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Fig. 1 Schematic of the ILHPG method (left) 
and side view of the molten zone (right) 

the glass tube for a time and heat radiation 
is emitted from the surface of the glass tube. 
As a result, direct and localized heating of 
the source rod is avoided. The tip of the rod 
is melted by the radiation from the glass 
tube, and then, a molten zone is formed by 
dipping the oriented seed crystal. Then the 
crystal is grown by pulling it out of the melt 
while simultaneously feeding the source rod 
into the molten zone. 

The shape of molten zone is maintained 
by a balance between the effects of gravity 
and the surface tension which depends on 
the viscosity of the melt. It is important to 
keep the molten zone at an optimum size to 
stabilize crystal growth. Otherwise, the 
balance between gravity and surface tension 
is destroyed by excessive broadening of the 
molten zone, and the zone is broken down. 
So, not only the temperature, but also the 
size of the molten zone should be controlled. 
It is difficult to maintain the molten zone 
only by adjusting the laser power because 
rising the laser power broaden the heated 
part of the glass tube due to thermal 
conductivity. Thus we added a gas flow 
around the tube to suppress the excessive 
broadening of heated zone. Then broadening 
of the molten zone is prevented. 

The growth apparatus is shown in Fig. 2. 
The focusing optics are in the growth box 
with holes at the top and bottom. The seed 
crystal and the source rod are attached to the 
tips of the poles. Their position can be 
adjusted, and they can also be moved up or 
down. The 3 mm-diameter glass tube is 
attached to the lower pole. The laser beam 
is passed through a ZnSe window and 
focused on the glass tube by the optics. 

C02 
laser 
beam 

Seed and 
grown crystal 

Fig. 2 ILHPG growth apparatus 

Fluctuation of the laser beam power is less 
than 2 %. Helium gas is introduced into the 
growth box from the lower hole using nozzles 
and ejected from upper hole to make the gas 
flow around the glass tube. An example of 
the temperature gradient is shown in Fig. 3. 
The main effect of the gas flow is to narrow 
the heated zone. Therefore, the temperature 
gradient and maximum temperature in the 
tube are optimized by controlling the power 
of the laser beam and gas flow so as to 
maintain the molten zone at an optimum 
size. 

The advantages of the ILHPG method for 
organic crystal are as follows: (1) Large 
growth rate: Growth rates as high as 5 
mmlhr are attainable. (2) No stress from the 
growth container. (3) No solvent inclusions. 
(4) Precise temperature and temperature 
gradient control over wide range. (5) Short 
period in molten form: The temperature of 
the compound is above the melting point for 
only about 10 minutes. (6) Any crystal 
growth direction. 

Therefore, crystals can be easily grown 
long enough in the phase-matched direction, 
which is the biggest advantage of the ILHPG 
method. 

155 160 165 170 175 180 
Temperature(°C) 
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Table 2 SH intensity ratio for AANP vs. BBO 
--

Fundamental 
crystal crystal SH 

wavelength 
direction length (AAN~H 

8(0) <JW) (mm) (880*) 

1.32 !Jm 90 60 4.5 72 

1.55 11m 60 90 1.8 6.7 

* Length of the 880 crystal is 5 mm 

with 5-mm-long beta-barium borate (BBO) 
crystal oriented along the type I phase
matched direction for each fundamental 
wavelengths. The ratios of the SH intensity 
of the AANP crystals to that of the BBO 
crystal are shown in Table 2. In both cases, 
AANP crystals show conversion 
efficiencies. However, intensity at 1.55 
mm is much lower than expected. We think 
that absorption in the fundamental 
wavelength region of AANP influences 
SHG efficiency. 

We observed optical parametric 
generation (OPG) using a 2.5-mm-long AANP 
crystal oriented at e=90° and ~=62°. The 
crystal was rotated around the c-axis to 
change the wavelength of the signal and idler 
beam. Pump-beam wavelength was 0.61 
J..tm, peak power was 5 MW, duration was 
0.2 ps and polarized perpendicular to the c
axis. crystal configuration and the 
output wavelength dependence on crystal 
rotation are shown in Fig. 5. A signal beam 
from 1.63 to 1.42 Jlm and an idler beam from 
0.98 to 1.06 f.Lm were obtained. The 
polarization of signal and idler beam was 
perpendicular and parallel to the c-axis 
respectively, which indicates the type II 
phase-matching. 

Output intensity of the AANP crystal is 
compared with a potassium titanyl 
phosphate (KTP) crystal in Fig. 6. The 
output intensity of the 2.5-mm-long AANP 
crystal is 10 times higher than that of a 5-
mm-long KTP crystal pumped at 0.61 flm. 

5. CONCLUSIONS 

Using the ILHPG method, long rod-like 
single crystals of organic material in any 
orientation have been successfully fabricated. 

ILHPG makes it possible to grow long rod
like AANP crystals with phase-matched 
direction and higher wavelength conversion 
efficiency is expected. We confirmed second 

E' 
::i.1.7·~~!~~3 ~ 1·5 Lsignal ; g 1 .3 t=f, ~-=t=l=1 
~ 1.1 f=:::'ldler -+---r--;. 

iO 0·9o 5 10 15 20 25 
§: o(degree) 

Fig. 5 OPG crystal configuration (left) and 
wavelength dependence on crystal rotation (right) 

KTP 
5mm 

AANP 
2.5mm 

Fig. 6 OPG intensity of AANP and KTP 

harmonic and optical parametric generation 
using ILHPG-grown AANP. crystals. AANP 
crystals show higher efficiency than 
conventional inorganic ones. These results 
show that the practical application of organic 
AANP crystals is possible. 
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