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We have developed a high-average-power laser material based on silica glass. A new method using

Zeolite X is effective for homogeneously dispersing rare earth ions in silica glass to get a high quantum yield.

High quality medium, which is bubbleless and quite low refractive index distortion, must be required for

realization of laser action, and therefore, we have carefully to treat the gelation and sintering processes, such as,

selection of colloidal silica, pH value of for hydrolysis of tetraethylorthosilicate, and sintering history. The

quality of the sintered sample and the applications are discussed.
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1. INTRODUCTION

For the fusion driver, a high thermal tolerant material is required to achieve high repetition rate of laser

operation and large scalability of the material. Silica glass is one of the most attractive materials for high-

average-power laser, because of the favorable thermal and mechanical toughness, high optical transmittance in

ultraviolet to infrared region (200 nm~2500 nm), low nonlinear refractive index (n2=0.95xl0-13) compared to

the other commercial laser glasses, and its capability for larger scalability.

There are two main problems to fabricate a laser glass based on silica glass, that is, to get high quantum

efficiency of the medium and high optical qualities, for example, bubbleless glass and no refractive index

distortion. At first, we have developed a new method to disperse homogeneously rare earth ions in SiO2 glass

using Zeolite X, in order to get a high quantum yield on silica glass based laser medium [1]. The quantum yield

reached to 50±3.4 % at 1.0 wt% Nd2O3, this is superior to the other method [1,2].

We have been developing to make a high quality laser medium with lower scattering and optically

homogeneous medium using zeolite method for the ICF use and industrial application. Scattering and distortion

of materials are caused by small bubbles or fluctuation of refractive index in silica glass. Generation of bubbles

depends on conditions of the gelation, drying processes, and sintering history.

In this report, we describe the quality of laser material based on silica glass and its applications.
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2. SAMPLE PREPARATION

Sol-gel method with colloidal silica was used to fabricate rare earth doped SiO2 glass samples [3],

because of convenience to laboratory use, crack less bulk samples, and a good match for zeolite which is used as

a doping precursor. The sol-gel method is composed of five main processes, hydrolysis of

tetraethylorthosilicate (TEOS), admixture of colloidal silica and zeolite, gelation, drying and sintering. We

should carefully treat the processes to reduce bubble and optical distortion.

Although low sintering temperature (1IOO~12OO°C) to make quartz glass is an advantage of the sol-gel

method, heat treatment at 1760°C is required to get a transparent material if we use zeolite for a doping

precursor. The high temperature induces bubbles derived from silanol species (Si-OH) in the samples.

Silanol species should be removed to reduce bubbles in the glass. Silanol species are included in gelation

samples like follows; 1. silanol species at the surface of colloidal silica or in it, 2. silanol species in hydrolyzed

tetraethylorthosilicate. (TEOS) which we call binder. Therefore, we have carefully to chose the colloidal silica

which has the lowest silanol species, and have to determine effective parameters of silanol reduction in

hydrolysis process which effectively reduces the silanol species [4].

There are two types of colloidal silica, that is, a Siquid phase synthesis type (L-CS) and a gas phase

synthesis type. Infrared spectra show gas phase synthesis type, OX50 (Degssa), includes the lowest silanol

species, in fact, OX50 was the most effective to reduce bubbles. As pH value of hydrochloric acid is decreased

or the stirring time is increased, the substitution of silicon is increased, and therefore we determined the pH

value of hydrochloric acid is selected between 1.0 and 1.5 [4].

We have carefully to choose appropriate control scheme of temperature and atmosphere to remove the

hydroxyl species in the samples. Gelation samples, as the pore is collapsed, gradually shrink with temperature

rising, temperature and atmosphere should be controlled before the shrinkage of sample is finished.

An effective history of temperature and

atmosphere is as following three processes; I. the

sample was heated at 800°C for 8 hours in air to

remove organic matter in the sample, 2. after that

samples were heated from room temperature to

1000°C in vacuum, and kept at 1000°C for one hour J \ _

in He gas flow, and then, heated to 1300°C in ^ OSAKA UNIVERSITY

vacuum and down to room temperature, 3. Finally
25mm

the sample were heated from room temperature to "̂ S •

1760°C in the air, and then kept at 1760°C for one

hour in the air and down to room temperature. V: f

Figure 1 shows a rare earth doped silica glass with '

above temperature history, and the sample is very pig. 1 A rare earth doped silica glass.

clear and transparent.

Granular distortion often remains in rare earth doped silica glasses. Figure 2 shows the distorted He-Ne

beam patterns through samples and a He-Ne beam pattern. Although the distorted beam pattern was observed

due to the internal optical distortion in Fig.2 (a), the beam pattern is nearly the same as the He-Ne beam pattern

when we used rapid cooling in sintering process (Fig. 2(b)). It is shown that the rapid cooling method is
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effective to remove optical distortion. We are making larger samples and planning to examine more precise

optical quality and laser operation.

(a) Er doped SiO2 glass(1.0wt%);
Sample thickness; 3.20mmt
- without rapid cooling method -

(b) Nd doped SiO2 glass(1.0wt%)
Sample thickness; 2.35mint
- with rapid cooling method -

(c) HeNe laser

Fig. 2 Optical distortion of the rare earth doped silica glasses

3. APPLICATIONS

The method for homogeneous dispersion of rare earth ions in silica glass can be also applied for the other

luminescent centers, for example, the other rare earth ions, and also transition metal. Many luminescent

material can be made by silica based materials, and we found the other useful luminescent materials based on

silica glass, such as, copper and bismuth doped silica glass [5 ,6]. Both glasses are very attractive, because Cu

doped silica glass (CuQG) works as an energy converter of UV absorption (around 300nm) to green luminescent

(around 550nm) with high quantum yield (r|=0.78) [5], and Bi doped silica glass has wide band infrared

fluorescence (peak wavelength;! 140nm, FWHM;220nm) which can be used for the ultra-short pulse generation

like Ti:Al2O3 [6]. A few contamination in the silica glass may not change the thermomechanical properties of

doped silica glass, in fact, aluminum dopants in Nd doped silica glass does not effect the thermal expansion

coefficient until several Al2O3mol% [7], so silica based laser material can allow high repetition rate operation.

Figure 3 shows that an idea of laser system using silica laser material [8]. Nd or Bi doped silica glass

can be used as an amplifier material. As the figure of the silica material is easily changed to optical fiber,

luminescent doped silica glasses are also useful as an oscillator material. Oscillator can be made by Nd or Bi

doped fiber with fiber loop mirror (figure-8 ring oscillator), figure-8 ring oscillator generates 100 fs pulse train

[8]. The generated pulse is stretched by fiber grating, and then the stretched pulses are amplified by a fiber

amplifier, after that the pulses are induced to main amplifier chain. A fiber oscillator has many advantages,

alignment free, smooth beam pattern, compact system, and so on. Cu or Ce doped silica glass can also be

useful of a UV energy converter of flash lamp excitation source. High efficiency and high repetition rate laser

system will be constructed by using luminescent doped silica glasses.
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Fig.3 An idea of laser system using silica glass material

4. CONCLUSION

We described about the fabrication method and the quality of the rare earth doped silica glass. For

bubbleless glass, it is important to determine the selection of appropriate colloidal silica, pH value of the binder,

the stirring time of binder and temperature control. We also show a potential of silica based material for high-

average-laser system.
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