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Diode-pumped microchip laser oscillation of highly Nd3+-doped polycrystalline YAG ce-

ramics has been succeeded. It is found that the loss of a 2.4 at. % neodymium-doped

ceramic YAG is as low as that of a 0.9 at. % NdrYAG single crystal. From a 4.8 at. %

Nd:YAG ceramic microchip, 2.3 times higher laser output power is obtained than that

from a 0.9 at. % Nd:YAG single crystal microchip.
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Diode-pumped microchip solid-state lasers are attractive light sources because of advantages

such as compactness, high efficiency, high power, and low numbers of longitudinal and transverse

modes [1]. A wide variety of materials has been investigated to develop more efficient and higher

power microchip lasers. Although Nd:YVC>4 is a suitable material for highly efficient microchip

laser owing to its large absorption cross section [2,3], high power operation is difficult because its

thermal-mechanical properties are poor. On the other hand, while Nd:YAG has good thermal

properties, high efficiency is difficult since high doping (> 1 at. %) of Nd3+ into the YAG crystal

is impossible, limiting pump absorption.

We have recently developed highly Nd3+-doped, transparent YAG ceramics [5-7], and found

that the thermal conductivity is as high as that of NdYAG single crystals even at the Nd3+

concentration of 9 at. % [4]. In this work we report measurements of the absorption spectra and

the fluorescence lifetime of ceramic NdYAG in order to show that it is a promising material as

a highly efficient, high power microchip laser. Moreover, we characterized its laser performance.

The measured ceramic samples were made by a developed sintering process [5]. The Nd3+

concentration of the samples - the percentage of Nd3+ in the starting powders - ranged from

1.1 to 9.3 at. %. Single crystal samples were also prepared for comparison.

Figure 1 shows the absorption spectra of 2.2 and 4.8 at. % NdYAG ceramics and 1.1 at. %

single crystal. The measurements were carried out by use of a spectrophotometer (Hitachi,
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Fig. 1. Absorption spectra of 2.2 and 4.8 at %

Nd:YAG ceramics (solid curves), and 1.1 at %

Nd:YAG single crystal (dashed curve).
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Fig. 2. Nd3+ concentration versus fluorescence life-

time. The open squares show the experimental

data for the YAG ceramics and the solid curve is

the fitting with Eq. (1).

U3500) at the resolution of 0.2 nm. The absorption increases as the Nd3+ concentration in-

creases. The 4.8 at. % Nd:YAG ceramic has an absorption coefficient of 30.4 cm"1 at 808 inn,

which is as large as that of Nd:YVC>4.

Fluorescence lifetimes were determined by the measurement of the time dependence of the

fluorescence intensity. The pump wavelength and the pump pulse width were 808 nm and 10 ns,

respectively. The measurement was performed for 1.1, 2.2, 4.8, and 9.3 at. % ceramics and a

1.1 at. % single crystal. The Nd3+-concentration dependence of the lifetime is shown in Fig. 2.

The solid curve is the fitting with the following equation

T z==- (1)

where CNd is the Nd3+ concentration, TQ is the lifetime at CNd = 0, and Co is the quenching

parameter which was obtained to be 5.4 at. %.

In the microchip laser experiments, we used a diode laser oscillating at 809 nm as a pump

source. The thickness of every sample was less than 1 mm, and the input facet was high-

transmission and high-reflection coated at 808 and 1064 nm, respectively. The radii at the beam

waist were 20 and 90 /im in the fast and slow-axis direction, respectively. An output coupler

with a curvature of 100 mm was used, and the cavity length was set to be 50 mm.

Figure 3 shows the input-output power characteristics of 2.4 and 4.8 at. % ceramics and a

0.9 at. % single crystal. For the 4.8 at. % ceramic, 2.3-times higher output was achieved than

that for the single crystal, which indicates the advantage of Nd:YAG ceramics as highly efficient

miniature or microchip lasers.

We estimated the cavity losses by obtaining the slope efficiencies, rjs's, which were determined

from the relation between the absorbed and the output power by changing the transmittance of

the output coupler. The round-trip cavity loss, L,, is given by

(r2/Ti)Ti - {m/m)T2

m/m -
(2)
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Fig. 3. Dependence of the output power on the in-
put pump power for the 2.4 and 4.8 at. % Nd:YAG
ceramics and the 1.1 at. % NcLYAG single crystal
when an output coupler (O.C.) with the transmit-
tance of 4.4 % was used, t: sample thickness.
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Fig. 4. Dependence of the output power on the
absorbed power for the 4.8 at. % Nd:YAG ce-
ramic. The open squares show the experimen-
tal data, obtained for the output coupler with the
transmittance of 4.4 %, while the open circles
show that of 1.1 at. %.

Table 1. Slope
Neodymium

Concentration

(at. %)

Single Crystal

0.9

Ceramics

2.4

4.8

Efficiencies and

Vi

(%)

20.7

24.7

27.4

m
(%)

15.7

19.0

13.7

Cavity

u
(%) <

0.5

0.5

2.2

Losses

(cm"1)

0.04

0.03

0.13

where rj\ and 772 are the slope efficiencies when the output couplers with transmittance of T\ =

4.4 % and T2 = 1.1 % are used, respectively. Absorbed power was estimated by monitoring the

transmitted pump power at each input power; the input-to-absorbed power ratio was different

at different input powers or different diode currents because of spectral changes of the pump

diode. This is why the output power from the 4.8 at. % ceramic sample decreased above the

input pump power of 550 mW, as shown in Fig. 3, not because of any thermal effects.

The relation between the absorbed and the output power for the 4.8 at. % ceramic is shown

in Fig. 4, and Table 1 summarizes the slope efficiencies and the cavity losses of each sample. It

was found that the loss of the 2.4 at. % ceramic is as low as that of the single crystal. Moreover,

the slope efficiency of the ceramics was found to be higher than that of the single crystal. That is

because the mode-matching efficiencies of the ceramics are higher than that of the single crystal;

owing to their larger absorption coefficients, the absorption depths of the ceramics are shorter,

resulting in the less divergence of the pump beam in the sample.
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It is concluded that highly Nd3+-doped YAG ceramics are promising as a highly efficient,

high power microchip laser material.

This work was partially supported by the Grant-in-Aid for Scientific Research #10555016,

from The Ministry of Education, Science, Sports and Culture of Japan.
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