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GENERATIOX OF SINGLE 1-ns PULSES AT 10.6 u 

WITHOUT MODE LOCKING* 

D. L. Smith and D. T. Davis 

Lawrence Livermore Laboratory, University of California 
Livermore, California 94550 

ABSTRACT 

Pulses of 1 ns duration have been generated at 10.6 ]i without mode 

locking the CO, TEA oscillator. A scheme is described which allows generation 

of a single pulse or a pair of pulses with adjustable spacing between pulses. 

* 
Work done under the auspices of the U.S. Atomic Energy Commission. 



INTRODUCTION 

Since development of the CO TEA laser various pulse-selection schemes 
have been used to generate single short pulses (-1 ns) at 10.6 u using a 
mode-locked C0 2 oscillator [1,2]. Mode locking of a CO oscillator is 
accomplished by intracavity loss modulation with an acousto-optic 
modulator-transducer driven by an rf power oscillator, while pulse selection 
is achieved by using an electro-optic (E-0) birefringent crystal. 

The authors have developed an alternate technique for generating single 
short pulses from a CO- laser. Instead of mode locking and selecting one of the 
pulses in the mode-locked train, short pulses are generated by chopping out a 
segment of the much longer gain-switched pulse from the CO, oscillator. By 
eliminating the need for an intracavity mode locker we obtain the advantage of 
a simpler oscillator configuration and avoid the experimental difficulties 
associated with mode locking. The method discussed here has the additional 
advantage of controlled variation in the pulse shape as well as the capability 
of generating a pair of 10.6 u optical pulses with any desired spacing between 
the pulses easily obtained. 

The technique for generating a single optical pulse or a pair of optical 
pulses is shown schematically in Fig. 1. Note that two optiral passes are made 
through the E-0 modulator. In this case the output power in the switchout 
leg (P-) can be represented mathematically by 

P 2 . 0.87 KPj sin 2 ( f - ^ ) . <« 

where K represents losses in the polarizer, E-0 crystal, and reflector M3, V is 
the voltage applied.across the E-0 modulator, and the factor 0.87 is the 
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reflectance to vertically polarized electromagnetic radiation of germanium at 
Brewster's angle. In Eq. (1), V,,. is the quarter-wave voltage, given by 

-*>.., r 4 1 

where X is the optical wavelength, d is the distance between E-0 electrodes, Z is 
the length of the E-0 crystal, N is the index of refraction of the E-0 material, 
and r:.' is the clamped (high frequency) electro-optic coefficient. 

From Eq. (1) it is easy to see that as the applied voltage is varied 
between zero and twice the quarter-wave voltage (2 V, . . ) , the output power F"2 

varies from zero to maximum and back to zero. The same result would be obtained 
if the applied voltage varied from 2 V, .. to zero. This means that if the 
voltage applied to the E-0 crystal is a step function, the optical output (P_) 
will be a single pulse whose duration at the base equals the rise time of the 
step function. But if the applied voltage is a pulse of duration t , rise 
time t , and fall time t f, the optical output will be a pair of pulses. The 
first pulse in this pair will have a duration at base o f t , the second pulse 

duration will be t and the time between pulses will be t . 
f " w 

EXPERIMENTAL SETUP 

The intracavity etalon which limits oscillation to a single longitudinal 
mode [3] is a 3-mm-thick piece of uncoated germanium (see Fig. 1). The discharge 
tube is similar to one reported by Robinson [4]. Resistively ballasted pins 6 mm 
apart over an area 2.5 x 100 cm form the cathode, while the anode is an aluminum 
bar slightly larger than the cathode and spaced 2.5 cm from it. A gas mixture of 
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89 percent He and 11 percent C0 2 flows at a rate of approximately 50 ftJ/hr at 

slightly over atmospheric pressure. The discharge occurs at 30 kV and appears 

to be quite uniform. A germanium flat positioned at Brewster's angle is used 

as the polarizer. The E-0 modulator is a GaAs crystal 6.S x 6.5 x SO mm with 

chrome-gold electrodes. Electrical contact is made with a flat aluminum surface 

to one electrode and a slightly compressed flat copper spring surface to the 

other electrode. Reflector M3 is a germanium flat AR-coated for 99 percent 

reflectance at 10.6 u. This reflector is placed as close as possible to the 

E-0 modulator, but because of mechanical limitations of the modulator and 

reflector mounts, the distance (d) between the Gas crystal and the reflector M3 

is 3 in. 

The high voltage pulse generator consists of two units. The first unit is 

a pulse height discriminator followed by an avalanche transistor/krytron pulse 

generator. The second unit is a pressurised coax-spark-gap high voltage pulse 

gonerator capable of driving the E-0 modulator at its half-wave voltage (~11 kV). 

Detector 1 is a Ge:Hg(Sb) liquid-He-cooled detector which detects the 

radiant power transmitted by reflector M3. The output of this detector drives 

the pulse height discriminator. When the signal exceeds a preset level the 

discriminator triggers the avalanche transistor/krytron pulse generator which 

fires the coax spark gap. ' • 'W pulse is applied to the E-0 crystal to 

coincide with the peak amp."•-•••• of the single longitudinal mode output from 

the CO- oscillator. 

Detector 2 is also a Gt:Hg(Sb) detector. It detects the switched-out 

pulse or pair of pulses. These signals are displayed on the Tektronix 519. 

The response time of this detection scheme, which is about 1.8 ns. Units the 

resolution of the pulse width measurement. Optical attenuation (CIFJ) liaits 

the radiant power into detector 2. 
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EXPERIME.MTAL RESULTS 

Figure 2(a) is an oscillogram of the CO, oscillator output. Dominance 
of the emission by a single longitudinal mode is implied by the near absence 
of modulation at the cavity mode-spacing. The peak power is approximately 1 MW 
with the pulse duration about 250 ns. 

Figure 2(b) shows a single pulse produced by applying the step function 
shown in Fig. 2(c). The peak power in the single pulse is 0.3 MW with a width 
at half-maximum of <1.8 ns. The switched-out pulses have a lower intensity due 
to aperturing, absorption by the GaAs E-0 crystal, and the less than unit 
reflection from the polarizer. This intensity could be increased significantly 
by using a larger aperture E-0 crystal made of material with less absorption. 
Cadmium telluride looks very promising for this application. 

A pair of pulses is shown in Fig. 3(a). The high voltage pulse applied 
to the E-0 modulator to produce the pulse pair is shown in Fig. 3(b). The 
time separation between the optical pulses is determined by the HV pulse 
duration. 

A prepulse extinction ratio of about 500:1 is shown in Fig. 4. This 
is determined by comparing the peak amplitude of the pulse in Fig. 4(a) with the 
pedestal front in Fig. 4(b). The sensitivity of the detector was 34 times 
greater in Fig. 4(b) than in Fig. 4(a). This increase in sensitivity is 
obtained by renoving the optical attenuation (i.e., the calibrated CaF plates). 
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FIGURE CAPTIONS 

Fig. 1. Schematic diagram of CO- TEA oscillator with generator for producing a 
single pulse or a pair of pulses. 

Fig. 2. From the 250-ns oscillator output pulse (a), a single pulse (b) of <1.8-ns 
FIVHM is switched out by applying HV step function (c) to E-0 modulator. 

Fig. 5. Pair of switched-out pulses (a) is obtained by applying HV pulse (b) to 
E-0 modulator. 

Fig. 4. Prepulse extinction ratio of about 500:1 is found by comparing the peak 
amplitude of the pulse in (a) with the pedestal front in (b), where the 
sensitivity is about 34 times greater. 
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