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Objectives
- B-BaB204(BBO) crystals for high-power visible and
UV generation
- Fast, high-yield growth process

- Improved optical quality: high crystal uniformity and
elimination of scattering defects

- Low manufacturing cost process

Approach
- Use metastable (derect) melt growth for 100 times
faster growth rates

- Detemine thermal parameters for consistent growth
of B-phase

- Eliminate the use of solvent to prevent flux inclusions
and reduce optical scatter

- Develop reproducible seeding technique to
maximize vyield
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Properties of BaB204

Space group ‘Unit cell
o (high temperature) R3c (trigonal ;
B (low temperature) R3c (trigonal, ol 7
‘::% ‘

. e AP =
Thermodynamics A= ORg B o
Melting point 1095 oC T . '
a-p Phase transiton 925 oC o & 14T +

| /L 2
Physical properties | 53 i
Thermal exp. coeff. '_ | o2
a4z 4X10—6/°C - ! >
033=36x107/0C . ) —
n ! L] = _
Thermal conductivities : t goim,
K11=0.08 W/m oK 3 /Vl/\. :,ép\ﬂ
X‘/ "
Transparency  0.190-3.50 um - | T
Phasematchable wavelengths (SHG) : o.gﬁq—gi
0.205-1.50 um | E E’
Damage threshold (A : 1.064 um)

- 13-15 GW/cm?2
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Comparison of BBO crystal growth techniques

Solution (flux) growth Melt growth

- Stable growth - Faster pulling rate:
Advantages 0.5-10 mm/

- Strain free - Inclusion free

- Large size obtainable

- Crystal puliing rate: - Meta-stable growth
<imm/day -Strain and cracks
- Inclusions and light - Restricted crystal
Disadvantages scatters size and growth
- Compositional con- direction
tamination due to
flux
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Flow chart of BBO crystal growth

Charging le—— Sintered BBO powder

1050 OC‘W
Melting @ 1210 0C «@

Soaking >30 min.

Supercooling] -10~-15 OC 10400C

| mooocﬁ
Dipping | | :

Pulling 3mmh

Tailing

Coolingj - -2590C/
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Melt Air

Distance from melt (mm)

Fig. Temp. gradient near the growing point
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Seeds

(1). Pt 3-wire bundle ------ > mostly a-phase

(2). B-BBO crystal --------- > B-phase > a-
- size 1 ¢ 2~3 mm, 5~10 mmin length

Surface cracks ------> Crystal is apt to drop
into melt on pulling
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i

- Barium Borate

~

H one centimeter

Fig. [-BBO sinqle crystals
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Fig. $-BBO crystal grown from the much used melt
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Temparaoture DtFFnro;i;‘,-_('t;/@

Temparoture Differenca (*C/mg

c.0

0. 4+

- BBO, starting mat.

v

Temparature (°C)

1000

—

1200 1400
Cenerol V4.00 DuPont 210

0. 4

0. 2+

0'0-‘

- BBO, remained melt

-0.2
200

L

400 . 860

Y g

Teeparcturs (°C)

1200 1400
GCaneral V4.00 DuPont 21

Fig. DTA curves of the starting smtemd Jmat. and the remained melt of BBO
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~ Conclusions
‘- B-BBO single crystals, ¢2cm, 2~4cm in length
- Large dT/dz on melt -----> $-BBO crystéls |
- Seed, 8-BBO crystal
- Higher quality than flux grown BBO crystals

Future works
- Defects investigation |
- Large size -BBO single crystal growth
- Doped BBO‘ crystal growth
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