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Summary

The laser working group considered several options to deliver synchronized laser pulses of

the required energy to the photocathode and laser triggered switches. These requirements

actually decreased during the course of the workshop, and the values finally settled upon (<10 jxJ

in 100 fs at ~250 run for the photocathode and ~20 mJ in 2 ps near either 250 nm or 1 |im for the

switches) were considered to be well within the state of the art. Some development work may be

required, however, to provide a system that has the desirable characteristics of stability, ease of

use and low maintenance.

The baseline concept, which is similar to a number of existing systems,1'^ utilizes doubled

Nd:YAG-pumped dye oscillator/amplifiers to produce an upconverted picosecond pulse that can

be amplifed to tens of mJ in a KrF cxcimer laser. A fraction of the dye oscillator output is also

compressed by means of a fiber-grating compressor' and further amplified in a dye amplifier

before being upconverted to produce the synchronized pulse for the photocathode.

As shown in Fig. 1, the proposed system would consist of a cw mode-locked Nd:YAG

laser that is frequency-doubled and used to synchronously pump a dye oscillator to produce a

train of-2 ps pulses at 648 nm. A portion of the mode-locked Nd:YAG laser output is also used

to injection control a Q-switched and cavity-dumped regenerative Nd:YAG amplifier to produce

-60 mJ at 1.06 Jim in a pulse of-100 ps duration.5 A single pulse from the dye oscillator is

amplified in sequential dye amplifiers pumped by the 532 nm frequency-doubled output of this

Nd:YAG regenerative amplifier. This dye laser pulse, of approximately 1 mJ energy, is doubled

and mixed with a portion of the unconverted 100-ps 1.06-̂ im pulse to produce ~50 u\J in 2 ps at
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Fig. 1. Block diagram of laser system for generating 10 ^J in 100 fs by sum frequency mixing of
a doubled dye with the Nd:YAG pump and similar synchronized source for KrF amplification to
20 mJ in 2 ps. Indicated energies are estimates of amounts needed for producing desired sum
frequency outputs.
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248 nm; this pulse is then spatially filtered and amplified through one or two passes of a KrF

gain medium to yield -20 mJ (or more, depending on the KrF aperture) of output energy. The

synchronized 100 fs pulse is produced by splitting off a small fraction of the output of the first

dye amplifier, chirping it in a fiber, and compressing it with a grating pair. This pulse is then

amplified in another dye amplifier (pumped by part of the same 532 nm pulse), doubled, and

mixed with the remainder of the unconverted 1.06 pm pulse to produce on the order of 10 \i3 in

100 fs. The conversion efficiency of this step is low because phase matching across the full

pulse bandwidth requires very thin crystals, and innovative methods may be needed even to

reach this degree of conversion. If necessary, a small KrF amplifier (or possibly a subaperture

of the main amplifier) can be used to deliver the required 10 pJ or, in fact, substantially more.

The bandwidth of KrF is sufficient to support pulses considerably less than 100 fs in duration.

The infrared option for solid-state switches can be fulfilled by replacing the Nd:YAG

regenerative amplifier with a Ndrglass regenerative amplifier that is injection controlled by n

fiber-grating-compressed pulse from the mode-locked oscillator. This also removes the need for

a KrF amplifier, but imposes severe limitations on the ultimate repetition-rate achievable.

Although the system described above has the advantage of largely duplicating existing

technology, it should be noted that it does have certain shortcomings. Stability and maintenance

of the dye laser systems will require considerable ongoing technical support. The mixing

process, particularly for the shorter pulse, will require rather thin crystals and may be less

efficient than estimated. This could entail the need for a larger pump laser than indicated. A

significant limitation to the efficiency of the sum-frequency process is the long duration (and

hence high fluence) of the Nd:YAG pulse as compared to the short pulse, and substantial

improvement may be possible by compressing the 1.06 Jim pump pulse. Fortunately, much less

energy will suffice for the 100 fs mixed output if it is amplified in KrF, and less than 50 jxJ can

be utilized for the 2 ps input to the KrF amplifier. The input to the amplifier does affect the

overall gain required, however, and this relates to another problem typical of excimer amplifiers:

their high gain leads to the presence of significant amplified spontaneous emission (ASE) that

precedes the short pulse one wishes to amplify. In a single amplification stage, most of the ASE

can be filtered out because of its high divergence. In a second amplification stage (whether

through the same or a separate amplifier), the small amount of ASE that passes through the

spatial filter will see unsaturated gain, whereas the short pulse will be amplified into saturation.

The contrast ratio between the prepulse and the main pulse is therefore degraded, and achieving
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ASE energy of less than 5% of the main pulse appears difficult1-2 unless additional electrooptic

or nonlinear optical techniques are utilized. This amount of energy in a long prepulse will almost

certainly be unacceptable for the switch, and additional work on improving the contrast ratio

appears necessary for this application. The 100 fs pulse will need sufficiently low gain that a

single pass in a small, gently-pumped gain medium should suffice, and ASE should not be a

problem. If the main amplifier is used, the pulse can be injected on the leading edge of the pump

pulse so that little ASE precedes it, but there may be significant post-pulse ASE.

Another option, which avoids some of these difficulties but presents some uncertainties of

its own, follows from some of the results discussed by W. R. Donaldson at this workshop.

This alternative would replace the dye amplifiers, and possibly the KrF amplifier as well, with

alexandrite solid-state amplifiers. One possible configuration starts with a dye laser, pumped as

before by the doubled output of a cw mode-locked Nd: YAG laser, and operated as a colliding-

pulse laser7 to produce pulses of -100 fs duration near 750 nm. These pulses are temporally

expanded to -1 ns by a dispersive grating pair, and a single pulse is regeneratively amplified to

-4 mJ in an alexandrite amplifier. A fraction of this pulse is compressed back to its original

pulse length, and then tripled to give -10 yU in 100 fs near 250 nm. The remainder of the pulse

is spectrally filtered to reduce its bandwidth, amplified to -100 mJ in an additional alexandrite

amplifier, compressed to -2 ps by another grating pair and tripled to yield the required 10 mJ. If

the desired energy outputs and conversion efficiencies can be reached, this would provide a

relatively reliable, low maintenance system. However, this high an output has not as yet been

demonstrated in a short alexandrite pulse.8 It would be possible to boost the energy, if

necessary, by using a KrF amplifier to amplify the tripled output. Since relatively high drive

energies would be available, a single pass would be sufficient, and ASE should not be a major

problem. For solid-state switches, the high-power alexandrite amplifier would be replaced by a

regenerative Nd:glass amplifier injection-controlled by a compressed pulse from the cw mode-

locked laser.

An even more attractive alternative (in the case of the uv option, unless the alexandrite laser

can be used for solid-state switching) would be to also replace the mode-locked Nd: YAG laser

and sync-pumped dye laser with a mode-locked alexandrite laser. Alexandrite has sufficient

bandwidth to support the short pulses required but has apparently only been mode-locked down

to 8 ps,' and this was achieved in a somewhat unstable fashion by passive mode-locking using
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an intracavity dye saturable absorber. Short pulses appear to be difficult to obtain without the

use of a saturable absorber because of the low gain and high saturation fluence of alexandrite,

and active mode locking alone has produced ~100 ps pulses, whereas active/passive mode

locking has yielded -60 ps.'O Nevertheless, the desired pulse widths may be achievable by, for

example, mode locking and fiber/grating techniques, combined with injection control of a

regenerative amplifier. Such a system would provide a completely solid-state, low-maintenance

approach for generating the short pulses.

All of the alternatives discussed above require on the order of $300 K in capital equipment,

and probably at least double that amount in manpower. The first system entails the least

development, but is more maintenance intensive. A choice may depend on availability of some

of the equipment as well as more detailed assessments of the practicality of the other approaches.
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