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CVD ZnSe (CVD Zinc Selenide) - Main Properties 
 

Zinc selenide is a clear yellow polycrystalline material with a grain size of approximately 70µm, 
transmitting in the range 0.5-15µm. It is essentially free of extrinsic impurity absorptions, providing 
extremely low bulk losses from scatter. Zinc Selenide, produced by the method of chemical vapour 
deposition, is the preferred material for optics used in high power CO2 laser systems due to its low 
absorption at 10.6µm. However it is also a popular choice in systems operating at various bands within 
its wide transmission range. ZnSe has a high 
resistance to thermal shock making it the best 
material for high power CO2 laser systems. 
ZnSe however is only 2/3 the hardness of ZnS 
multi-specral grade but the harder anti-
reflectance coatings do serve to protect ZnSe. 
Zinc Selenide is a relatively soft material and 
scratches rather easily. It requires an anti- 
reflection coating due to its high refractive index 
if high transmission is required. ZnSe has a 
rather low dispersion across its useful 
transmission range. For high power applications, 
it is critical that the material bulk absorption and 
internal defect structure be carefully controlled, 
that minimum-damage polishing technology be 
employed, and the highest quality optical thin 
film coatings are used. 
 
Optical Properties 
Bulk Absorption Coefficient @ 10.6µm 0.0005/cm 
Temp. Change of Refractive Index @ 10.6µm 61x10-6/°C 
Refractive Index Non-homogeneity @ 632.8nm <6X10-6  
 
Thermal Properties  
Thermal Conductivity 0.18W/cm/°C 
Specific Heat 0.356J/g/°C 
Linear Expansion Coefficient @ 20°C 7.57x10-6/°C 

 
Mechanical Properties  
Young's Modulus 6.85X1011 dyne/cm2 
Rupture Modulus 5.7X108 dyne/cm2 
Knoop Hardness 110-130Kg/mm2 
Density 5.27g/cm3 
Poisson's Ratio  0.28 

 
Refractive Index of CVD ZnSe: 
Wavelength 

(µm) Index Wavelength 
(µm) Index Wavelength

(µm) Index Wavelength 
(µm) Index 

0,54 2,68 1,8 2,45 7,4 2,42 13.0 2,39 
0,58 2,63 2,2 2,44 7,8 2,42 13,4 2,38 
0,62 2,60 2,6 2,44 8,2 2,42 13,8 2,38 
0,66 2,58 3.0 2,44 8,6 2,41 14,2 2,37 
0,70 2,56 3,4 2,44 9.0 2,41 14,6 2,37 
0,74 2,54 3,8 2,43 9,40 2,41 15.0 2,37 
0,78 2,53 4,2 2,43 9,80 2,41 15,4 2,36 
0,82 2,52 4,6 2,43 10,2 2,41 15,8 2,36 
0,86 2,51 5.0 2,43 10,6 2,40 16,2 2,35 
0,90 2,50 5,4 2,43 11.0 2,40 16,6 2,35 
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0,94 2,50 5,8 2,43 11,4 2,40 17.0 2,34 
0,98 2,49 6,2 2,43 11,8 2,39 17,4 2,34 
1.0 2,49 6,6 2,42 12,2 2,39 17,8 2,33 
1,4 2,46 7.0 2,42 12,6 2,39 18,2 2,33 

 
Zinc Serenade Transmission without AR-caoting 

 
 
Zinc Serenade Transmission with AR-coating at 10.6um 
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Adhesive-Free Bond (AFB®) Components 

 
We are the world leader in the manufacture of finished composite crystal and glass components for 
solid-state lasers. We patented its Adhesive-Free Bond® technology, which enables the joining of 
crystal or glass optical materials without the use of an adhesive or an organic or inorganic bonding aid. 
Composite optical components manufactured using Adhesive-Free Bond (AFB®) technology will enable 
cost-effective systems of increased output power and improved beam quality. 
 
AFB® allows for the separation of functionalities of laser components into lasing and non-lasing regions, 
which is critical for high power DPSSL systems. Our AFB® composites offer a new degree of freedom 
for the design engineer's realization of rugged, compact, solid state laser systems. 
 
In addition to providing AFB®, we possess full-finishing capabilities. We work to support our customers 
from the conceptual design phase all the way through to large-scale production. Please contact us to 
discover how AFB® composites can improve your laser system. 
 

    
 
1. Standard Adhesive-Free Bond (AFB®) Components 
 
Slab, Disk, Rod AFB® Components 
We have product lines of various Slabs, Disks and Rod-based AFB® 
components. 
 
Vanadate AFB® Components 
AFB® YVO4 or GdVO4 components are extremely useful for higher power in YVO4-based laser 
systems. Undoped end-caps increase damage threshold by separating the pump input face with the 
lasing doped portion. We produce slabs and rods with plano or spherical end faces. 
 
Microchip AFB® Components 
AFB® microchips, especially in the form of Nd:YAG/Cr4+:YAG passively Q-switched microchips have 
found a host of applications due to their compact size and the incorporation of both the lasing material 
and q-switch into a monolithic element. This approach minimizes system complexity and system size, 
and maximizes efficiency. 
 
Waveguide AFB® Components 
Tolerances of λ/30 flatness over the core and dimensional tolerances down to +/- 0.001mm over the 
core are available. 
 
2. Customized AFB® Components 
 
We welcome all inquiries about the feasibility of AFB® composite optical components. We are interested 
in discussing and manufacturing new material combinations and structural geometries. It is our goal to 
provide high-quality composites that will provide a solution for your system's needs, so we encourage 
any design submissions for review. 
 
Large AFB® Components 
We have become well known for its ability to produce crystals of larger sizes than previously possible. 
 
MOSAIC AFB® Laser Components 
With MOSAIC AFB® multiple crystals are edge-AFB®'d together in array fashion to produce larger 
plates or slabs. For example, if the maximum size of a certain crystal is 50x50x5mm, four plates could 
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be MOSAIC AFB®'d to produce one 100x100x5mm plate. This is useful for both active laser crystals 
such as Yb:YAG, Nd:YAG, Nd:GGG, Yb:S-FAP and inactive window material such as sapphire or 
spinel. 

 
3. Adhesive-Free Bond (AFB®) Technology 
 
Adhesive-Free Bonding (AFB®) is patented technology developed and owned by us. Since laser 
environments dictate robust components with minimal loss or damage, Adhesive-Free Bond (AFB®) has 
been developed to produce strong and optically transparent bonds. Both similar and dissimilar crystals 
and glasses may be bonded using this unique process. In most cases AFB® is as strong as bulk 
material. 
 
We have patents in the U.S. for bonding without any adhesive at the interface. We had originally called 
the process diffusion bonding because volatile components are diffusing out during the bonding 
process. Thermal and optical bonding are two other names for the same type of bond. Chemically 
activated bonds have some chemical component at the interface between components and are 
therefore not as strong or as stable as if there were no adhesive at the interface. Chemically activated 
bonds also are not compatible with composites consisting of differing materials such as YAG and 
sapphire or YAG and spinel, whereas adhesive-free bonds are. 
 
4. Adhesive-Free Bonding Applications: 
 
Defense and Aerospace 
• Missile defense  
• Lidar  
• Remote Sensing  
• Range-Finding  
• Countermeasures  
• Wind speed measurement  
• Cloud and aerosol monitoring  
 
Materials Processing 
• Drilling, cutting, welding  
• Marking  
• Stereolithography  
• Thickness of thin films  
 
Medical Surgery 
• Ophthalmology  
• Orthopedics  
• Microsurgery  
• Aesthetic skin resurfacing  
• Hair removal  
 
OEM 
• High Power DPSSL  
• OPO Pump  
• Ring laser  
• Microchip laser  
• CD writing  
 
5. Adhesive-Free Bond (AFB®) Features 
 
• Elimination of ground state absorption losses of quasi-3-level lasing ions, especially for high power 

Yb:YAG based rod and slab systems  
• Reduction of parasitic oscillations by using Adhesive-Free Bond (AFB® undoped or laser radiation 

absorbing crystals  
• Reduction of thermal lensing and other thermal effects with undoped YAG or sapphire acting as heat 

sink  
• Passive q-switching with e.g. Cr4+:YAG as integral component of lasing element  
• Elimination of spatial hole burning for non-planar ring laser (NPRO) by allowing the reflected beam 

to traverse through an undoped crystal  
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• Mechanical support of thin lasing layers, down to about 2-4 µ thickness, thereby also essentially 
eliminating thermal effects in this geometry to a negligible level  

• Undoped ends in rods, shaped as straight cylinders or flanges, can function as light ducts for pump 
radiation  

• Light guiding and wave guiding effects by combining dissimilar compatible materials of different 
refractive index, e.g. YAG lasing medium with sapphire cladding, YAG with spinel, and GGG with 
YAG cladding  

 
6. Material Combinations 
 
Materials that can be Adhesive-Free Bonded (AFB®) include common laser host media such as oxides 
(YAG, GGG, Sapphire, Spinel), fluorides (YLF, LuLiF, S-FAP), vanadates (YVO4, GdVO4), crystals as 
well as glasses. In selected compatible cases (for example YAG/Spinel, YAG/Sapphire and YAG/Glass), 
dissimilar materials may be AFB®'d with high bond strength. The most common combinations are  
YVO4/Nd:YVO4, Yb:YAG/YAG, Yb:YAG/sapphire, Cr4+:YAG/Nd:YAG, Nd:YAG/YAG, Nd:YAG/Cr4+:YAG.   
 
AFB® composites are available with the following materials, and we welcome inquiries regarding the 
feasibility of any materials that you do not see listed: 
• YAG  
• LuAG  
• GGG  
• TeO2  
• SiC  
• Diamond  
• Sapphire  
• LiNbO3  
• YALO (YAP)  
• YVO4  
• YLF  
• LuLiF  
• S-FAP  
• Ti:Sapphire  
• SrTiO3  
• Spinel  
• Laser glass  
• Fused silica  
• Optical glass  
• Ceramics  
• KTP  
• ZGP  
• ALON  
• GVO4  
Optical coatings at bonded interfaces are available. 
 
7. Pump Geometries 
 
Adhesive-Free Bond (AFB®) is useful for end-, face-, and side-pumped laser geometries to greatly 
reduce thermal end-effects and to provide a new degree of engineering freedom for the laser designer. 
End- and face-pumped systems benefit greatly from AFB® undoped end caps due to the higher damage 
threshold of the pump end of the laser component and separating the pump absorption from the optical 
coating. Side-pumped geometries also benefit from higher damage thresholds with AFB® of undoped 
end caps and high thermal conductivity side claddings. 
 
8. Properties of Composites 
 
Although there are differences between composites, the following summary of properties applies to 
most representative combinations: 
 
Mechanical and Thermal 
• Flexural strength: Same as non-composite control samples  
• Thermal shock resistance: Same as non-composite controls; no separation at interface during failure  
• Can be finished and optically coated like conventional crystals  
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Optical Properties 
• Transmitted wave front unchanged; may actually be improved in long rods by selective arrangement 

of individual components with respect to each other  
• Negligible stress birefringence  
 
Interface Properties 
• Very high laser damage resistance  
• Negligible scatter or absorptive loss  
• Fresnel reflection corresponding to difference in refractive index of components 

 
Typical AFB Rods 

   
 

Un-doped doped Un-doped P/N Con
fig φ L M. L1 M & % L2 M. L3 

End 
surface Coating Qty

0128 A 4 20 YAG 5 Nd:YAG, 1.1 10 YAG 5 F/F none  
0136 A 5 22 YAG 5 Nd:YAG, 1.0 12 YAG 5 1o wedge none 2 
0138 A 6.35 156 YAG 20 Nd:YAG, 0.6 116 YAG 20 F/F none 1 
0143 A 2 8.5 YAG 2.75 Nd:YAG, 1.0 3 YAG 2.75 F/F none S 
0150 A 2.7 55 YAG 9.5 Nd:YAG, 1.1 36 YAG 9.5 F/F none 1 
0153 A 3 63 YAG 7 Nd:YAG, 0.8 49 YAG 7 F/F none 1 
0156 A 2 10 YAG 2.5 Nd:YAG, 0.6 5 YAG 2.5 F/F none 4 
0165 A 4 54 YAG 7 Nd:YAG, 0.1 40 YAG 7 F/F none 2 
0172 A 3 3 YAG 1 Nd:YAG, 1.1 1 YAG 1 F/F none 1 
0173 A 4 20 YAG 5 Nd:YAG, 1.1 10 YAG 5 F/F none 1 
0174 A 3 4 YAG 1 Nd:YAG, 1.1 2 YAG 1 F/F none 2 
0180 A 6.35 140 YAG 20 Nd:YAG, 0.6 100 YAG 20 F/F none 1 
0184 A 3 54 YAG 7 Nd:YAG, 0.1 40 YAG 7 F/F none 1 
0185 A 2 8.5 YAG 2.75 Nd:YAG, 1.0 3 YAG 2.75 F/F none 2 
0199 A 3 54 YAG 7 Nd:YAG, 0.1 40 YAG 7 F/F none 4 
0140 A 1.5 65 YAG 22.5 Nd:YAG, 0.5 20 YAG 22.5 F/F none 1 
0192 A 4 20 YAG 5 Nd:YAG, 1.1 10 YAG 5 F/F Note 1) 1 
0200 A 3 54 YAG 7 Nd:YAG, 0.1 40 YAG 7 F/F none 2 
0134 A 3 95 YAG 15 Tm:YAG, 3.0 65 YAG 15 F/F none 1 
0155 A 3 105 YAG 20 Tm:YAG, 3.0 65 YAG 20 F/F none 1 
0162 A 4 20 YAG 5 Tm:YAG, 3.0 10 YAG 5 F/F none 1 
0186 A 2.5 27.8 YAG 5 Tm:YAG, 3.0 17.8 YAG 5 F/F none 1 
0202 A 3 85 YAG 10 Tm:YAG, 3.0 65 YAG 10 F/F none 1 
0210 A 3 100 YAG 10 Er:YAG, 0.5 80 YAG 10 F/F none 1 
0203 A 2 50 YAG 15 Yb:YAG, 3.0 20 YAG 15 F/F none 1 
0182 A 4 52 YLF 16 Th:YLF 20 YLF 16 F/F none 1 
0500 A 8 150 YAG 5 Nd:YAG, 1.1 140 YAG 5 F/F none  
0195 B 12.7 12.7 YAG 6.35 Sapphire 6.36   F/F none 1 
0167 B 5 15 YAG 4 Nd:YAG, 1.0 11   F/F none 2 
0191 B 9 12 YAG 3 Nd:YAG, 0.9 9   F/F none 1 
0145 B 2.5 11 YAG 3 Nd:YAG, 1.1 8   F/F none 2 
0141 B 3 8 YAG 2 Nd:YAG, 1.1 6   F/F none S 
0163 B 3 10 Sapphire 8 Nd:YAG, 1.1 2   F/F none 1 

Note: 1)HR 1064nm, HT 808nm 
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Typical AFB Slabs 

  
 

Un-doped doped Un-doped P/N Con
fig. W H L M. L1 M. & % L2 M. L3 

End 
surface Coating Qty

0132 C 4 4 20 YAG 5 Nd:YAG, 1.1 10 YAG 5 F/F Note 1) 2 
0139 C 5 5 10 YAG 1 Nd:YAG, 1.0 8 YAG 1 F/F none 1 
0151 C 12 2 6 YAG 2 Nd:YAG, 0.6 2 YAG 2 F/F none 3 
0179 C 9 3 64 YAG 2 Nd:YAG, 1.3 60 YAG 2 F/F none 2 
0142 C 2.5 2 17.4 YAG 3.3 Yb:YAG, 1.5 10.8 YAG 3.3 F/F none 1 
0147 C 4 2 28 YAG 12 Yb:YAG, 15 4 YAG 12 F/F none 1 
0161 C 3 3 3.5 YAG 1 Yb:YAG, 15 1.5 YAG 1 F/F none 3 
0164 C 6 3 3.5 YAG 1 Yb:YAG, 15 1.5 YAG 1 F/F none 1 
0170 C 3 3 2.5 YAG 0.5 Yb:YAG, 10 1.5 YAG 0.5 F/F none 1 
0187 C 50 4 6.5 YAG 3 Yb:YAG, 0.5 0.5 YAG 3 F/F Note 2) 1 
0197 C 3 3 20 YVO4 2.5 Nd:YVO4, 0.3 15 YVO4 2.5 F/F none 2 
0133 C 3 3 7.5 YVO4 3 Nd:YVO4, 1.0 1.5 YVO4 3 F/F none 2 
0135 C 3 3 7 YVO4 3 Nd:YVO4, 0.3 1 YVO4 3 F/F none 2 
0137 C 3 3 7 YVO4 3 Nd:YVO4, 0.3 1 YVO4 3 F/F none 1 
0144 C 2.5 2.5 14 YVO4 3.4 Nd:YVO4, 0.3 8 YOV4 2.6 F/F none 1 
0152 C 4 4 14 YVO4 3 Nd:YVO4, 0.3 8 YVO4 3 F/F none 1 
0212 C 4 4 20 YVO4 2.5 Nd:YVO4, 0.3 15 YVO4 2.5 F/F none  
0171 C 3 3 10.5 YVO4 5 Nd:YVO4, 1.0 0.5 YVO4 5 F/F none 1 
0183 C 14 3 3 YVO4 1.25 Nd:YVO4, 0.3 0.5 YVO4 1.25 F/F none 2 
0166 C 4 4 22 YLF 5 Tm:YLF, 3.5 12 YLF 5 F/F none 1 
0126 C 4 4 12 YLF 5 Tm:YLF, 3.5 8 YLF 2 F/F none 1 
0211 C 3 3 25 YVO4 3 Nd:YVO4, 0.3 19 YVO4 4 F/F none  
127A D 4 4 10.4 YVO4 3.7 Nd:YVO4, 0.5 6.7   F/F none 1 
127B D 4 4 10.6 YVO4 3.8 Nd:YVO4, 0.5 6.8   F/F none 1 
127C D 4 4 10.3 YVO4 3.5 Nd:YVO4, 0.5 6.8   F/F none 3 
0130 D 3 3 10 YVO4 2 Nd:YVO4, 0.3 8   F/F none  
0131 D 3 3 10 YVO4 2 Nd:YVO4, 0.3 8   F/F Note 1)  
0148 D 3 3 10 YVO4 2 Nd:YVO4, 0.5 8   F/F Note 3) 1 
0157 D 4 4 8.1 YVO4 0.3 Nd:YVO4, 2.0 7.8     F/F none 1 
0158 D 14 3 3.3 YVO4 3.0 Nd:YVO4, 1.0 0.3     F/F none 1 
0159 D 3.25 3 6.5 YVO4 3.25 Nd:YVO4, 1.0 3.25     F/F none 1 
0160 D 2.8 2.8 11.6 YVO4 3.4 Nd:YVO4, 1.0 8.2     F/F none 1 
0168 D 3 3 7.9 YVO4 3.4 Nd:YVO4, 0.5 4.5     F/F none 1 
0188 D 3.5 3 6.5 YVO4 3.0 Nd:YVO4, 0.5 3.5    F/F none 3 

Note: 1) AR@1064nm & 808nm 
2) AR@1030nm & 940nm 
3) S1:R<0.1%@1064; S2: R<0.1% @1064, R<3% @808nm 
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Nd:YAG Rods 

 
Capabilities: 
 
• Rod size:  2 - 12mm in diameter and 1 - 180mm in length;  
• Nd dopant concentration : 0.6% - 1.3%; 
• Polishing; 
• AR-coating or/and dichroic coating; 
 
Specifications: 
 
• Material:    Nd:YAG 
• Nd dopant concentration:  as specified ± 0.1% 
• Parallelism:   ≤10″ 
• Flatness:    λ/10 @ 632nm 
• Perpendicularity:   <2′ 
• Interference fringes:  < 0.5 fringes/inch 
• Extinction ratio:   > 15db 
• Transmission with AR coating: ≥ 99.8% 
• Damage threshold:   > 15J/cm2 
 

Nd:YAG Crystal 
 
During the last decade, Nd:YVO4 has been developed as a 
promising substitutes for Nd:YAG in diode-pumped lasers due to 
its high absorption and emission cross-sections. However, the 
applications of Nd:YVO4 are limited due to its poor physical-mechanical properties and growth difficulty 
etc. Now, we have developed the high-doped Nd:YAG (SUPER-Nd:YAG) recently. It shows high 
absorption cross-section and have many advantages over Nd:YVO4:  
 
• Due to the cubic symmetry and high quality, Nd:YAG is easy to operate with TEMoo mode  
• Nd:YAG can be Q-switched with Cr4+:YAG directly  
• Nd:YAG can produce blue laser with the frequency-doubling of 946nm  
• Nd:YAG can be operated in a very high power laser up to kW level  
 
The high neodymium-ion doped YAG has been grown by the novel technique-Temperature Gradient 
Technique(TGT). The Nd concentration can be doped up to 3%. As large as φ100x80mm bulk crystals 
with excellent optical homogeneity, less scattering particles, low dislocation density have been obtained.  
 
Basic Properties:   
 
Chemical Formula: Y3Al5O12 
Crystal structure: Cubic 
Lattice constant: 12.01Angstrom 
Melting point: 1970° C 
Density: 4.5g/cm3 
Reflective Index: 1.82 
Thermal Expansion Coefficient: 7.8x10-6 /K <111> 
Thermal Conductivity (W/m/K): 14W/m/K, 20° C   

10.5W/m/K, 100° C 
Mohs hardness: 8.5 
Stimulated Emission Cross Section: 2.8x10-19 cm-2 
Relaxation Time of Terminal Lasing Level: 30 ns 
Radiative Lifetime: 550 μs 
Spontaneous Fluorescence: 230 μs 
Linewidth: 0.6 nm 
Loss Coefficient: 0.003 cm-1 @ 1064nm 
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Laser Properties:  
 
• SUPER-Nd:YAG shows high absorption coefficients at pumping wavelengths. Therefore, a crystal 

short-in length (e.g.1mm) is preferred and compact microchip lasers can be constructed by using 
SUPER-Nd:YAG.  

• Due to the broader and smoothly-varied bandwidth of absorption, it allows of less stringent 
requirements of temperature control.  

• Almost same output have been achieved both in a (111)-cut 1mm long Nd:YAG and an a-cut 1mm 
long YVO4 microchip lasers with a very short (9mm) laser cavity.  

 
Spectra properties with concentration:  
   

Nd:Dopant 2.5% 2% 1.5% 1.3% 1.1% 1% 
Fluorescence lifetime 160μs 180μs 200μs 210μs 220μs 240μs 
Absorption coefficient 7.55cm-1 6.57 cm-1 5.36 cm-1 4.66 cm-1 3.88 cm-1 3.55 cm-1

 
Nd:YAG Specifications:   
 
Standard Dimensions: 3x3x3mm3, 3x3x1mm3 (cubic) 
Diameter: φ3-12mm (rod) 
Length: 1-152mm 
Crystallographic orientation:  <111> 
Nd Dopant Level:  0.7, 0.9, 1.0, 1.1, 1.3, 1.5, 2.0, 2.5± 0.1at% 
Extinction Ratio: >28 dB 
Optical quality: <0.5 fringes/inch 
Diameter tolerance: ± 0.05mm 
Length tolerance: ± 0.7mm 
End face perpendicularity: <5 arc minutes 
Parallelism: <10 arc seconds 
Wavefront distortion: λ/8 
Flatness: λ/10 
Surface quality: 10/5 @MIL-O-13830A 
HR-Coating: R>99.8%@1064nm and R<5%@808nm 
AR-Coating (Single layer MgF2):  R<0.25% per surface (@1064nm) 

 
We can also provide Nd:YAG rod with multilayer hard coating that can be used for high power laser. 
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Nd:YVO4 Crystal 
 
Nd:YVO4 is the most efficient laser crystal for diode-pumped solid-state lasers. Its good physical, 
optical and mechanical properties make Nd:YVO4 an excellent 
crystal for high power, stable and cost-effective diode-pumped 
solid-state lasers. Compared with Nd:YAG for diode laser 
pumping, Nd:YVO4 lasers possess: 
 
• Lower lasing threshold and higher slope efficiency 
• Large stimulated emission cross-section at lasing 

wavelength 
• High absorption over a wide pumping wavelength bandwidth 
• Low dependency on pumping wavelength and tend to single 

mode output 
• Optically uniaxial and large birefringence emit strongly-polarized laser 
 
We provide high quality and large size Nd:YVO4 and pure YVO4 crystal as large as φ35x50mm3 bulk 
crystal and φ20x20mm3 finished crystal at a very competitive price. 
 
Basic Properties: 
Atomic Density: 1.26x1020 atoms/cm3 (Nd 1.0%) 

Crystal Structure: Zircon Tetragonal, space group D4h-I4/amd 
a=b=7.1193 Angstrom, c=6.2892 Angstrom 

Density: 4.22g/cm3 
Mohs Hardness: 4-5 (Glass-like) 
Thermal Expansion Coefficient (300K): aa=4.43x10-6/K; ac=11.37x10-6/K 
Thermal Conductivity Coefficient (300K): //C: 0.0523W/cm/K; ⊥ C: 0.0510W/cm/K 

 
Optical Properties: 
Lasing wavelength: 1064nm, 1342nm 
Thermal optical coefficient (300K): dno/dT=8.5x10-6/K, dne/dT=2.9x10-6/K 
Stimulated emission cross-section: 25x10-19cm2 @1064nm 
Fluorescent lifetime: 90μs 
Absorption coefficient: 31.4cm-1 @810nm 
Intrinsic loss: 0.02cm-1 @1064nm 
Gain bandwidth: 0.96nm @1064nm 
Polarized laser emission: π polarization; parallel to optic axis(c-axis) 
Diode pumped optical to optical efficiency: >60% 

 
Laser Properties: 
The Nd:YVO4 crystal has large stimulated emission cross-sections at both 1064nm and  1342nm. The 
stimulated emission cross-section of an a-axis cut Nd:YVO4 crystal at 1064nm is about 4 times higher 
than that of the Nd:YAG crystal. Although the lifetime of Nd:YVO4 is about 2.7 times shorter than that of 
Nd:YAG. Because of its high pump quantum efficiency, the slope efficiency of Nd:YVO4 can be very 
high if the laser cavity is properly designed.  
 
Nd:YVO4 Specifications:  
Transmitting wavefront distortion  less than λ/4 @ 633 nm 
Dimension tolerance  (W ± 0.1 mm) x (H ± 0.1 mm) x (L + 0.2 mm/-0.1) 
Clear aperture  >90% central area 
Flatness  λ/8@633nm, & λ/4@633nm for thickness less than 2mm 
Scratch/Dig code  10/5 to MIL-O-13830A 
Parallelism  better than 20 arc seconds 
Perpendicularity  5 arc minutes 
Angle tolerance  < ± 0.5°  

AR coating  R<0.2% at 1064nm, HR coating R>99.8% at 1064nm, T>95% at 
808nm 

Quality warranty period  one year under proper use. 
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Er:YAG 
 

Erbium doped Yttrium Aluminum Garnet (Er:Y3Al5O12 or Er:YAG) combine various output wavelength 
with the superior thermal and optical properties of YAG. It is an excellent laser crystal which lasers at 
2.94μm. This wavelength is the most readily absorbed into water and hydroxylapatite of all existing 
wavelengths and is considered a highly surface cutting laser. It is a well known material for medical 
applications.  
 
Material Properties of Er:YAG crystal 
Chemical formula  Er3+:Y3Al5O12 
Crystal structure  cubic  
Melting point:  1970 °C  
Density, g/cm3 5,35  
Mohs hardness  8.5  
Thermal expansion coefficient  9,5 x 10-6 K-1 (a axis) 

4,3 x 10-6 K-1 (b axis) 
10,8 x 10-6 K-1 (c axis)  

Thermal conductivity at 25°C 0.12 W x cm-1 x °K-1 
Loss coefficient at 1064 nm 0.003 cm-1 

 
Laser Properties  
Laser Transition 4I11/2 to 4I13/2 
Laser Wavelength 2940nm  
Fluorescence Lifetime 90 m s  
Photon Energy 6.75×10-20J(@2940nm)  
Emission Cross Section  3×10-20cm2 
Index of Refraction 1.79 @2940nm  
Pump Bands 600~800 nm  

 
Standard specifications 
Dopant concentration, at.%  Up to 50  
Orientation:  <111>within 5°  
Flatness  < λ/10 measured at 633 nm  
Parallelism ≤ 30" 
Perpendicularity ≤ 5 ′ 
Surface Quality 10-5 per scratch-dig MIL-O-13830A 
Optical Quality: Interference fringes ≤ 0.125 λ /inch(@1064nm) 
Extinction ration ≥ 25dB 
Size: Rods:Ф (3-10)mm ×(30-180)mm 
Slabs:  (3-12)mm ×(6-24)mm ×(60-180)mm 
Dimensional tolerances  Diameter:+0.000"/-0.05", 

Length: ± 0.05"  
Chamfer: 0.07+0.005/-0.00" at 45° 

AR Coating Reflectivity ≤ 0.2% (@2940nm) 
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(Nd, Ce):YAG 
 

Nd:Ce:YAG is an excellent laser material used for no-water cooling  and miniature laser systems.  the 
(Nd,Ce): YAG laser rod we produce has the characteristics of high efficiency( laser efficiency than Nd: 
YAG high about 30-50%), low threshold, anti-violet radiation and high repetition frequency for lasers 
operation. It has achieved the international advanced level .it is the most ideal laser material for the 
high repetition air cooling lasers. It suitable for different modes of operation (cw, pulsed , Q-
switched, mode locked, doubling of frequency ) and high-average power lasers 
 
Physical and Chemical Properties 

Chemical formula  Nd3+:Ce3+:Y3Al5O12 
Crystal Structure  Cubic  
Lattice Parameters  12.01A 
Melting Point  1970 ℃  
Moh Hardness  8.5  
Density  4.56±0.04g/cm3 
Specific Heat (0-20)  0.59J/g.cm3 
Modulus of Elasticity  310GPa  
Young's Modulus  3.17×104Kg/mm2 
Poisson Ratio  0.3(est.)  
Tensile Strength  0.13~0.26GPa  
Thermal Expansion Coefficient  [100]:8.2 × 10-6/ ℃ 

[110]:7.7 × 10-6/ ℃ 
[111]:7.8 × 10-6/ ℃  

Thermal Conductivity  14W/m/K(@25 ℃ )  
Thermal Optical Coefficient (dn/dT)  7.3×10-6/ ℃  
Thermal Shock Resistance  790W/m  
 
Laser Properties  
Laser Transition  4F3/2 --> 4I11/2 
Laser Wavelength  1.064μm  
Photon Energy  1.86×10-19J@1.064μm  
Emission Linewidth  4.5A @1.064μm  
Emission Cross Section  2.7~8.8×10-19cm-2 
Fluorescence Lifetime  230μs  
Index of Refraction  1.8197@1064nm  
 
Standard Specifications 
Dopant concentration, at.%  0.1-2.5%  
orientation:  <111>within 5°  
Flatness  < λ/10  
Parallelism  ≤ 10"  
Perpendicularity  ≤ 5 ′  
Surface quality   10-5 per scratch-dig MIL-O-13830A  
Optical Quality:  Interference fringes ≤ 0. 25λ /inch  

Extinction ration ≥ 30dB  
Size:  Diameter:3～8mm; Length:40～80mm(Upon request of customer)  
Dimensional tolerances   Diameter+0.000"/-0.05"; Length ±0.5"; Chamfer: 0.07+0.005/-0.00" at 45° 
AR Coating Reflectivity   ≤ 0.2% (@1064nm)  
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Yb:YAG - Ytterbium Doped Yttrium Aluminum Garnets 

 
Ytterbium doped Yttrium Aluminum Garnet (Yb:Y3Al5O12 or Yb:YAG) is one of the most promising laser-
active materials and more suitable for diode-pumping than the traditional Nd-doped crystals. It can be 
pumped at 0.94 μm and generates 1.03 μm laser output. Compared with the commonly used Nd:YAG 
crystal, Yb:YAG crystal has a larger absorption bandwidth in order to reduce thermal management 
requirements for diode lasers, a longer upper-state lifetime, three to four times lower thermal loading 
per unit pump power. Yb:YAG crystal is expected to replace Nd:YAG crystal for high power diode-
pumped lasers and other potential applications, such as, its doubling wavelength is 515 nm very close 
to that of Ar-ion laser (514 nm), which makes it possible to replace large volume Ar-ion laser. 
 
Physical and Chemical Properties  
Chemical formula  Yb3+:Y3Al5O12 
Crystal structure  cubic  
Lattice Parameters  12.01A 
Melting Point  1970 ℃  
Density, g/cm3 4.56  
Mohs hardness  8.5  
Thermal expansion coefficient  7.8 x 10-6 x °K-1 , <111>, 0 - 250 °C  

7.7×10-6/ ℃ , <110> (0~250 ℃ )  
8.2×10-6/ ℃ , <100> (0~250 ℃ )  

Thermal conductivity at 25°C 0.14 W x cm-1 x °K-1 
Loss coefficient at 1064 nm 0.003 cm-1  
 
Laser Properties  
Laser Transition 2F5/2 → 2F7/2 
Laser Wavelength 1030nm  
Photon Energy 1.93×10-19J(@1030nm)  
Emission Linewidth 9nm  
Emission Cross Section 2.0×10-20cm2 
Fluorescence Lifetime 1.2 ms  
 
Spectral Properties  
Diode Pump Band 940nm or 970nm  
Thermal Optical Coefficient  7.3×10-6/ ℃  
Index of Refraction 1.82  
 
Standard Specifications  
Dopant concentration, at.%  0.5-30%  
orientation:  <111>within 5°  
Flatness  < λ/10  
Parallelism  ≤ 10"  
Perpendicularity  ≤ 5 ′  
Surface Quality  10-5(MIL-O-13830A)  
Optical Quality:  Interference fringes ≤ 0.125/inch, Extinction ration ≥ 30dB  
Size:  Diameter:2 ～ 20mm,Length:5 ～ 150mm  (Upon request of customer)  
Dimensional tolerances   Diameter:+0.00"/-0.05"mm; Length: ± 0.02" ; Chamfer: 0.07+0.005/-0.00" at 45° 
AR Coating Reflectivity   ≤ 0.2% (@1030nm)  
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Cr4+:YAG 

 
Cr4+:Y3Al5O12 - Passive Q-switches or saturable absorbers provide high power laser pulses without 
electro-optic Q-switches, thereby reducing the package size and eliminating a high voltage power 
supply. Cr4+:YAG is more robust than dyes or color centers and is the material of choice for 1 um Nd 
lasers.  
 
Physical and Chemical Properties  
Formula  Cr4+:Y3Al5O12 
Crystal structure  cubic  
Mohs hardness  8.5  
Melting point:  1970 °C  
Density, g/cm3 4.55  
Thermal conductivity at 25°C  0.14 W x cm-1 x °K-1 
Thermal expansion coefficient  7.8 x 10-6/ ℃ <111>  

8.2 x 10-6/ ℃ <100> 
7.7×10-6/ ℃ <110>  

Young's Modulus  3.17x104kg/mm2 
Thermal Shock Resistance 790 Wm-1 
 
Standard Specifications 
Orientation:  <111>within 5° or <100>within 5°  
Flatness  < λ/10  
Parallelism  ≤ 30"  
Perpendicularity  ≤ 5 ′  
Surface quality  20-10(MIL-O-13830A))  
Wavelength:    950 nm ～ 1100nm  
Initial transmittance:  5%~95%  
Damage threshold  ≥ 500MW/cm2 
AR coating reflectivity  ≤ 0.2% (@1064nm)  
Size  Diameter:3 ～ 20mm   

H × W:3 × 3 ～ 20 × 20mm  
Dimensional tolerances   Diameter: ± 0.00/-0.05",   

Length: ± 0.05" 
 Chamfer: 0.07+0.005/-0.00" at 45°  
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KTP Crystal 

 
Advantages:  
 
• large nonlinear optical coefficient 
• wide angular bandwidth and small walk-off angle 
• broad temperature and spectral bandwidth 
• high electro-optic coefficient and low dielectric constant 
• large figure of merit 
• nonhydroscopic, chemically and mechanically stable 

 
Applications:  
 
• frequency doubling (SHG) of Nd-doped lasers for green/red output. 
• frequency mixing (SFM) of Nd laser and diode laser for blue output. 
• parametric sources (OPG, OPA and OPO) for 600nm-4500nm tunable output. 
• E-O modulators, optical switches, directional couplers. 
• optical waveguides for integrated NLO and E-O devices. 

 
Using advanced technique in crystal growth, 35x55x68mm3 transparent KTP boule with flux method has 
been grown. As large as 15x15x20mm3 KTP devices are fabricated.  
 
We provide KTP with: 
 
• strict quality control on optical homogeneity, transmission and scattering 
• quick delivery 
• unbeatable price and quantity discount  
• technical support 
• AR-coating, mounting and re-polishing service 

 
Structural and Physical Properties: 
 
Crystal structure Orthorhombic, space group Pna21,point group mm2 
Cell parameters a=6.404 Angstrom, b=10.616 Angstrom, c=12.814 Angstrom, Z=8 
Melting point 1172° C incongruent 
Curie point 936° C 
Mohs hardness ≈5 
Density 3.01 g/cm3 
Color colorless 
Hygroscopic susceptibility no 
Specific heat 0.1643 cal/g°C 
Thermal conductivity 0.13 W/cm/°K 
Electrical conductivity  3.5x10-8 s/cm (c-axis, 22° C, 1KHz) 

 
Nonlinear Optical Properties: 
 
Phase matchable SHG range: 497 - 1800nm 
Nonlinear optical coefficients: d31=6.5pm/v, d32=5pm/v, d33=13.7pm/v, d24=7.6pm/v, 

d15=6.1pm/v 
deff(II) ≈ (d24 - d15)sin2φ sin2θ - (d15sin2φ + d24cos2φ)sinθ 

For type II SHG of a Nd:YAG 
laser at 1064nm: 

PM angle: θ=90° , ϕ =23.3°  
Effective SHG coefficient: deff ≈8.3xd36(KDP) 
Angular acceptance: 20 mrad-cm 
Temperature acceptance: 25° C-cm 
Spectral acceptance: 5.6 Angstrom -cm 
Walk-off angle: 4.5 mrad (0.26° ) 
Damage threshold: >450MW/cm2 @1064nm, 10ns, 10Hz 

Electro-optic coefficients: 
r13  

Low frequency (pm/V) High frequency (pm/V) 
9.5 8.8 



 
 

http://www.SintecOptronics.com    http://www.SintecOptronics.com.sg     16 

r23  
r33  
r51  
r42 

15.7 13.8 
36.3 35.0 
7.3 6.9 
9.3 8.8 

Dielectric constant: eeff=13 
 
Optical Properties: 
 
Transmitting range: 350 nm - 4500 nm 
Refractive indices:  
1064nm 
532nm 

nx ny nz 
1.7377 1.7453 1.8297 
1.7780 1.7886 1.8887 

Therm-optic coefficients: dnx/dT=1.1x10-5/° C, dny/dT=1.3x10-5/° C, dnz/dT=1.6x10-5/° C 
Absorption α< 1% cm-1 @1064nm and 532nm 

 
Applications for SHG and SFG of Nd:lasers 
 
KTP is the most commonly used material for frequency doubling of Nd:YAG lasers and other Nd-doped 
lasers, particularly at the low or medium power density. To date, extra- and intra-cavity frequency 
doubled Nd:lasers using KTP have become a preferred source of pumping visible dye lasers and 
tunable Ti:Sapphire lasers as well as their amplifiers. Applied to diode-pumped Nd:laser, KTP has 
provided the basis for the construction of compact visible solid state laser systems. 
 
Recent advances in intracavity-doubled Nd:YAG and Nd:YVO4 lasers, have increased the demand for 
compact green lasers used in optical disk and laser printer. Over 100mW and 76mW TEM00 green 
outputs are available from LD pumped Nd:YAG and Nd:YVO4 lasers, respectively. Moreover, 2.5mW 
green light has derived from 50mW LD pumped and intracavity doubled Nd:YVO4 mini-lasers with a 
9mm long cavity. 
 
KTP has also shown its powerful applications in extracavity SHG with conversion efficiency exceeding 
60%. The applications of KTP for intracavity mixing of 810nm diode and 1064nm Nd:YAG laser to 
generate blue light and intracavity SHG of Nd:YAG or Nd:YAP lasers at 1300nm to produce red light 
are also in progress. 
 
Applications for OPG, OPA and OPO 
 
As an efficient OPO crystal pumped by a Nd:laser and its second harmonics, KTP plays an important 
role for parametric sources for tunable output from visible (600nm) to mid-IR (4500nm). KTP's OPO 
results in stable, continuous outputs of femtosecond pulse of 108 Hz repetition rate and miliwatt 
average power levels in both signal and idler output. KTP's OPO pumped by a 1064nm Nd:YAG laser 
has generated above 66% efficiency for degenerately converting to 2120nm. 
 
KTP Specifications 
 
• Transmitting wavefront distortion: less than λ /4 @ 633 nm 
• Dimension tolerance: (W ± 0.1 mm) x (H ± 0.1 mm) x (L + 0.2 mm/-0.1mm) 
• Clear aperture: > 90% central area 
• Flatness: λ /8 @ 633 nm 
• Scratch/Dig code: 10/5 to MIL-O-13830A 
• Parallelism: better than 20 arc seconds 
• Perpendicularity: 5 arc minutes 
• Angle tolerance:  Δθ < ± 0.5° , Δφ < ± 0.5°  
• AR coating: R< 0.2% at 1064nm and R<1.0% at 532 nm. 
• Quality Warranty Period: one year under proper use. 
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LBO 

 
Lithium Triborate (LiB3O5 or LBO) is an excellent nonlinear optical crystal and it has the following 
features: 
 
* broad transparency range from 160nm to 2600nm 
* high optical homogeneity ( δn≈10-6) and being free of inclusion 
* relatively large effective SHG coefficient (about three times that of KDP) 
* high damage threshold 
* wide acceptance angle and small walk-off 
* type I and type II non-critical phase matching (NCPM) in a wide wavelength range 
* spectral NCPM near 1300nm. 
 
We can provide LBO crystals:  
* large crystal size up to 30x30x30mm3 and maximum length of 60mm 
* AR-coating, mounts and re-polishing services 
* a large quantity of crystals in stock 
* fast delivery(10 days for polished only, 15 days for AR-coated). 
 
Table 1. Chemical and Structural properties 

Crystal Structure Orthorhombic, Space group Pna21, Point group mm2 
Lattice Parameter a=8.4473Å, b=7.3788Å , c=5.1395Å , Z=2 
Melting Point     About 834℃ 
Mohs Hardness     6 
Density           2.47 g/cm3 
Thermal Conductivity    3.5W/m/K 
Thermal Expansion Coefficient ax=10.8x10-5/K, ay= -8.8x10-5/K, az=3.4x10-5/K 

 
Table 2. Optical and Nonlinear Optical Properties 

Transparency Range 160-2600nm 
SHG Phase Matchable Range 551 ~ 2600nm  (Type I)      790-2150nm (Type II) 

Therm-optic Coefficient 
(°C, l in μm) 

dnx/dT=-9.3X10-6 
dny/dT=-13.6X10-6 
dnz/dT=(-6.3-2.1l)X10-6 

Absorption  Coefficient <0.1%/cm at 1064nm    <0.3%/cm at 532nm 

Angle Acceptance 6.54mrad-cm   (φ, Type I,1064 SHG)
15.27mrad-cm    (q, Type II,1064 SHG) 

Temperature Acceptance 4.7°C-cm  (Type I, 1064 SHG)
7.5°C-cm   (Type II,1064 SHG) 

Spectral Acceptance 1.0nm-cm (Type I, 1064 SHG)
1.3nm-cm (Type II,1064 SHG) 

Walk-off Angle  0.60° (Type I 1064 SHG)
0.12° (Type II  1064 SHG) 

NLO Coefficient 

deff(I)=d32cosφ      (Type I in XY plane)
deff(I)=d31cos2θ+d32sin2θ   (Type I  in XZ plane)
deff(II)=d31cosθ (Type II in YZ plane)
deff(II)=d31cos2θ+d32sin2θ   (Type II in XZ plane)  

Non-vanished NLO
susceptibilities 

d31=1.05 ± 0.09 pm/V
d32= -0.98 ± 0.09 pm/V
d33=0.05 ± 0.006 pm/V 

Sellmeier  Equations(λ in μm)       

nx2=2.454140+0.011249/(λ2-0.011350)-0.014591λ2-6.60x10-
5λ4 
ny2=2.539070+0.012711/(λ2-0.012523)-0.018540λ2+2.0x10-4λ4
nz2=2.586179+0.013099/(λ2-0.011893)-0.017968λ2-2.26x10-
4λ4 
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Figure 1. Transparency curve of LBO 
 
SHG and THG at Room Temperature 
LBO is phase matchable for the SHG and THG of Nd:YAG and Nd:YLF lasers, using either type I or 
type II interaction. For the SHG at room temperature, type I phase matching can be reached and has 
the maximum effective SHG coefficient in the principal XY and XZ planes (see Fig. 2) in a wide 
wavelength range from 551nm to about 2600nm. The optimum type II phase matching falls in principal 
YZ and XZ planes(see Fig 2). 
 

 
Figure 2. Optimum matching  
 
SHG conversion efficiencies of more than 70% for pulse and 30% for cw Nd:YAG lasers, and THG 
conversion efficiency over 60% for pulse Nd:YAG laser have been observed.  
 
Applications: 

 More than 480mW output at 395nm is generated by frequency doubling a 2W mode-locked 
Ti:Sapphire laser (<2ps, 82MHz). The wavelength range of 700-900nm is covered by a 5x3x8mm3 
LBO crystal. 

 Over 80W green output is obtained by SHG of a Q-switched Nd:YAG laser in a type II 18mm long 
LBO crystal. 

 The frequency doubling of a diode pumped Nd:YLF laser (>500µJ @ 1047nm, <7ns, 0-10KHz) 
reaches over 40% conversion efficiency in a 9mm long LBO crystal. 

 The VUV output at 187.7 nm is obtained by sum-frequency generation. 
 2mJ/pulse diffraction-limited beam at 355nm is obtained by intra-cavity frequency tripling a Q-

switched Nd:YAG laser. 
 
Non-Critical Phase-Matching 
Table 3. Properties of type I NCPM SHG at 1064nm 
NCPM Temperature 
Acceptance Angle 
Walk-off Angle 
Temperature Bandwidth 
Effective SHG Coefficient 

148°C 
52 mrad-cm1/2
0 
4°C-cm 
2.69 d36(KDP) 
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AS shown in table 3, Non-Critical Phase-Matching (NCPM) of LBO is featured by no walk-off, very wide 
acceptance angle and maximum effective coefficient. It promotes LBO to work in its optimal condition. 
SHG conversion efficiencies of more than 70% for pulse and 30% for cw Nd:YAG lasers have been 
obtained, with good output stability and beam quality. 
 
As shown in Fig.3, type I and type II non-critical phase-matching can be reached along x-axis and z-
axis at room temperature, respectively. 
 

 
Figure 3.NCPM temperature tuning curves of LBO 
 
Applications: 

 Over 11W of average power at 532nm was obtained by extra-cavity SHG of a 25W Antares mode-
locked Nd:YAG laser (76MHz, 80ps). 

 20W green output was generated by frequency doubling a medical, multi-mode Q-switched Nd:YAG 
laser. Much higher green output is expected with higher input. 

 
LBO’s OPO and OPA 
 
LBO is an excellent NLO crystal for OPOs and OPAs with a widely tunable wavelength range and high 
powers. These OPO and OPA that are pumped by the SHG and THG of Nd:YAG laser and XeCl 
excimer laser at 308nm have been reported. The unique properties of type I and type II phase matching 
as well as the NCPM leave a big room in the research and applications of LBO’s OPO and OPA. Fig.4 
shows the calculated type I OPO tuning curves of LBO pumped by the SHG, THG and 4HG of Nd:YAG 
laser in XY plane at the room temperature. And Fig. 5 illustrates type II OPO tuning curves of LBO 
pumped by the SHG and THG of Nd:YAG laser in XZ plane. 
 

    

Figure 4. Type I OPO tuning curves of LBO Figure 5. Type II OPO tuning curves of LBO 
 
Applications: 

 A quite high overall conversion efficiency and 540-1030nm tunable wavelength range were 
obtained with OPO pumped at 355nm. 

 Type I OPA pumped at 355nm with the pump-to-signal energy conversion efficiency of 30% has 
been reported. 
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 Type II NCPM OPO pumped by a XeCl excimer laser at 308nm has achieved 16.5% conversion 
efficiency, and moderate tunable wavelength ranges can be obtained with different pumping 
sources and temperature tuning. 

 By using the NCPM technique, type I OPA pumped by the SHG of a Nd:YAG laser at 532nm was 
also observed to cover a wide tunable range from 750nm to 1800nm by temperature tuning from 
106.5°C to 148.5°C. 

 By using type II NCPM LBO as an optical parametric generator (OPG) and type I critical phase-
matched BBO as an OPA, a narrow linewidth (0.15nm) and high pump-to-signal energy conversion 
efficiency (32.7%) were obtained when it is pumped by a 4.8mJ, 30ps laser at 354.7nm. 
Wavelength tuning range from 482.6nm to 415.9nm was covered by increasing the temperature of 
LBO or rotating BBO. 

 
LBO’s Spectral NCPM 
Not only the ordinary non-critical phase matching (NCPM) for angular variation but also the noncritical 
phase matching for spectral variation (SNCPM) can be achieved in the LBO crystal. As shown in Fig.2, 
the phase matching retracing positions are λ1=1.31μm with θ =86.4°, φ=0° for Type I and λ2=1.30μm 
with θ=4.8°, φ=0° for Type II. The phase matching at these positions possess very large spectral 
acceptances Δλ. The calculated Δλ at λ1 and λ2are 57nm-cm-1/2 and 74nm-cm-1/2 respectively, which 
are much larger than the other NLO crystals. These spectral characteristics are very suitable for 
doubling broadband coherent radiations near 1.3μm, such as those from some diode lasers, and some 
OPA/OPO output without linewidth-narrowing components. 
 
The crystal holder (free) and oven & Temperature Controller (for NCPM,OPO,OPA applications) are 
available for BBO & LBO.  
 
AR-coating 

 Dual Band AR-coating (DBAR) of LBO for SHG of 1064nm. 
· low reflectance (R<0.2% at 1064nm and R<0.5% at 532nm ); 
· high damage threshold (>500MW/cm2at both wavelengths); 
· long durability. 
* Broad Band AR-coating (BBAR) of LBO for SHG of tunable lasers. 
* Other coatings are available upon request.  

 * Dimension tolerance: (W±0.1mm)x(H±0.1mm)x(L+0.5/-0.1mm) (L≥2.5mm) 
                                          (W±0.1mm)x(H±0.1mm)x(L+0.1/-0.1mm) (L<2.5mm) 

 Clear aperture: central 90% of the diameter 
 No visible scattering paths or centers when inspected by a 50mW green laser 
 Flatness: less than λ/8 @ 633nm 
 Transmitting wavefront distortion: less than λ/8 @ 633nm 
 Chamfer: ≤0.2mm@450 
 Chip: ≤0.1mm 
 Scratch/Dig code: better than 10/ 5 to MIL-O-13830A 
 Parallelism: better than 20 arc seconds 
 Perpendicularity: ≤5 arc minutes 
 Angle tolerance: Δθ≤0.25°, Δφ≤0.25° 
 Damage threshold[GW/cm ]: >10 for 1064nm, TEM00, 10ns, 10HZ (polished only) 

                                                     >1 for 1064nm, TEM00, 10ns, 10HZ (AR-coated) 
                                                     >0.5 for 532nm, TEM00, 10ns, 10HZ (AR-coated) 

 Quality Warranty Period: one year under proper use. 
 
NOTE 
1. LBO has a very low susceptibility to moisture. Users are advised to provide dry conditions for both 
the use  and preservation of LBO. 
2. Polished surfaces of LBO requires precautions to prevent any damage. 
3. We can select and design the best crystal for you, if the main parameters of your laser are  provided, 
such as energy per pulse, pulse width and repetition rate for a pulsed laser, power for a cw laser, laser 
beam diameter, mode condition, divergence, wavelength tuning range, etc. 
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Beta-Barium Borate (β-BaB2O4,BBO) 

 
Main features are: 
• Broad phase-matchable range from 409.6 nm to 3500nm; 
• Wide transmission region from 190 nm to 3500nm; 
• Large effective second-harmonic-generation (SHG) coefficient about 6 times greater than that of 
KDP crystal; 
• High damage threshold of 10GW/cm2 for 100ps pulse-width at 1064nm; 
• High optical homogeneity with δn≈10-6/cm; 
• Wide temperature-bandwidth of about 55℃. 
 
We offer: 
• Strict quality control; 
• Crystal length from 0.02mm to 25mm and size up to 15x15x15 mm3; 
• P-coatings, AR-coatings, mounts and re-polishing services; 
• A large quantity of crystals in stock 
• Fast delivery (10 days for polished only,15 days for AR-coated).  
 
Basic Properites 
Table 1.Chemical and Structural properties 
Crystal Structure: Trigonal, space group R3c 
Lattics Parameters: a=b=12.532Å, c=12.717Å, Z=6 
Melting point About 1095℃ 
Mohs Hardness 4 
Density  3.85g/cm3 
Thermal Conductivity 1.2W/m/K(┴c): 1.6w/m/K(//c) 
Thermal Expansion Coefficients α,4x10-6/K; c,36x10-6/K 

 
Table 2.Optical and Nontinear Optical Properties 
Transparency Range: 190-3500nm 
SHG Phase Matchable Range 409.6-3500nm(Type I)    525-3500nm(Type II) 

therm-optic Coefficients(/℃) dno/dT=-9.3x 10-6/℃ 
dne/dT=-16.6x 10-6/℃  

Absorption Coefficients <0.1%/cm at 1064nm         <1%/cm at 532nm 

Angle Acceptance 0.8mrad-cm      (θ, Type I,1064 SHG)    
1.27mrad-cm    (θ, Type II,1064 SHG) 

Temperature Acceptance 55℃-cm 
Spectral Acceptance 1.1nm-cm 

Walk-off Angle 2.7°   (Type I 1064 SHG) 
3.2°  (Type II 1064 SHG) 

NLO Coefficients deff (I)=d31sinθ+(d11cosΦ-d22sin3Φ)cosθ 
deff (II)=(d11sin3Φ+d22cos3Φ)cos2θ 

Non-vanished NLO susceptibilities 
d11=5.8xd36(KDP) 
d31=0.05xd11 
d22<0.05xd11 

sellmeier Equations(λ in μm ) no
2=2.7359+0.01878 / (λ2-0.01822) -0.01354 λ2 

ne
2=2.3753+0.01224 / (λ2-0.01667) -0.01516 λ2 

Electro-optic coefficients: r11=2.7pm/V,  r22,   r 31<0.1γ11 
Half-wave voltage: 7KV (at 1064nm,3*3*20mm3) 
Resistivity: >1011 ohm-cm 

Relative Dielectric Constant: 
εs

11/εo:6.7 
εs

33/εo:8.1 
Tan δ<0.001 

 
BBO is a negative uniaxial crystal,with ordinary refractive-index(no) larger than extraordinary refractive-
index(ne).Both type I and type II phase-matching can be reached by angle-tuning.The phase matching 
angles of frequency doubling are shown in Fig.2. 
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Figure 1.Transparency curve of BBO Figure 2.SHG tuning curves of BBO  
 
Application in Nd:YAG Lasers 
BBO is an efficient NLO cyrstal for the second, third and fourth harmonic generation of Nd:YAG 
lasers,and the best NLO crystal for the fifth harmonic generation at 213nm. Conversion efficiencies of 
more than 70% for SHG,60% for THG and 50% for 4HG,and 200mW output at 213 nm(5HG)have been 
obtained,respectively. 
BBO is also an efficient crystal for the intracavity SHG of high power Nd:YAG lasers. For the intracavity 
SHG of an acousto-optic Q-switched Nd:YAG laser, more than 15 W average power at 532 nm was 
generated in a AR-coated BBO crystal. When pumped by the 600 mW SHG output of a mode-locked 
Nd:YLF laser, 66 mW output at 266 nm was produced from a Brewster-angle-cut BBO in an external 
enhanced resonant cavity. 
Because of a small acceptance angle and large walk-off, good laser beam quality (small divergence, 
good mode condition,etc.) is the key for BBO to obtain high conversion efficiency. Tight focus of laser 
beam is not recommended by our engineers. 
 
Applications in Tunable Lasers 
1. Dye lasers 
Efficient UV output (205nm-310nm) with a SHG efficiency of over 10% at wavelength of ≥206nm was 
obtained in type I BBO, and 36% conversion efficiency was achieved for a XeC1-laser pumped Dye 
laser with power 150KW which is about 4-6 times higher than that in ADP. The shortest SHG 
wavelength of 204.97 nm with efficiency of about 1% has been generated. 
Our BBO is widely used in the Dye lasers. With type I sum-frequency of 780-950 nm and 248.5 nm 
(SHG output of 495 nm dye laser) in BBO, the shortest UV outputs ranging from 188.9nm to 197 nm 
and the pulse energy of 95 mJ at 193 nm and 8 mJ at 189 nm have been obtained, respectively. 
 
2.Ultrafast Pulse Laser 
Frequency-doubling and -tripling of ultrashort-pulse lasers are the applications in which BBO shows 
superior properties to KDP and ADP crystals. Now, we can provide as thin as 0.02mm BBO for this 
purpose. A laser pulse as short as 10 fs can be efficiently frequency-doubled with a thin BBO, in terms 
of both phase-velocity and group-velocity matching. 
 
3.Ti:Sapphire and Alexandrite lasers 
UV output in the region 360nm -390nm with pulse energy of 105 mJ(31% SHG efficiency) at 378 nm, 
and output in the region 244nm-259nm with 7.5 mJ(24% mixing efficiency) have been obtained for type 
I SHG and THG of an Alexandrite laser in BBO crystal. 
 
More than 50% of SHG conversion efficiency in a Ti:Sapphire laser has been obtained. High conversion 
efficienies have been also obtained for the THG and FHG of Ti:Sapphire lasers. 
 
4. Argon Ion and Copper-Vapor lasers 
By employing the intracavit frequency-doubling technique in an Argon Ion laser with all lines output 
power of 2W, maximum 33 mW at 250.4 nm and thirty-six lines of deep UV wavelengths ranging from 
228.9 nm to 257.2 nm were generated in a Brewster-angle-cut BBO crystal. 
 
Up to 230 mW average power in the UV at 255.3 nm with maximum 8.9% conversion efficiency was 
achieved for the SHG of a Copper-Vapor laser at 510.6 nm. 
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BBO’s OPO and OPA 
The OPO and OPA of BBO are powerful tools for generating a widely tunable coherent radiation from 
the UV to IR. The tuning angles of type I and type II BBO OPO and OPA have been calculated, with the 
results shown in Fig.5 and Fig.6, respectively. 
 
1.OPO pumped at 532 nm 
an OPO output ranging from 680 nm to 2400 nm with the peak power of 1.6MW and up to 30% energy 
conversion efficiency was obtained in a 7.2 mm long type I BBO. The input pump energy was 40 mJ at 
532nm with pulse-width 75ps. With a longer crystal, higher conversion efficiency is expected. 
 
2.OPO and OPA pumped at 355 nm 
In the case of Nd:YAG pumping,BBO’s OPOs can generate more than 100mJ,with wavelength tunable 
from 400nm to 2000nm. Using our BBO crystal, the OPO system covers a tuning range from 400nm to 
3100nm which guarantees a maximum of 30% and more than 18% conversion efficiency, over the 
wavelength range from 430nm to 2000nm. 
 
Type II BBO can be used to decrease linewidth near the degenerate points. A linewidth as narrow as 
0.05nm and usable conversion efficiency of 12% were obtained. However, a longer (>15mm) BBO 
should normally be used to decrease the oscillation threshold when employing the type II phase-
matching scheme. 
 
Pumping with a picosecond Nd:YAG at 355nm, a narrow-band(<0.3nm), high energy (>200μJ) and 
wide tunable (400nm to 2000nm) pulse has been produced by BBO’s OPAs. This OPA can reach as 
high as more than 50% conversion efficiency, and therefore is superior to common Dye lasers in many 
respects, including efficiency, tunable range, maintenance, and easiness in design and operation. 
Furthermore, coherent radiation from 205 nm to 3500 nm can be also generated by BBO’s OPO or 
OPA plus a BBO for SHG. 
 

  

Figure3.Type I OPO turning curves of BBO Figure4,Type Ii OPO tuning curves of BBO 
 
3.Others 
A tunable OPO with signal wavelengths between 422 nm and 477 nm has been generated by angle 
tuning in a type I BBO crystal pumped by the fourth harmonic of a Nd:YAG laser (at 266 nm) has been 
observed to cover the whole range of output wavelengths 330 nm -1370nm. 
 
When pumped by a 1mJ, 80fs Dye laser at 615 nm,the OPA with two BBO crystals yields more than 
50μJ (maximum 130μJ),<200fs ultrashort pulse, over 800 nm-2000 nm. 
 
BBO`s E-O Applications 
BBO can also be used for E-O applications. It has wide transmission range from UV to about 3500nm 
and it has much higher damage threshold than KD*P or LiNbO3, More than 80W output power and 
50KHZ repitition rate have been reached by using our E-O BBO crystals and Nd:YVO4 crystals as gain 
media. At 5K Hz, its pulse has width as short as 6.4ns,and energy of 5.7mJ or peak power of 900 KW.It 
has advantages over the commercial A-O Q-switched one , including a very short pulse,high beam 
quality and size compact as well. Although it has a relative small electro-optic coefficient,the Half-wave 
voltage is high (7KV at 1064nm,3*3*20mm3),long and thin BBO can reduce the voltage requirements. 
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We now can supply 25mm long and 1mm thin high optica quality of BBO crystal with Z-cut, AR-coated 
and Gold/Chrome plated on the side faces. 
 
 
 
Coatings 
We provide the following AR-coatings for BBO: 

• Dual Band AR-coating (DBAR)of BBO for SHG of 1064nm  
      1. low reflectance (R<0.2% at 1064nm and R<0.5% at 532nm); 
      2. high damage threshold (>300MW/cm2 at both wqvelengths); 
      3. long durability;  

• Broad Band AR-coating (BBAR) of BBO for SHG of tunable lasers.  
• Broad Band P-coating of BBO for OPO applications.  
• Other coatings are available upon request.  

Warranty on BBO Specifications 
• Dimension tolerance: 

    (W±0.1mm)x(H±0.1mm)x(L+0.5/-0.1mm)   (L≥22.2.5mm)  
    (W±0.1mm)x(H±0.1mm)x(L+0.1/-0.1mm)   (L<2.5mm)    

•  Clear aperture  :central 90% or the diameter    
• No visible scattering paths or centers when inspected by a 50mW green Laser  
•   Flatness: less than λ/8 @ 633nm  
• Transmitting wavefront distortion: less than   λ/8 @ 633nm  
• Chamfer: ≤0.2mm@45°  
• Chip:  ≤0.1mm  
• Scratch/Dig code: better than 10/5 to MIL-O-13830A  
• Parallelism: ≤20 arc seconds  
• Perpendicularity:≤5 arc minutes  
• Angle tolerance:≤0.25°,    ≤0.25°  
• Damage threshold{GW/cm}: 

>1for1064nm,TEM00,10ns,10HZ  (polished  only), 
>0.5 for 1064nm,TEM00,10ns,10HZ(AR-coated) ; 
>0.3 for 532nm,TEM00,10ns,10HZ(AR-coatd)   

Note 
• BBO has a low susceptibility to the moisture. The user is advised to provide dry conditions for 

both the use  and preservation of BBO.  
• BBO is relatively soft and therefore requires precautions to protect its polished surfaces.  
• When angle adjusting is necessary, keep in mind that the acceptance angle of BBO is small.  
• Our engineers can select and design the best crystal, if the main parameters of your laser 

are  provided, such as energy per pulse, pulse width and repetition rate for a pulsed laser, 
power for a  cw laser, laser beam diameter, mode condition, divergence, wavelength tuning 
range, etc.  
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KTA (Potassium Titanyl Arsenate, KTiOAsO4 ) 

 
KTA crystal features large non-linear optical and electro-optical coefficients in comparison to KTP and 
has the added benefit of significantly reduced absorption in the 2 to 5 µm region.  It has found more and 
more applications in second harmonic generation (SHG), sum and difference frequency generation 
(SFG)/(DFG), optical parametric oscillation/ amplification (OPO/OPA), and electro-optical Q-switching. 
 
 KTA features  

 Large nonlinear optical coefficients 
 Wide angular bandwidth and small walk-off angle   
 Broad temperature and spectral bandwidth   
 Large electro-optic coefficients 
 Lower absorption in the 3-4 μm range than KTP. 
 Nonhydroscopic, chemically and mechanically stable   
 High thermal conductivity   
 High damage threshold 

 
KTA is a positive biaxial crystal, with the principal axes X, Y, and Z ( nz>ny>nx ) parallel to the 
crystallographic axes a, b, and c, respectively.  
 
Structural and Physical Properties 
Crystal Structure   Orthorhombic, space group Pna21, point group mm2 
Cell Parameters   a=13.125Å, b=6.5716Å, c=10.786 Å, Z=8  
Melting Point   1130oC  
Curie Point   880oC 
Mohs Hardness    ~ 5  
Density   3.45 g/cm3  
Color   colorless  
Hygroscopic Susceptibility  No  
Specific Heat   0.687 J/g/K 
Thermal Conductivity   1.8 W/m/K  
Electrical Conductivity    0.7-3.4 x10-6 s/cm (c-axis, @22 oC, 1KHz)  

 
Linear Optical Properties: 
Transmitting Range     350 nm - 5500 nm       
Refractive Indices: 
               1064nm 
532nm   

    nx             ny            nz 
1.7818      1.7866      1.8680 
1.8264      1.8331      1.9310 

Sellmeier Equations  
(l in μm)   

nx2=1.90713+1.23522l2 /(l2-0.19692)-0.01025l2 
ny2=2.15912+1.00099l2 /(l2-0.21844)-0.01096l2 
nz2=2.14768+1.29559l2/(l2-0.22719)-0.01436l2 

Thermo-optic Coefficients    dnx/dT=1.1x10-5/oC, dny/dT=1.3x10-5/oC 
dnz/dT=1.6x10-5/oC     

Absorption Coefficient    a < 1% cm-1 @1064nm and 532nm     
 
Nonlinear Optical Properties:  
Phasematchable SHG Range 542 - 1800nm   

Nonlinear Optical Coefficients 
d31=2.8pm/v, d32=4.2pm/v,  
d33=16.2pm/v,d24=3.2pm/v, 
d15=2.3pm/v  

Effective Nonlinearity 
Expressions   deff(II)= (d24-d15)sin2fsin2q-(d15sin2f+d24cos2f)sinq 

Electro-optic Coefficients 
( Low frequency )  r13= 11.5pm/V,   r23=15.4pm/V, r33=37.5pm/V 

Dielectric Constant eeff=42   
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Specifications for finished KTA 
Wavefront distortion: less than l/4 @ 633 nm   
Dimension tolerance: (W +/- 0.1 mm) x (H +/- 0.1 mm) x (L + 0.2 mm/-0.1mm)   
Clear aperture: > 90% central area   
Flatness: l/8 @ 633 nm   
Scratch/dig: 10/5 to MIL-O-13830A   
Parallelism: better than 20 arc seconds   
Perpendicularity: 5 arc minutes  
Angle tolerance: Dq< +/-0.25o, Df< +/-0.25o  
 
Coating and Mount 
Standard dual band anti-reflection (DBAR) coatings at 1064nm/1530 nm, 1064/3200nm,  or 
1320nm/660nm are available. Other coatings are also available upon request. Mounts may be provided 
free of charge.  
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Ovens and Temperature Controllers 
 
We provide ovens and precision temperature controllers to 
hold crystals and maintain them at a given temperature. Such a high 
temperature is often required for noncritical  phase matching (NCPM) 
or to avoid optical damage of crystals. 
 
Part Number: OVN6421 
Power Consumption: 50W  
AC Voltage : 110V  ( 220/110V voltage converter will be provided for 
customers out side of North America )  
Temperature Sensor: RTD Pt100  
Operating Temperature Range: Room Temperature - 200°C 
Temperature Stability:  0.1°C @148°C  (Standard Deviation) 
Host Crystal Dimension: 2x2x5mm  to  7x7x20mm  
Oven External Size: φ50x55mm  
 
Crystals may be pre-mounted in the oven upon customer's request. Custom-made oven and 
temperature controller are also available for your specific applications. Specifications are subject to 
change without notice. 
 
Application Examples: 
Noncritical Phasematching 
LBO: SHG of Nd:YAG/YLF/YVO4 lasers (148-170°C),  
OPO pumped by SHG of Nd:YAG/YLF/YVO4 or Ti:Sapphire lasers (RT-200°C) 
KNbO3: SHG of 860-950nm (y-cut) (20-180°C), SHG of 990-1064nm (z-cut) (20-188°C) 
LiNbO3: SHG of Nd:YAG/YLF/YVO4 lasers (120°C) 
KD*P: SHG of 532 nm (52.1 °C), ADP: SHG of 532 nm (51.2°C)  
 
Reduction of optical damage 
KTP, LiNbO3: Kept warm at 80°C  
 
Protection from moisture 
BBO, KD*P, KDP: Kept warm at well above the room temperature.  
 


