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ABSTRACT

Subpicosecond (~ 200 fs) amplification in a flash-lamp excited Ti:AlO,
module has been performed. The resulting amplification is sufficient for regenerative
operation. Active mode-locking has also been achieved and scaling to a rod
diameter of 2" has been examined. These results Indicate that Ti:Al,0, will be a

very good material for short pulse amplification in the near infrared.




I SINTRODUCTION
’Ti:Algoi represents an exciting new material with application to many areas
-
including atmospheric research, laser radar, and spectroscopyf‘ It is particularly
suitable for short pulse generation, since it has a very large bandwidth.

In the context of short wavelength high brightness sources, MCR Technology
Corporation has pursued the development of Ti:Al;b:as a system which can be
frequency doubled or tripled to produce high energy picosecond and femtosecond
duration pulses at short wavelengthsré'.

To date we have demonstrated a flashlamp excited device capable of 450 mJ
output &t 750 nm in a 300 nsec pulse. The overall electrical to optical energy
conversion was 0.18%. On the basis of this result, it is projected that overall
efficiencies greater than 1 — 2% should be achievable in relatively simple and
practical configurations. &S =

Amplification of picosecond and femtosecond radiation in Ti:ALO, is an
attractive option, since a very broad bandwidth is available with this material. In
order to explore this capability, the amplification of ~ 200 fs pulses has beca
examined.

Direct short pulse generation can also be achieved by a mode-locked Ti:Al,O,
system. In order to gain an understanding of this process, active mode-locked
operation has been studied.

1.  RESEARCH FINDINGS

A, Summary of Results

A 1/4" Ti:ALO, rod has been successfully used in the amplification of 200
fs, 745 nm pulsns and in the production of 112 ps mode-locked pulses at 790 nm.
The results of this testing indicate the lines of further development that should

be undertaken in order to design a stable and reliable laser system suitable for




short pulse applications. Below we present the experimental results and the
details pertinent to these matters.

B. Laser Design

1. Power Supply Design

The pulsed simmer, spark gap discharge system pictured in Fig. (1) was used
throughout these studies. This configuration Is similar to designs reported earlier3'4.
It incorporates a large (in this case pulsed) D.C. current to increase the ionization
of the lamp, thus minimizing the impedance, coupled with a spark—gap-triggered
capacitive discharge. A continuous simmer current maintains a breakdown in the
lamps between shots.

A critical element in this design is the spark gap. If the gap does not
ionize fully, then the total energy delivered will vary substantially from shot to
shot. The effects of this energy variation were found to be significant. Furthermore,
most of the difficulty with the control of the supply resulted from variations in
the trigger and the discharge of the gap. This affects the pulse width of the
discharge. In these studies, the discharge time was ~ 5 pusec.

Shorter pulse durations could be achieved with a carefully designed Thyratron
switching element. With this means, the optical power to the rod could be best
optimized.

2. Fluorescence Conversion

The choice of a flashlamp fluorescence converter involves a compromise
between efficient conversion and usable lifetime. Several different arrangements
have been explored.

Of the various dye combinations, Coumarin 480 in methanol produced the
largest output (~ 450 mJd). However, this system suffered from relatively rapid

degradation.  Similar rates of degradation were found with sodium silicilate and




Coumarin 540 in heptane, and LD-483 in glycerol, systems which only produced
moderate energies.

Uranium doped glass, Hg doped lamps, and CuSO, were also investigated.
The U-glass proved to be inefficient. The Hg lamps showed no significant difference
in performance from normal lamps. The CuSO,, which was designed to keep infrared
light in the lamps from depopulating the excited level of the rodS, functioned
successfully.  However, there was a photolytic reaction which caused the CuSO,
to dissociate and deposit copper onto the rod.

Recently, progress has been made on dye-loaded plastics for fluorescent
conversion. So far, a large sample rod has withstood a few hundred joules of arc
lamp input for 50 shots and developed only minor mechanical distortion. In
addition, no visible optical damage was apparent. If this performance can be
increased to thousands of shots, then this approach may have considerable value.

Crystalline powder converters are not expected to perform well because of
scattering losses due to total internal reflection. If a solid boule of the rare-
earth phosphor can be fabricated, it may be possible to have a tubular sheath cut
from it to serve as the converter.

The experimental configuration shown in Fig. (2) Involved the use of Stilbene
420 and Coumarin 503, both in circulating solutions of ethanol. This resulted in
fairly consistent outputs of 10 — 30 mJ for hundreds of shots.

C.  Experimental Results

1. Femtosecond Pulse Amplification

With the above configuration, the head was used to amplify 200 fs mode-
locked dye laser pulses at 745 nm. In a four pass configuration, the gain per
pass was found to be 1.5 or, equivalently, a gain constant of 0.2 cm—1. This gain

is certainly adequate for regenerative amplification of a seed pulse. However,




much higher gain, on the order of 180 per pass or 50 cm—1. is possible with laser
pumpings. This would greatly simplify the amplifier optical design.
2. Pulsed Mode-Locked Operation

Active mode-locking was achieved in the laser cavity with an acousto-optic
mode-locker operating at 100 MHz. The modulation depth was varied from 0 to >
50% by adjusting the R.F. input power.

The laser spectrum without intra—cavity elements is illustrated in Fig. (3).
The insertion of the mode-locker in the cavity caused frequency modulation of
the gain profile as shown in Fig. (4). This feature, of course, limits the effective
bandwidth for short pulse generation. The shortest pulse generated in this cavity
was approximately 400 ps [see Fig. (5)].

With the addition of a 250 pm thick quartz birefringent filter tuned for
transmission at the gain peak, the corresponding bandwidth was controlled to
cover a range of ~ 10 nm [see Fig. (6)]. This configuration resulted in a pulse
width of 112 psec [Fig. (7)]. This finding compares favorably with that achieved
with passive mode-locking at MIT Lincoln Laboratory giving a detector limited
figure of ~ 100 psec7.

The origin of the mode structure in the cavity was studied. Birefringence
and etalon effects in the cavity (without the birefringent filter) appear to be
negligible. This leads to the suggestion that the addition of the Brewster angled
element (the mode-locker) is introducing both cavity losses and astlgmatisme.

D. Scaling to 2" Diameter Rods

The results of this work indicate amplifier scaling to a 2" diameter acrording
to the following:

If we assume a small signal single pass gain given by

G - egol, do = MO (1)




and consider scaling from a 1/4" diameter rod to a 2" diameter rod with the same
doping level of Ti* ions, we have a volume factor of 64x (given by ratio of the radii).

Therefore, to maintain the same gain, the Inversion n must be the same as
in the 1/4" rod, and thus, the pump power must increase by a factor of 64.
Therefore, simply the

Pump power (2") = 64x pump power (1/4%), (2)
for the same doping. This gives an

Energy Stored = 64x Est (1/4"), 3)
or equivalently, [64/(0.45 J)] = 28.8 J, based on highest value Est for 1/4" rod.
However, this doping level would be too high for infrared absorption of the pump
light in a 2" diameter rod. Depending on the pump cavity geometry, the permitted
doping level will be much lower. In order to evaluate this point, consider

Absorption = e_a!'. (4)
Currently ~ 90% is absorbed in 1.8 cm, the equivalent of three rod diameters, so
that

® = 0.058 cm . (5)
If we want 90% absorption in a single pass of 2" rod (5 cm), we must get

1

®,, = 002 cm . (6)

o
Therefore, the doping is reduced approximately three-fold for the same gain,
assuming operation is not very close to saturation. Therefore, we have

Pump Energy (2") = 3x pump (a = 0.058) ~ 190 x (1/4" rod) = 10 J. (7)

E.  Conclusions

Subpicosecond (~200 fs) amplification in a flash-lamp excited Ti:Al,0, ampilifier
has been achierved for the first time. The demonstrated gain Is sufficient for

operation as a regenerative system, Active mode—locking of Ti:Al,O, has also

been performed with the resulting generation of a pulse width of ~ 112 ps, a




value apparently limited by the intrinsic dispersion and astigmatism of the configuration

used.

Both of these factors admit compensation by appropriate measures so that

considerably shorter pulses could be produced by this means. Overall, these

results indicate that Ti:Al,O, is an excellent material for short pulse amplification

in the near infrared.

HI.
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Fia. (3): Spectrum of laser without intra—cavity elements.

N
i

RELATIVE INTENSITY

784 790 796

A (approx.) nm

Fig. (4): Spectrum with mode-locker in cavity.
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Fig. (5): Trace of mode-locking without filter. FWHM = 400 psec.
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Fig. (6): Spectrum with mode-locker and birefringent filter.

1




RELATIVE INTENSITY

o] 2 4
TIME (nsec)

Fig. (7): Trace of mode-locked pulse with filter. FWHM of main pulse = 112 psec.
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