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Diode-pumped actively Q-switched Nd: YAG laser at 946 nm* 
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A diode-pumped Nd. YAG acousto-optically(A-O) Q-switched laser at wavelength 946 nm formed 
with a simple plane-plane cavity has been demonstrated. The maximum average output power was 
850 mW. The highest peak power was 531 W with the pulse repetition rate of 20 kHz and pulse width 
of 80 ns at the incident pump power of 19.5 W. 
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Compact, solid-state lasers emitting nanosecond pulses 
wavelength near 946 nm are of a particular interest be- 
cause of several important practical applications. The 
need for an efficient and simple solid-state laser source 
in the blue has been the most motivating reason for in- 
vestigating the 946 nm laser emission in Nd: YAG,as it 
allows generation of blue light by direct frequency dou- 
bling or sum frequency mixing of diode lasers. A high 
energy pulsed laser operating on this transition would be 
useful to the remote-sensing scientific community in 
view of the presence of strong atmospheric water-vapor 
absorption lines near 946 nm. However, cras section. Re- 
searchers have reported diode pumped all-solid-state cw 
and passive Q-switched laser operation at wavelength 
946 nm by use of the line 4 Fa/2___~4 Ig/z transion in Nd: 
YAG[-1-8~. Previously, a high-energy Q-switched opera- 
tion on this transition of Nd:YAG has been demonstra- 
ted, employing a folded laser resonator E9~. Its devices 
were complicated. In this letter, we report dficient oper- 
ation of a compact diode-pumped acousto-optical Q- 
switched Nd:YAG laser at wavelength 946 nm formed 
with a simple plane-plane cavity. 

Efficient lasing on the 946 nm transition (~ Fa/z _.4 
I9/2 ) is considerably more difficult to achieve than on the 
more familiar 1 064 nm transition. This is partly due to 
its quasi-three-level nature which results in a significant 
reabsorption loss at room temperature, and a very small 
stimulated emission cross section. It exhibits a signifi- 
cant thermal population of the lower laser levels. For a 
low laser threshold, the short gain dements and a high 
pump power should be required. This was achieved by 
using an end-pumped configuration(see Fig. 1). In our 
experiment,we built a laser with a simple plane-plane 
cavity, the pump source was a 30 W laser diode with a 
center wavelength of 808 nm, the numerical aperture (N. 
A. ) is 0.2. The pump beam focused into the laser crystal 
with a spot radius of about 320/~m. The plane-plane 
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cavity lengths that were experimentally used are 72 mm 
and 96 mm, respectively. The Nd: YAG crystal (0. 5 
at. %) was 3 mmX3 minx  3mm in size. The left side of 
the Nd: YAG crystal was coated to be highly reflecting 
(HR) at 946 nm, and anti-reflecting (AR) at 808 nm 
pumping wavelength. It also acted as the input mirror 
M1. The other side of the crystal was coated for AR at 
946 nm and 808 nm. The output couplers (M2) used in 
the experiments was a flat mirror with transmittance at 
946 nm of 3.2 }/0. The A-O Q-switching crystal was in- 
serted into the cavity at the position possibly close to the 
output coupler as where the laser beam spot size was at 
the minimum. The pulse temporal behavior was recor- 
ded by a fast photodiode detector and oscilloscope. 
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Fig. 1 Schematic for A-O Q-switched Nd..YAG laser 

Under high-power end-pumping conditions, the ther- 
mal lensing in the laser crystal will be strong enough to 
drive the stable state of plane-plane resonators deep into 
the stable region. The effective focal length for the entire 

crystal is given byE10-1 

=Kc o~2p ( 1 )) (1) 
f --  pph(dn/dT)  "1 - e x p ( -  al 

where Pph is the fraction of pump power that results in 
heating, Pth = [-I -- O.p/2) ~pin = E1 -- (808/946) ~ = 0. 15 
Pin(P~n is the pump power) ,a  is the absorption coeffi- 
cient of the crystal which depends on the Nd a+ doped. 
Kc is the thermal conductivity, d n / d T  is the temperature 
coefficient of the refractive index. From Eq. (1) it can be 
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seen that the effective focal length depends on the square 
of the pump beam radius cop, and is independent of the 
crystal length l. Thus in order to minimize the thermal 
focal length and maximize the performance at a given 
pump power, one should utilize the largest possible 
pump radius that maintains an acceptable pump beam to 
laser beam mode match. In our experiments, an effective 
thermal focal length is calculated in Nd: YAG. Emplo- 
ying Eq. (1) ,the focal length of thermal lens is approxi- 
mately 8 cm under the maximal incident pump power of 
19.5 W. It should be noted that this focal length is com- 
parable to the resonator length. The thermal tensing 
effect crucially influences the resonator stability and the 
mode spot size leading to the fall of output power. 

The A-O Q-switch was laid into the cavity, which 
generated pulses with repetition rate of 20 kHz,  the 
shortest pulse width of ~ 80 ns. Using two different 
length of the plane-plane cavity, the A-O Q-switched at 
room temperature was measured. The short cavity is 
more suitable for high-power pumping. The output 
power was linear with the incident pump power. Fig. 2 
shows the output characteristics of Q-switching opera- 
tion at different incident pump power. For L =  7.2 cm, at 
the incident pump power of 19.5 W,the  946 nm opera- 
tion average output power of 850 mW was achieved,cor- 
responding to an optical conversion efficiency of 4. 4 %,  
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Fig. 2 The A-O ~switch averaged output power of Nd.. YAG 

laser as a function of incident pump power 

peak power of 531 W. For L=9' .  6 cm,the output power 
was lower than that obtained for L = 7. 2 cm in the 
whole range of pump power. 

When the incident pump power was 19.5 W,the  out- 
put power tended to saturate,and the maximum output 
power of 580 mW was obtained, corresponding to an op- 
tical conversion efficiency of 3 %,  peak power of 363 W. 
These results were related to the higher diffractional 
loss, narrower thermal stability range and worse mode 
match between the pump and oscillating beams com- 
pared with the case of L = 7.2 cm. This simple optical 
system has good output mode and high stability, and it 
is convenient for extra-cavity frequency doubling to ex- 
tend the wavelength to blue range. 

In conclusion, we have demonstrated efficient room- 
temperature operation of a compact diode-pumped a- 
cousto-optical Q-switched Nd: YAG laser at 946 nm, u- 
sing a simple plane-plane cavity. In our experiment, the 
maximum Q-switched output power at 946 nm were 850 
mW,corresponding to an optical conversion efficiency of 
4 .4% ,peak power of 531 W. Our result proves that this 
scheme is of practical value for the construction of a in- 
frared all-solid-state laser. 
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