilled with TEA- 
discharge pumped lasers. This technique is used by 
commercial high pressure gas discharge lasers. However, 
impedance matching of the energy storage capacitance to 
the nonlinear time varying plasma load is difficult to 
achieve. Additionally, the halogen contents of the gas 
mixture interact with the metallic electrodes and may 
cause streamers in the discharge. 

For these reasons the microwave pumped discharge is 
an alternative technique. It is a metall-free discharge and 
therefore less gas degradation can be expected. The 
electrodeless coupling of the microwave energy into a 

* Presented at LASERION '91, June 12-14, 1991, Mfinchen 
(Germany) 

quartz or ceramic tube is performed by displacement 
currents. A more homogeneous and stable discharge can 
be expected without any preionization techniques. High 
power microwave excitation techniques were reported in 
[1-7]. With a discharge pressure of 1-3 bar XeCI laser 
pulses with powers of 250W and a pulse duration of 
200ns were measured using an X-band (9.375GHz) 
magnetron with a pulse power of 1.4 MW [1]. The highest 
XeC1 laser pulse energy of 28 mJ was reported from a 
system pumped by a relativistic S-band (3 GHz) mag- 
netron. The pulsed microwave power was 500 MW and 
the pulse duration 16 ns [3, 4]. The first successful oper- 
ation of a 4.5 MW L-band pumped XeC1 laser without 
preionization resulting in a laser of 1.3 mJ pulse energy 
and a pulse duration of 16 ns was reported in [5]. The 
same system showed an improved performance of up to 
2.7mJ of pulse energy [6]. Using a 3 MW S-band 
magnetron with a pulse duration of 4 IXS, a XeC1 laser 
pulse energy up to 2 mJ with a pulse length of 7 ns was 
reported [7]. 

Microwave Design Features 

The experiments were carried out with a L-band klystron 
transmitter with a maximum pulsed power of 10 MW, a 
variable pulse duration from 500 to 6000ns, and a 
repetition frequency of up to 430 Hz. The microwave 
power was fed into a WR 650 rectangular waveguide 
utilized to pump a double ridge coupling structure which 
housed a quartz discharge tube. The dimensions were 
6 mm x 8 mm, i.e., inner and outer diameter. The micro- 
wave excited discharge length was 438 mm. This resulted 
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in an actively pumped volume of 12 cm 3. The substantial 
layout dimensions were optimized applying the computer 
code URMEL-T [8] as described earlier [9]. The data 
reported in [9] for the excimer laser performance were 
obtained with a magnetron generator as microwave 
source which had a power of 2.5 MW and a slow rising 
(rise time 220ns) 4 ~ts long pulse. When the klystron 
transmitter was used as the source generator the first 
experiments were focussed on the influence of fast rising 
microwave pulses on the discharge. The rise time of the 
klystron pulse was 20 ns. This was possible by driving the 
transmitter with a new oscillator subsystem based on a 
dielectric resonance oscillator which was modulated by a 
pin diode switch [10]. The operation frequency of the 
klystron was adjusted to 1355 MHz. To prevent arcing, 
the waveguide which kept the discharge geometry had to 
be pressurized with sulfur hexafluoride (SF6) up to 5 bar 
when a microwave power of 4 MW and more was applied 
to the system. These power levels required a better 
electrical contact of the ridges to the waveguide walls. The 
improved coupling together with the fast rising klystron 
pulse led to a new feature known from microwave pulse- 
compression cavities [-11]. This facilitated a operating 
mode called "resonant energy storage mode" (RES mode). 
The investigated cavity is shown in Fig. 1 consisting of the 
discharge structure with the short circuit plate, the 
connecting waveguide together with the coupling aper- 
ture of the impedance matcher. 

Results 
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Fig. 1. Investigated microwave cavity consisting of the impedance 
matcher and the coupling geometry 
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Fig. 2. Resonant energy storage (RES) mode of operation. Incoming 
(curve 1), reflected (curve 2) microwave power in MW, and XeC1 
laser pulse (curve 3) vs. time 

For the experiments the klystron transmitter was set to a 
power of 4.8 MW and a pulse duration of 600 ns. The 
pulse repetition frequency was variied from 10 to 20 Hz. 
The transmitted and reflected microwave power was 
measured with two Hewlett-Packard diodes (HP model 
423) and displayed on a oscilloscope (HP model 54112D). 
The rare-gas halide mixture for XeC1 consisted of 
He/Xe/HC1 = 1000/10/2 at a total pressure of up to 2 bar. 
The laser pulse energy was measured with a Gentec joule 
meter (model ED-200). The laser pulse duration was 
monitored with a fast vacuum photodiode (ITL model 
TF 1850). 

Figure 2 depicts a typical result of the incident and 
reflected microwave power (curves 1 and 2) and the laser 
pulse (curve 3) vs. time. The reflected power shows exactly 
the features described in [11]. The filling of the cavity 
starts as soon as the microwave pulse has reached its 
maximum. The microwave power is totally reflected 
during the rise time. The storage of the electromagnetic 
energy in the resonant cavity under study required 
approximately 200 ns indicated by the exponential drop 
of the reflected power. 

The extraction of the stored energy, represented by the 
fast rising step in the reflected power curve, is accom- 
plished by the build-up of a plasma of high electron 
density in the quartz tube. The realized surprisingly high 
pulse energy was only achieved in the RES mode of 
operation. Increasing the height of the double ridges in the 
coupling structure caused a higher electrical field strength 
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Fig. 3. Matched coupling structure (MCS) mode of operation. Same 
axis description as in Fig. 2 
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Fig. 4. Resonant energy storage (RES) mode of operation. XeCI laser 
energy against stored energy in the resonant microwave cavity 
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in the discharge tube. This improved the performance of 
the system featuring a 2.7 mJ pulse energy in a 16 ns long 
pulse. 

With the klystron transmitter the previously reported 
data [9] obtained with a magnetron generator could also 
demonstrate another mode of operation: the "matched 
coupling structure" MCS mode. In this mode of operation 
the discharge was matched during the XeC1 lasing time. 
Figure 3 depicts the time dependence of the incoming and 
reflected microwave power (curves 1 and 2), and the XeC1 
laser pulse (curve 3). In the MCS mode of operation XeC1 
pulse energies of approximately 20 Id and pulse duration 
of 65 ns were measured. 

The coupling of the microwave power into the dis- 
charge tube depicted in Fig. 3, curve 2, indicates a later 
occurrence of the UV laser pulse of approximately 150 ns 
as would be expected from the shown coupling [12]. This 
delay could be assigned to the limited electron density rise 
time of the discharge. The threshold for the UV laser was 
measured to 700 kW/cm a. 

Further investigations of  the more favourable RES 
mode of operation are shown in Fig. 4. Here, the amount  
of  stored energy in the resonant microwave cavity is 
plotted dependent on the performance of the XeC1 laser. 

In summary, we have investigated a XeC1 excimer laser 
gas mixture under the influence of a fast rising high power 
microwave pulse. Together with an improved coupling 
geometry this facilitated a "resonant energy storage" 
(RES) mode of operation yielding a XeC1 laser peak pulse 
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energy of 2.7mJ in a 16ns long pulse. The actively 
pumped volume was 12 cm 3. The corresponding energy 
deposition was 0.2 J/1. No preionization has been used. 
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