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Output characteristics of a 400 MW Nd:glass laser system
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Abstract. The paper discusses the performance characteristics of a Nd: glass laser
system designed for laser produced plasma studies. It consists of a Q-switched
oscillator followed by two amplifier stages. The output behaviour of the oscillator,
i.e. laser pulse duration, peak power and optimum coupling, has been studied and is
in good agreement with theory. Gain characteristics of amplifiers were obtained as
a function of various parameters. Energies in excess of 7 J with pulse durations as
small as 18 nsec were obtained giving rise to 400 MW peak power.
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1. Imtroduction

The possibility of using lasers for heating dense plasmas of very high temperature
was considered soon after the invention of the laser (Basov et al 1964; Dawson 1964).
Several high power Nd:Glass and CO, lasers are currently being used for these studies.
These laser systems essentially consists of a low power oscillator followed by several
stages of amplifiers (Hagen 1969; Basov et al 1968; Grek et al 1977; Kachen 1971).
The relatively low power in the oscillator ensures flux densities below the damage
threshold of various components and better beam control. In amplifiers the important
factors are the gain, energy extraction characteristics, optical damage, premature
oscillations due to feedback, etc. In this paper we discuss the design and petformance
characteristics of a three stage Nd:glass laser system giving 400 MW peak power in
about 20 nsec full width at half maximum (FWHM) pulse.

2. Experimental set-up

The block diagram of the system is shown in figure 1. A Nd?®* glass oscillator with
laser rod of 10 mm diameter (SG 91 H Hoya Glass) and 150 mm length is followed by
two amplifiers of 12 mm diameter (LG 650 Schott Glass) and 19 mm diameter (SG 91
H Hoya Glass), each 300 mm long. The diameter of the amplifier rods is increased
successively to keep the power density below the damage threshold of the glass mate-
rial. Self oscillations of amplifiers are avoided by using laser rods with end faces cut
at 6°. Each stage of the system is pumped by four xenon filled linear flash lamps
enclosed in clover leaf reflectors (Ross 1964). A solution of sodium nitrite is circu-
lated around the laser rods to cool and cut off the ultraviolet radiation from the flash
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Figure 1. Block diagram of the laser system

lamps. The flash lamps pulse duration were 400 u sec, 550 w sec and 450 p sec res-
pectively whereas the fluorescent life time for the glass are 300 w sec, 640 u sec and
300 p sec respectively. It is apparent from this that individual stages will reach peak
inversion at different times. Appropriate time delays are introduced between the
firings of different stages and opening of the electrooptic light modulator (EOLM)

switch. The sequential firing of the stages is controlled by a trigger delay network
(Bhatnagar et al 1978). :

2.1. Oscillator

The oscillator shown schematically in figure 2 consisted of two mirrors M, and M,,
an EOLM glass polariser and a glass rod. A 6 mm aperture was used to restrict the
number of transverse modes. The optimum 1eflectivity of the output mirror can
be estimated fiom threshold energy measurements. Exact calculations for pulsed
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Figure 2. Schematic diagram of the oscillator
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laser are not straightforward. For steady state lasers the optimum reflectivity is
given by (Walter-Kuechner, 1976)
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where K is the slope of the curve for threshold energy vs (—log R) i.e.
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where P,, (R) is the threshold energy for reflectivity R and P;, is the input energy.
From the plot of threshold energy vs (—log R) for the oscillator

K = 0-83 (kJ-1) and L=0-715.

For input energy of 2:35 kJ the optimum reflectivity for normal oscillations case
comes to be 43% and for a Q-switched case the optimum reflectivity should be still
lower. Hence a mirror of 40 % reflectivity was used for Q-switch operation.

The switching of voltage on the modulator was done using a Krytron KN-22 which
gave switching time as fast as 5 nsec. The delay between the flash lamp firing and
switching of the EOLM voltage was optimised and was found to be 370 u sec. The
O-switched pulse was detected by a biplanar photodiode ITT 400 (rise time 03 nsec)
and displayed on a tektronix oscilloscope. Figure 3 shows the variation of output
power and pulse duration at different input energies with a typical pulse shape shown
in the inset.

Output energies can be calculated from stored energy consideration. . The threshold
population inversion for the system is 57 X 1017/cc. For a pump energy of 2:35 kJ,
the population inversion comes out to be 1:3x 1038/cc. For an apertute of 6 mm and
exposed length of the rod 10 cm, the total population inversion is 3-7x10%. For
photon enrrgy of 1°17 eV (A=1:06 w), the stored energy is 07 J.  Using energy utili-
sation factor of 0-86 for a final population inversion 2-3 times the threshold (Steele
1965), the energy output is approximately 0-6 J.

The half width of the pulse can be calculated from the analysm of Q-switch pulse
by Wagner and Lengyel (1963). The cavity decay time ¢, for an optical path of 58 cm
and effective reflectivity of 15%, is 4'5 nsec. For pump energy 2-3 times the threshold
energy, the pulse width is given to be 3:7#,. Thus the pulse width for input energies
of 2:35 kJ comes out to be 16'5 nsec, in good agreement with the experimentally
observed value. The output power and pulse durations of the laser were similarly
calculated for different input energies and are shown in ﬁgure 3. Thea greement Wlth
experimentally observed values is good.
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Figure 3. Oscillator output power and pulse duration vs electrical input energy

2.2. Amplifiers

The gain characteristics of the amplifiers were studied by simultaneously measuring
the input and output power. Variation of gain with electrical input energy for both
the amplifiers at different laser inputs is shown in figure 4. It is seen that at higher
electrical input energies the first amplifier goes in saturation region. This is found to
be consistent with the stored energy calculations. For an electrical input of 6 kJ to
this amplifier and laser input of 0-45 J (25 MW, 18 n sec), the extracted energy is 25
about half the stored energy, suggesting saturation opeiation of the amplifier. Itis
noted that the second amplifier is not driven in saturation region for the same inputs.
Thisresults fromthe fact that oscillator beam divergence is 2 m radians and the spot
size increases to ~ 10 mm at the input of second amplifier. This reduces the incident
energy density of the laser much below the saturation energy density of the amplifier
glass. However, the second amplifier is driven in saturation region for higher input
laser energies of 1-7J (95 MW, 18 n sec pulse). The system gave maximum energies
of 8 J with peak powets of ~ 400 MW. Pulse duration could be changed from 18 to
70 nsec by changing the electrical input to the oscillator.
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Figure 4. Gain characteristics of amplifiers

3. Conclusions

The performance characteristics of a Nd:glass laser system are discussed. The EOLM Lo
O-switched oscillator gave peak powers of 25 MW in 18 nsec FWHM. The output g
power and pulse duration of the oscillator output were measuied at different electrical g
inputs and good agreement was found with the theoretically expected behaviour. Gain i
characteristics of the amplifiers were obtained and saturation behaviour explained

from stored energy consideration. The system gave output energies upto 8 J in pulse

durations of 20 nsec giving peak powers of 400 MW in a multimode beam.
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