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Recently, the development of new crystal materials for optical applications has become a focus
of considerable interest because of the progress of optoelectronic technologies. We have carried out
investigations focussing on the development of new optical and electrical materials, by systematic
investigations of advanced crystal growth techniques. Here, research and progress in development

of new materials and crystal growth techniques.is reviewed.

1. New matenals

A Nd:YVQ, single crystal is the candidate for an LD pumped solid state laser. However,
difficulty in growing sizable crystals of high optical quality has limited their industrialization. To
solve this difficulty, the modified Czochralski (CZ) method has been developed. We have
successfully grown a Nd:Y VO, single crystal and even a new crystal material, GdVO,, with high
quality by the modified CZ method. Fig.1 shows an as-grown Nd:GdVO, single crystal pulled at a
rate of 2mm/h. Since the laser performance of Nd:GdVO,, such as slope efficiency, output power
and threshold pump power, has exceeded that of Nd:YVQ,, Nd:GdVO, is expected to be a
promising candidate for an LD pumped solid state laser.

Recent progress of electronic technology requires new piezoelectric crystals having superior
properties such as zero temperature coefficients and large electromechanical coupling factors.
Although La,Ga,S10,, (LGS) 1s a leading candidate to satisfy those requirements, there are few
reports concerning the crystal growth and the precise piezoelectric properties. We have successfully

grown LGS single crystals with dimensions of 2 inches in diameter by the CZ method. Fig.2



shows an as-grown LGS single crystal pulled at a rate of Imm/h. Grown LGS single crystals
showed superior piezoelectric properties. By aliovalent substitution, a new piezoelectric material
La,Ga, ;Nb, (O,, (LGN) was developed. Under the same growth conditions as for LGS, an LGN
singie crystal was also successfully grown. LGN showed slightly favorable piezoclectric properties
to those of LGS. LGS and LGN single crystals are superior materials for piezoelectric devices and

we could expect to realize a small-sized wide band filter with lower insertion loss.

2. Advanced crystal growth

In micro single crystals with diameters below 1 mm, a low defect density can be expected. We
have developed a micro-pulling down (u -PD) method by modifying the micro-CZ method. This
enables the growth of fiber shape oxide and semiconductor crystals. K;Li,Nb,O,; (KLN) and
LiNbO, (LN) micro crystals without cracks and with homogeneous composition along a growth
axis, have been successfully grown (Fig.3). Since incongruently melting materials such as KLN
could be grown from melt with high growth rate, x-PD method is a promising growth technique.
KLN micro crystals showed strong blue light emission based on those superior non-linear optical
propertics. The precise control of growth atmosphere let us succeed also in growing Si and Si-Ge
fiber crystals with dimensions of 200 y#m in diameter.

Numerous efforts have been made to realize the growth of LN thin film single crystals with high
quality. Solid-liquid coexisting liquid phase epitaxy (LPE) brought us success in growing high
quality LN thin film single crystals with dimensions of 3 inches in diameter on the LN substrate for
optical waveguide applications (Fig.4). The quality of grown film crystals was higher than that of
optical grade of LN substrate. Wide range variation of thickness and composition of grown thin
film LN crystals was also valid by solid-liquid coexisting LPE method.

Er** doped CaF, thin film crystals have been successfully grown on the substrate of CaF, single
crystals (Fig.5), by molecular beam epitaxy (MBE). While the MBE method has been used for the
growth of semiconductor materials, this method was found to be applicable to the growth of oxide
and fluoride materials. Green light emission was observed from the grown Er:CaF, thin film by the
up-conversion process of energy levels in Er’*. A series of rare-earth fluoride thin film crystals are

expected to be grown and extended in their application range by the MBE method.



Although a ZnSe single crystal 1 one of the most pronusing materials for the blue light laser, the
difficulty of its growth has sull limited industrialization. Twinning phenomena were the faults of its
growth. Using polycrystals as a seed crystal, we have successfully grown ZnSe bulk single
crystals with drastically reduced twin density by the vertical Bndgman method. (100) substrates

suitable for homoepitaxial growth could be cut off from grown crystals (Fig.6).
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Fig.2 As-grown La,Ga,S10,, single crystal.
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Fig.4 3-inch wafer size LN epitaxial {ilm.
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Fig.5 Er:CaF, thin film crystal on CaF, substrate. Fig.6 Polished (100) ZnSe wafer.
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( Growth conditions)

-

- ratation rate I 10 rpm )

- pulling rate : 1~3 mm/h

- starting materials . oxide powders (4N)
stoichimetric composition )
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B Efficient Use of Frequency
' High Quality,/Security
P> Economical System

-

Digitalizing

Digital Cellular System
>Japan . PDC (personal Digital Celiular System)
P>Europe . GSM (aiobal system for Mobile Gom.)

P> North America - TIA (Telecom. Industry Assn.)

=

Piezoelectric
Components
- High Frequency
P Micromachining
P Small Loss
P Wide Pass Band
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Outline

1. Introduction

2. New Langas’ite type piezoelectric
single crystals grown by CZ method

3. Blue SHG KLN single crystal grown
by «-PD method

4. Er: LaF, film crystals for up conversion
laser grown by MBE method

5. Summary



Generation of blue SH laser

SHG ;

Fundamental ;
820 nm, 160 mW

SHG efficiency

Theoretical value : 2.08%/W__ .
Maximum value : !
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SHG properties
along the growth axis
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3. Characterization

- KLN single crystal fiber

200 um

cross-section | -side
microscopic image

e Rectangular cross-section, [ ]0.5-0.8mm

e Uniform diameter

e Maximum length ~300mm

« No macro defects (crack, inclusion, bubble)
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Blue SHG crystal

KNbO5(KN): Small temperature
allowance, Twin

. — N
KsLiz xNDs5,xO15.2x(KLN):
- Large nonlinear coefficient
- No optical damage
- Mechanical and chemical stability
- Y,

device size growth
Kegt = 1

A\ '
p-PD method

CZ and TSSG methods ]

many <« Crack—» free

Y - A\
composition .
large fractpl?ation > low
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“ukud: lab.

Micro single crystais

dia. orientation | pulling rate
(1m) (mm#)
Oxide
K3LioNDbsOy 5 150~1000 |. <100, <001> 10~80
K3Li2Tabe5;xO1 5 500~8OO < 1 OO’ 3~9
LiNbO4 60~1200 <100, 001> 12~90
Ca3(Nb,Ga>2,xGaao12 SOO"’BOO ‘1 1 1 4 20
NaGd(WQO,), : ~500 Q01> 20
CasLibe1 '5+XG83_5_2XO12 800~1 200 ‘1 1 1 > 3~18
- Pb,Nazn,V5045 800~1200 11 6
NaCa,Mg,V;045 SOO~1 200 d11> \ 6
LazGasSiO 4 ' 500~800 001> 20
Semiconductor
Si 100~500 aA11 - 3~300
SiGe 500~1200 a1 3~120
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New Langasite typé piezoelectric
single crystals grown by CZ method
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by w-PD method
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(- Experimental procedure )

Schematic of MBE growth
Vacuum chamber
_]=<— CaF2 (111)
P . substrate
Knudsen cell = Shutter.
~
CaFz / ErfFs3
S | =,
L— Liquid nitrogen

<Growth conditions> |
Substrate temperature 450~550C
Growthrate 0.1~1.0um/h

Film thickness around 1 um

Er3+ concentration 1.3~26wt%
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- RHEED pattern of. 1 36 wit% Er doped CaFz film
aznmuth <1-2 1>

— "N

LR cw'myvm"“l"*"‘:"‘?]‘_‘""" .
. R 3 .

Er'Can film ~— ErFa film

. CaFz2.(111) CaFz (111)

substrate substrate

_.Er:CaFz and ErFs single crystal films grown
- by MBE technique ’
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. Introduction

2. New Langasite type piezoelectric
single crystals grown by CZ method

3. Blue SHG KLN single crystal grown
by w-PD method

4. Er: LaF3 film crystals for up conversion
‘laser grown by MBE method

5. Summary



