Neodymium-doped Yttri

Nd:YVO4

Yttrium Vanadate (or orthovanadate) doped with Neodymium, Nd:YVOyg4,
is a promising material for diode pumped lasers. Several advantages
over Nd:YAG include a higher gain cross-section, lower threshold, a
wider Nd absorption peak and polarized output. The wider absorption
peak means that the laser output power is less sensitive to drifting of
the diode pump wavelength due to temperature or ageing effects. One
optimum pump wavelength is central at 809 nm with a useful range (at
50% of the peak) of 801 to 821 nm. Similarly Nd:YAG peaks at 809 nm,

but its range is only 805 to 810 nm.

AOTK uses Cz method technology to grow Nd:YVO4 crystal. The crystal is
tetragonal which means there are two equivalent “a” directions and a
“c” direction, all mutually orthogonal. A typical laser rod is oriented with
the rod axis along an a-axis of the crystal. Maximum absorption of pump

light occurs for polarization along the c-axis.

AOTK Provides:

e Nd doping concentration from 0.1at% to 3at%

e Various size bulk and finished high quality Nd:YVO4 crystals up to ®35x50mm3 and ®20x25mm3, respectively
® 30,000 pcs of Nd:YVO4 devices per month in sizes 3x3x0.5 to 4x4x25 mms3

Nd:YVO4 advanced properties

e Large stimulated emission cross-section at lasing wavelength
e High absorption over a wide pumping wavelength bandwidth
e Low lasing threshold and high slope efficiency

e Low threshold and wide absorption peak at pump wavelength

e Large birefringence emits polarized laser

Basic Properties

1. Structural and Physical Properties

Crystal Structure

Zircon Tetragonal, Space group Din

Lattice Parameters

a=b=7.12A, ¢c=6.29A

Mohs Hardness

~5 (Glass - like)

Atomic Density

1.26x102° atoms/cm? (Nd 1.0at%)

Density

4.22 g/cm3

Melting Point

1825°C

Thermal Expansion Coefficient

oa=4.43 x 106 /K; oc=11.37 x 10° /K

Thermal Conductivity

//C: 523W/m/K, 1C: 5.10W/m/K

2. Optical Properties

Lasing Wavelength

1064nm, 1342nm, 914nm

Crystal Class

Positive uniaxial, no=na=np, ne=nc

Sellmeier Equation
(for pure YVO4 crystal)

no2 = 3.77834+0.069736/(12-0.04724)-0.0108133)2
ne2 = 4.59905+0.110534/(12-0.04813)-0.0122676A2

Refractive Indexes

no = 1.9573, ne = 2.1652 at 1064 nm
n, =1.9721, n.= 2.1858 at 808 nm
no, = 2.0210, ne = 2.2560 at 532 nm

Thermal Optical Coefficient

dna/dT = 8.5x10-¢/°C; dnc/dT = 3.0x10¢/°C

Absorption Coefficient

31.4 cm1 at 808 nm




Absorption Length 0.32 mm at 808 nm

Intrinsic Loss 0.02 cm-t at 1064 nm

Gain Bandwidth 0.96 nm (257 GHz) at 1064 nm
Fluorescence Lifetime ~ 90 us at 808 nm

Polarized Laser Emission n polarization, parallel to optic axis (C-axis)
Stimulated Emission Cross-Section 2.5x10-1° cm?2 at 1064 nm

Absorption Curves of Different Doping Nd:YVO4
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Nd:YVO4 crystal shows very high absorption coefficients at pumping wavelengths. A crystal short-in-length (e.g.
1mm) is preferred, and more compact lasers can be constructed by applying Nd:YVO4 than applying Nd:YAG.
Furthermore, it has a wide and smoothly-varied bandwidth of absorption, so it allows of less stringent

requirements of diode laser selection and wavelength control as compared with Nd:YAG.

Laser Properties

Nd:YVO4 crystal has large stimulated emission cross-sections (o) at 1064 nm & 1342 nm. The stimulated emission
cross-section of an a-axis cut Nd:YVO4 crystal at 1064 nm is about 4 times that of the Nd:YAG crystal. Due to its
high pump quantum efficiency, the slope efficiency of Nd:YVO4 can be very high when the laser cavity is properly

designed. The major laser properties of Nd:YVO4 in comparison with that of Nd:YAG are listed as following table .

Laser properties of Nd:YVO4 and Nd:YAG

Nd Doped G (x102° o T lo Ptn Ns
Laser Crystal cm?)

(atm%) (cm-) (ps) (mm) (mWw) (%)
Nd:YVOs A-cut 1.1 25 31.2 90 0.32 78 48.6
Nd:YVOs A-cut 2.0 25 72.4 50 0.14 78
Nd:YVOs C-cut 1.1 7 9.2 90 231 45.5
Nd:YAG 0.9 6.0 7.1 230 1.41 115 38.7

Main Application-DPSS Lasers

In compact cavity design of Nd:YVO4+KTP, high power green output can be obtained in a diode-pumped Nd:YVO4
laser. 3x3x1 mm3 pumped by 1W diode laser, more than 250 mW TEMoo 532 nm output was obtained with a

3x3x5 mm3 intracavity KTP. Fig. 1 shows the scheme for compact design of diode-pumped green laser.
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HT@ 808nm

Fig. 1 Scheme for compact design of DPSS green laser with Nd:YVO4

Nd:YVO4 is efficient and has good performance in diode-pumped 1340 nm laser, due to its very large stimulated
emission cross section at 1340 nm (over 18 times larger than that of Nd:YAG). If 1 mm long Nd:YVO4 crystal

pumped by an 1000 mW diode laser at 809 nm, 70 mW output at 1340 nm has been obtained.

More than 420 mW blue laser @ 457 nm based on Nd:YVO4+ BBO crystals, is commercial available .

Standard Specifications

Nd concentrations Range 0.27at%, 0.5at%, 1.0at%, 2.0at%, 3.0at%
Wavefront Distortion <A/8 @633 nm

Scattering Sites Invisible, probed with a Green laser
Orientation A-axis or C-axis cut, + 0.2°

1) Plano/Plano

2) Plano/Brewster-cut

3) Brewster-cut/Brewster-cut
4) Other angle-wedge

Typical End-faces

Surface Finish 10/5 scratch/dig as per MIL-0-13830A
Flatness 2/10 @632.8 nm

Parallelism < 10 arc seconds

Perpendicularity < 5 arc minutes

Clear Aperture > Central 90%

1) S1 - HR @1064 nm & HT @808 nm (I*)
S2-AR @ 1064 nm

2) S1 - HR @1064 & 532 nm & HT @808 nm (l1*)
S2-AR @ 1064 & 532 nm

3) S1- AR @1064 nm & HT @808 nm(lll*)
S2-AR @ 1064 nm

4) Both ends AR @1064 nm (IV*)

5) Other kinds of AR, HR coatings upon requests

Coatings

*1) Rioeanm > 99.8%, Tsosnm >95%
*11) R1oe4nm > 99.8%, Rs32nm > 99.5%, Tsosnm > 95%
*“') R1o064nm < 0.2%, Rsosnm < 0.4%

*IV) R1o6anm < 0.15%, per surface

Nd:YVO4 Standard Products

Part No. Nd Doping Dimension Coatings
NdYV01301 1 at% 3x3x1mm HR/AR Coating
NdYV01305 1 at% 3x3x5mm AR/AR Coating
NdYV02301 2 at% 3x3x1imm HR/AR Coating
NdYV02302 2 at% 3x3x5mm AR/AR Coating
NdYV05308 0.5 at% 3x3x8mm AR/AR Coating
NdYV05310 0.5 at% 3x3x10mm AR/AR Coating




NdYVO7308 0.27 at% 3x3x8mm AR/AR Coating

NdYV07310 0.27 at% 3x3x10mm AR/AR Coating

NdYV07312 0.27 at% 3x3x12mm AR/AR Coating

Note
e Other specifications of Nd:YVO4 crystals and coatings are available upon request.
o AOTK provides the complete diode pumped laser kits, including laser crystals (Nd:YVO4, Nd:GdVOa4, and Nd:YAG),

NLO crystals (KTP, LBO, BBO) and laser optics. Please refer to the information about diode pumped laser optics kits.

All statements, technical information and recommendations related to the products herein are based upon information believed to be reliable or
accuracy or completeness thereof is not guaranteed, and no responsibility is assumed for any inaccuracies. The user assumes all risks and liability
whatsoever in connection with the use of a product or its application, AOTK reserves the right to change at any time of a product offered for sale

herein. AOTK makes no representations that the products herein are free from any intellectual property claims of others. Please contact AOTK for
more information.
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Neodymium-doped Gadol

Nd:GdVO4

Nd:GdVO4 crystal is an excellent laser host materials for diode pumped
solid state (DPSS) lasers as its good physical, optical and mechanical
properties. Like Nd:YVOa4, the Nd:GdVO4 exhibits a larger absorption and
emission cross section compared to Nd:YAG. In fact, Nd:GdVO4 has a 7-
times higher absorption cross section at 808nm and a 3-times larger
emission cross section at 1.06um than does Nd:YAG. Nd:GdVO4 has the
additional advantage over Nd:YVOs of a much higher thermal

conductivity.

By compared Nd:GdVO4 and Nd:YVOs in a diode pumped, in each case of
cw laser performance at 1.06pym and 1.34pum and intracavity doubling
with KTP and LBO, the Nd:GdVO4 had a higher slope efficiency or optical

conversion efficiency than did Nd:GdVOa.

AOTK uses the advance Czochralski method technology to grow Nd:GdVO4 crystal. The crystal is tetragonal which
means that there are two equivalent "a" directions and a "c" direction, all mutually orthogonal. A typical laser rod
is oriented with the rod axis along an a-axis of the crystal. Maximum absorption of pump light occurs for

polarization along the c-axis.

Nd:GdVO4 advanced properties

e Good thermal conductivity

e Large stimulated emission cross-section at lasing wavelength
e High absorption over a wide pumping wavelength bandwidth
e Low lasing threshold and high slope efficiency

e Low threshold and wide absorption peak at pump wavelength
e Strongly-polarized laser output

e Low dependency on pump wavelength

Basic Properties

Chemical Formula Gd.o9Nd.01VO4

Crystal Structure Tetragonal, Space group 141/amd
Lattice Parameters a=b=7.21A, ¢=6.35A

Mohs Hardness 4.6-5

Density 5.47 g/cm3

Melting Point 1780°C

Optical Properties

Lasing Wavelength 1062.9nm, ~1340 nm
Pump Wavelength 808.4nm

Gain Bandwidth 1.3nm

Refractive Indexes no = 1.98535, ne = 2.19813 at 1064 nm
Emission Cross-section (near 1064nm) 7.6x1019¢cm?2
Absorption Cross-section (at 808nm) 5.2x1019cm?2
Linewidth 3 nm

Polarization Parallel to c-axis
Upper-state Lifetime 95us

Gain Saturation Fluorescence 37.3mJ/ cm?2

Peak Absorption Coefficient (near 808nm) 57cm-1 (doped at 1.0%)
Thermal Conductivity <110> 11.7W/m/K
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Demonstrated Performance in Diode Pumped Laser Systems

Max. Optical
. Output Wavelength - . _
Laser Operation um) Frequency Doubler Slope Efficiency (%) Conversion Efficiency
. (%)
cw 1.06 None 44.6 n/a
cw 1.06 None 429 38.1
cw 1.34 None 40.2 n/a
cw 0.53 KTP n/a 21.0
cw 0.67 LBO n/a 2.8
Q-switched 1.06 None 31.6 n/a
Q-switched 0.53 KTP n/a 25.0
Information Regarding Neodymium Laser Host Crystals
Laser Host Crystals Nd:GdVO4 Nd:YVO4 Nd:YAG
Laser Wavelengths 1062.9 nm 1064.3 nm 1064.2 nm
g ~1340 nm 1342.0 nm 1338.2 nm
Emission Bandwidth
mission Bancw 3.0 nm 0.8 nm 0.45 nm

(Linewidth at 1064 nm)

Emission Cross Section at 1064 nm

7.6 x 10-t°cm-2

15.6 x 10-1°cm-2

6.5 x 10-19c¢m2

Polarization

Parallel to c-axis

Parallel to c-axis

Unpolarized

Radiative Lifetime at 1% Nd Doping ~ 95 us ~ 100 ps 230 ps
Pump Wavelength 808.4 nm 808.5 nm 807.5 nm
:teiI;P;:;:angbsorptlon ~ 57 em- ~ 41 em-

Thermal Conductivity 11.7 W/m/K 5.1W/m/K 14 W/ m/K
Doping Concentration Range 0.1-3.0% 0.1-3.0% 0.1-2.0%
Other Possible Dopants Tm, Ho, Er Tm, Ho, Er Cr,Tm, Ho, Er,Yb

Material Properties: Comparing Nd:GdVO4 and Nd:YVO4

Laser Host Crystals

Nd:GdVO4

Nd:YVO4

Crystal Structure, Space Group

Tetragonal, 141/amd

Tetragonal, 141/amd

Lattice Constants

a=b=7.21A, ¢=6.35A

a=b=7.21A, c=6.29A

Melting Temperature

1780°C

1825°C

Thermal Expansion @25°C

aa =1.5x 10¢/K
oc=7.3x10¢/K

oa =4.43 x 10¢/K
oc=11.4 x 10-¢/K

Specific Heat @25°C

32.6 cal/mol K

24.6 cal/mol K

dn/dT

4.7 x10-6/°C

2.7 x106/°C

Standard Specifications

Nd concentrations Range

0.27at%, 0.3at%, 0.5at%, 1.0at%, 2.0at%, 3.0at%

Wavefront Distortion

< 3/8 @633 nm

Scattering Sites

invisible, probed with a He-Ne laser

Orientation

A-axis or C-axis cut, + 0.2°

Typical End-faces

1) Plano/Plano

2) Plano/Brewster-cut

3) Brewster-cut/Brewster-cut
4) Other angle-wedge

Surface Finish

10/5 scratch/dig as per MIL-0-13830A

Flatness

2/10 @632.8 nm

Parallelism

< 10 arc seconds

Perpendicularity

< 5 arc minutes

Clear Aperture

> Central 90%




1) S1 - HR @1064 nm & HT @808 nm (I*)
S2 - AR @ 1064 nm

2)S1-HR @1064 & 532 nm & HT @808 nm (l1*)
S2 - AR @ 1064 & 532 nm

3) S1- AR @1064 nm & HT @808 nm(lll*)
S2-AR @ 1064 nm

4) Both ends AR @1064 nm (IV¥*)

5) Other kinds of AR, HR coatings upon requests

Coatings

*1) Rioeanm > 99.8%, Tsosnm >95%
*“) R1064nm > 99.8%, R532nm > 99.5%, T808nm > 95%
*111) R1o64nm < 0.2%, Rsosnm < 0.5%

*IV) R1o64nm < 0.15%, per surface

Note
e Other specifications of Nd:GdVO4 crystals and coatings are available upon request.

All statements, technical information and recommendations related to the products herein are based upon information believed to be reliable or
accuracy or completeness thereof is not guaranteed, and no responsibility is assumed for any inaccuracies. The user assumes all risks and liability
whatsoever in connection with the use of a product or its application, AOTK reserves the right to change at any time of a product offered for sale
herein. AOTK makes no representations that the products herein are free from any intellectual property claims of others. Please contact AOTK for

more information.
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Neodymium-doped Yttri

Nd:YAG

Nd:YAG crystal is the most widely used solid-state laser material adopted by
industrial, medical, military and scientific customers. Its advantages are: low
threshold, high gain, high efficiency, low loss at 1064 nm, as well as high optical
quality, good thermal conductivity and thermal shock characteristics and
mechanical strength properties, which make Nd:YAG as the most suitable laser

material for CW, pulsed, mode locked, Q-switched, and cavity dumped modes of

operation. AOTK has a complete product line with facilities for the growth,
polishing and coating of Nd:YAG crystal. Now, we are able to stably supply the top
quality of finished Nd:YAG laser rods and slabs with high optical homogeneity,
consistent performance, high processing accuracy for R&D and OEM
requirements. Nd:YAG rods for 946 nm and 1319 nm lasers can be provided by
AOTK.

We are developing other various ions doped YAG crystals. Cr4*:YAG, Nd:Ce:YAG,
Yb:YAG, Er:YAG crystals are available upon request.
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Nd:YAG advanced properties
e High gain

® Low threshold

e High efficiency

® Low loss

e Good thermal conductivity and thermal shock characteristics

e Large mechanical strength
e High optical quality

Basic Properties

Chemical Formula Y2.97Ndo.03Als012

Crystal Structure Cubic

Lattice Constants 12.01A

Mohs Hardness 8.5

Tensile Strength 175-200 Mpa

Melting Point 1950°C

Density 4.56 g/cm3

Nd Atoms / cm3 1.38 x 1020 (1.0 at % Nd)
Refractive Index 1.818 at 1064 nm

Thermal Expansion Coefficient 7.0x 10 /K

Thermal Conductivity 14 W/m/K @20°C, 10.5 W/m/K @100 °C
Specific Heat 0.59 Jg1/K

Thermal Shock Resistance 790 W/m

Thermal Optical Coefficient (dn/dt) 7.3x10%/°C

Lasing System Four Level

Lasing Upper State 4F3/2

Lasing Wavelength 1064 nm, 1319.8 nm, 946 nm
Fluorescent Lifetime 230 ps

Loss Coefficient 0.003 cm* @ 1064 nm
Effective Emission Cross Section 2.8 x10%° cm?




Standard Specifications of Nd:YAG Rods

0.10 + 0.05 x 45° S+0.00
50-80 pinches -0.03
{ — l/ L[s]A
57| =111= (Crysta) | 1
L+n_5 10/5 scratchi/dig
— -0.0 -
AR A | 7] 012 @632.8nm|
/ Wedged End
[ A
i 30+ 10

lll 1710

s 2°£10"
67 £10"

g x10
Mote: if both ends wedged paralis],
u
A - A-B angle < 10

Incident Baam

617 12" (Brewster's Angle) Brewster End
‘\_\ % Reflectivity = .06% for plane
polarized incident beam at limit

of angle tolerance.

\2/8° 45 30

06+0.1at%

Nd concentrations 0.8+0.1at%
11+01at%
Orientation <111> within 5°

Diameter 2~15 mm, Length 0.5~180 mm

Rod sizes
Upon request of customer

Diameter +0.000"/-0.002"

Dimensional Tolerances
imenst Length + 0.02"/-0.00"

Fine ground to 50~80microinches

Barrel finish (other barrel finishes available upon request)
Parallelism <10 arc seconds

Perpendicularity <5 arc minutes

Flatness <A10 at 632.8 nm

Surface Quality 10-5 scratch-dig per MIL-0-13830A

Chamfer 0.005"+0.002" x 45°

I) Both ends AR @ 1064 nm (*)

11)S1-AR @ 1064 nm & HT @ 808 nm (*)

1) S1 - HR @ 1064 nm & HT @ 808 nm (*)

IV)S1-HR @ 1064 & 532 nm & HT @ 808 nm (*)
Coatings V) Other AR, HR coatings upon requests

*1) R1064 nm < 0.15% per surface

*11) R1064 nm < 0.20%, Rsos nm < 0.5%

*111) R1064 nm > 99.8%, Tsog nm > 95%

*IV) R1064 nm > 99.8%, Rs32 nm > 99.5%, Tsos nm > 95%
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Extinction Ratio and Wavefront Distortion of Rods

Diameter of Rod (mm) Standard Grade Special Grade
d3~D6.5 <0.1222523(>;éinch go;)g(;\dgnch
O7~d10 <0222 ?, éigch <o§2 é\dgnch
O11~d13 <(;-3‘2;éigch <0>.1zgéi§ch

P14~d15 gf’}-“zgéigch so.;zzsgzgnch

Standard Specifications of Nd:YAG Slabs

View A

S1 S3 s2

|
\Z Brewster Angle
A \ﬁ E /s6 S5

S3

S2

View E

S5

Standard Dimension:

- Width: from 3 mm to 20 mm

- Height: from 3 mm to 12 mm

- Length: from 20 mm to 150 mm
Dimension Tolerance: £0.02 mm
Width dimension of slab to extend radially from center of Nd:YAG boule within 5°, when growth axis along <111>
Surface S1 & S2 perpendicular to Face S5 to within 5 arc minutes
Surface S1 & S2 polished flat to within 1/10 @632.8 nm over test region
Surface S3 & S4 parallel to each other within 5 arc minutes
Surface S3 & S4 polished flat to within 1/2 per 1 inch over test region
Surface S1, S2, S3 & S4 surface finish 10/5 scratch/dig per MIL-0-13830A
Surface S5 & S6 fine ground
Protective chamfers to be applied to all edges unless otherwise stated

Parallelogram-shape slabs also available in AOTK

All statements, technical information and recommendations related to the products herein are based upon information believed to be reliable or
accuracy or completeness thereof is not guaranteed, and no responsibility is assumed for any inaccuracies. The user assumes all risks and liability
whatsoever in connection with the use of a product or its application, AOTK reserves the right to change at any time of a product offered for sale
herein. AOTK makes no representations that the products herein are free from any intellectual property claims of others. Please contact AOTK for
more information.
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Titanium Doped Sapphi
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Ti:Sapphire

Titanium-doped sapphire crystals combine supreme physical and

optical properties with broadest lasing range.

Ti:Sapphire crystal is indefinitely long stability and useful lifetime i Lkl
added to the lasing over entire band of 660-1050 nm challenge : g
“dirty” dyes in variety of applications. It is the most widely used laser
crystal for widely tunable and ultrashort pulsed lasers with high gain

and high power outputs. Medical laser systems, lidars, laser

spectroscopy, direct femtosecond pulse generation by Kerr-type mode- ' | s LN

locking - there are few of existing and potential applications. AL \i'

The absorption band of Ti:Sapphire centered at 490 nm makes it

suitable for variety of laser pump sources - Argon lon, Frequency

Doubled Nd:YAG and YLF, Copper Vapour lasers. Because of 3.2 us fluorescence lifetime Ti:Sapphire crystals can

be effectively pumped by short pulse flashlamps in powerful laser systems.

Using advanced growth method of Temperature Gradient Technique (TGT), AOTK supplies large-sized (Dia.125x
80mm) Ti:Sapphire crystal in high quality free of light scatter, with the dislocation density less than 102cm-2. The
TGT grown sapphire crystal is advantages by the (0001) oriented growth, high doping level (a490 = 7.5cm-1), high
gain and laser damage threshold. Ti:Sapphire crystals of highest optical quality, figure of merit and different

doping levels are routinely available from AOTK.

Physical and Laser Properties

Chemical Formula

Tis+:Al203

Crystal Structure

Hexagonal

Lattice Constants

a=4.758A, c = 12.991A

Density

3.98 g/cm3

Mohs Hardness

9

Thermal Conductivity

0.11 cal/(cm x sec x °C)

Thermal Expansion

8.40 x 10-6/°C

Specific Heat 0.10 cal/g
Heat Capacity 18.6 cal/°C-mole
Melting Point 2050°C

Laser Action

4-Level Vibronic

Fluorescence Lifetime

3.2 us (T = 300K)

Peak Cross-section 3~4 x 10-1°
Tuning Range 660-1050 nm
Absorption Range 400-600 nm
Emission Peak 795 nm
Absorption Peak 488 nm
Absorption Coefficient (a) 1.0-7.5 cm1

Refractive Index

1.76 @ 800 nm

Standard Specifications

Ti203 Concentrations

0.06-0.5 wt%

Orientation

Optical axis C normal to rod axis

Figure of Merit (FOM)

> 150 ( > 300 available on special requests)

Wavefront Distortion

< A/4 inch

Typical End Configurations

Brewster/Brewster or Flat/Flat




Surface Finish 10/5 scratch/dig as per MIL-0-13830A
Flatness A/10 @632.8 nm
Parallelism < 10 arc seconds

All statements, technical information and recommendations related to the products herein are based upon information believed to be reliable or
accuracy or completeness thereof is not guaranteed, and no responsibility is assumed for any inaccuracies. The user assumes all risks and liability
whatsoever in connection with the use of a product or its application, AOTK reserves the right to change at any time of a product offered for sale

herein. AOTK makes no representations that the products herein are free from any intellectual property claims of others. Please contact AOTK for
more information.
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Chromium-dopec

Cr*t:YAG

Cr4+:YAG is an excellent crystal for passively Q-switching diode-
pumped or lamp-pumped Nd:YAG, Nd:YVO4, Nd:YLF, Yb:YAG or other Nd
and Yb doped lasers at wavelength range from 800 to 1200 nm).
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.

It is easy to be operated and therefore outstandingly suited to replace

LiF and Dye which are commonly used for passive Q-switching,
because of its superior properties: large absorption cross section in
the near IR, high damage threshold (>500 MW/cm2), broad absorption
band, good thermal stability and heat dissipation (especially at high

repetition rates).

Cr4+:YAG is more robust than dyes or color centers and is the material of choice for Nd:YAG, Nd:YVOa4, Nd:YLF,
Yb:YAG or other Nd and Yb doped lasers in wavelength range from 800 to 1200 nm).

A pulse width of 8.3ns and a Q-switching efficiency of 56.9% were obtained by using passive Q-switched of Nd:YAG
laser. Cr4*:YAG showed that the pulse width of passively Q-switched lasers could be as short as 5ns for diode
pumped Nd:YAG lasers and repetition as high as 10kHz for diode pumped Nd:YVO4 lasers. Furthermore, an efficient
green output at 532 nm, and UV output at 355 nm and 266 nm were generated, after a subsequent intracavity SHG

in KTP or LBO, THG and 4HG in LBO and BBO for diode pumped and passive Q-switched Nd:YVO4 and Nd:YAG lasers.

Basic Properties

Chemical Formula Cr4*:Y3Als012
Crystal Structure Cubic

Dopant Concentration 0.5-3.0 mol%
Mohs Hardness 8.5

Density 4.55 g/cm3
Melting Point 1950 °C
Thermal Conductivity 0.14 W cm K1
Thermal Expansion 6.9 x 106 °C1

Thermal Shock Resistance

790 Wm-t

Refractive Index

1.82 @1064 nm

Damage Threshold

> 500 MW/cm?2

Standard Specifications

Standard Aperture

@3~10 mm, 2x2~12x12 mm?2

Initial Transmission

5.0% ~ 98.0%

Transmission Tolerance + 2%
Flatness A/8 @633 nm
Parallelism < 20 arc seconds

Perpendicularity

< 5 arc minutes

Surface Quality

10/5 Scratch/Dig per MIL-0-13830A

Barrel Finish

50 - 80 micro-inch (RMS)

Clear Aperture

> Central 90%




Cr4+:YAG Standard Products

Part No. Initial Transmission Section Dimension Coatings
CYAG3350 To=50% 3x3mm AR/AR @ 1064 nm
CYAG3360 To=60% 3x3mm AR/AR @ 1064 nm
CYAG3370 To=70% 3x3mm AR/AR @ 1064 nm
CYAG3375 To=75% 3x3mm AR/AR @ 1064 nm
CYAG3380 To=80% 3x3mm AR/AR @ 1064 nm
CYAG3390 To=90% 3x3mm AR/AR @ 1064 nm
CYAGO0630 To=30% J6mm AR/AR @ 1064 nm
CYAGO0650 To=50% gemm AR/AR @ 1064 nm
CYAG0660 To=60% g6mm AR/AR @ 1064 nm
CYAGO0670 To=70% Z6mm AR/AR @ 1064 nm
CYAGO0680 To=80% Jemm AR/AR @ 1064 nm
CYAGO0690 To=90% gemm AR/AR @ 1064 nm
CYAG0820 To=20% 28mm AR/AR @ 1064 nm
CYAGO0830 To=30% 28mm AR/AR @ 1064 nm
CYAGO0850 To=50% J8mm AR/AR @ 1064 nm
CYAGO0860 To=60% &8mm AR/AR @ 1064 nm
CYAGO0870 To=70% 28mm AR/AR @ 1064 nm
CYAGO0880 To=80% Z8mm AR/AR @ 1064 nm
CYAGO0890 To=90% 28mm AR/AR @ 1064 nm
CYAG1010 To=10% Z10mm AR/AR @ 1064 nm
CYAG1020 To=20% 210mm AR/AR @ 1064 nm
CYAG1030 To=30% Z10mm AR/AR @ 1064 nm
CYAG1050 To=50% 210mm AR/AR @ 1064 nm
CYAG1060 To=60% Z10mm AR/AR @ 1064 nm
CYAG1070 To=70% 210mm AR/AR @ 1064 nm
CYAG1080 To=80% Z10mm AR/AR @ 1064 nm
CYAG1090 To=90% 210mm AR/AR @ 1064 nm

Note
e Other specifications of Cr4*:YAG crystals and coatings are available upon request.
e Please specify the section dimension, initial transmission (or optical density) and coatings while ordering
Cr4+:YAG as passive Q-switch components.

e The relationship of initial transmission and optical density (0.D.) value is: T = 10-0.b-,

All statements, technical information and recommendations related to the products herein are based upon information believed to be reliable or
accuracy or completeness thereof is not guaranteed, and no responsibility is assumed for any inaccuracies. The user assumes all risks and liability
whatsoever in connection with the use of a product or its application, AOTK reserves the right to change at any time of a product offered for sale
herein. AOTK makes no representations that the products herein are free from any intellectual property claims of others. Please contact AOTK for

more information.
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Chromium-doped Yttriu

Yb:YAG

Yb:YAG crystal is one of the most promising laser materials emitting
wavelength at 1030 nm. It is easily to be pumped by reliable InGaAs
laser diodes at 940 nm, due to its peak absorption wavelength at

around 940 nm. Compared with the commonly used Nd:YAG crystal,

Yb:YAG crystal has a much larger absorption bandwidth to reduce
thermal management requirements for diode lasers, a longer upper-
state lifetime, 3-4 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.

AOTK has grown high quality Yb:YAG crystal with advanced technique. Disks,

rods and slabs can be available on customers' request now.

Yb:YAG advanced properties

e High Slope Efficiency

e Low Fractional Heating, Less Than < 11%

e No Excited-State Absorption or Up-Conversion

e Broad Absorption Bandwidth, about 18 nm @ 940 nm

e Conveniently Pumped by Reliable InGaAs Diodes at 940nm (or 970nm)
e High Thermal Conductivity and Strength

Basic Properties

1. Structural and Physical Properties

Chemical Formula Yb:Y3Als012

Crystal Structure Cubic

Lattice Parameters 12.01A

Mohs Hardness 8.5

Density 4.56 g/cm3

Melting Point 1970°C

Specific Heat 0.59J)/g.cm3

Modulus of Elasticity 310GPa

Young's Modulus 3.17X10% Kg/mm?2

Tensile Strength 0.13~0.26GPa
8.2x10%/K [100]

Thermal Expansion Coefficient 7.2x10%/K [110]
7.8x106/K [111]

Thermal Conductivity 14W/m/K @ 20°C; 10.5W/m/K @ 100°C

Thermal Optical Coefficient (dn/dT) 7.3x10¢/°C

Thermal Shock Resistance 790W/m

2. Optical and Spectral Properties

Yb Dopant concentration 5 ~ 30 at%

Laser Wavelength 1030nm

Photon Energy 1.93x101°) @1030nm
Emission Linewidth 9nm

Emission Cross Section 2.0%x102°cm?
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Fluorescence Lifetime 1.2 ms

Diode Pump Band 940nm or 970nm
Pump Absorption Band Width 8 nm

Index of Refraction 1.82

Thermal Optical Coefficient 9 x 106/°C

Loss Coefficient 0.003 cm-

Standard Specifications

Wavefront Distortion <)A/8 @633 nm
Extinction Ratio >28dB
Dimension Tolerances Rods with diameter: £0.05 mm, Length: £0.2 mm
Surface Finish 10/5 scratch/dig as per MIL-0-13830A
Flatness A/10 @632.8 nm
Parallelism < 10 arc seconds
Perpendicularity < 5 arc minutes
Barrel Finish 50-80 micro-inch (RMS)
Clear Aperture > Central 90%
Chamfer <0.1 mm @ 45deg.
1) S1&S2 - AR@ 940 & 1030 nm
Coatings 2) S1- AR@ 940nm + 1030nm, S2- HR@ 940+1030 nm

3) S1- HR @1030nm&HT@ 940nm, S2- AR@ 1030nm

All statements, technical information and recommendations related to the products herein are based upon information believed to be reliable or
accuracy or completeness thereof is not guaranteed, and no responsibility is assumed for any inaccuracies. The user assumes all risks and liability
whatsoever in connection with the use of a product or its application, AOTK reserves the right to change at any time of a product offered for sale
herein. AOTK makes no representations that the products herein are free from any intellectual property claims of others. Please contact AOTK for

more information.
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Neodymium-doped Yttri

Nd:YLF

Nd:YLF is grown utilizing a advanced modified Czochralski technique. Nd:YLF offers an alternative to the more
common Nd:YAG host for near IR operation. The combination of weak thermal lensing, large fluorescence line width

and naturally polarized oscillation makes Nd:YLF an excellent material for CW, modelocked operation.

Advantages of Nd:YLF Crystal
e High power, low beam divergence, efficient single mode operation
e High average power Q-switched at a moderate repetition rate

e Linear polarized resonators for Q-switching and frequency doubling

e Stimulated emission cross section and lifetime product is favorable for low CW threshold

e 1053nm output matches gain curves of Nd:Glass and performs well as an oscillator and pre-amplifier for this host.

Basic Properties

Formula Nd: LiYFa
Crystal Structure Tetragonal
Space Group 141/a

Lattice Parameters

a=5.16A,c=10.85 A

Moh Hardness 4-5

Melting Point 825°C
Density 3.95g/cms3
Thermal Conductivity 0.06 W /cm°C
Heat Capacity 0.79J g1 K1

Thermal Expansion

13 x 10 °C1 (along a axis)
8 x10% °C? (along c axis)

Young’s Modulus

7.65x108 g/cm?2

Optical Properties

Transparency Region

180 ~ 6700 nm

Peak Stimulated Emission Cross Section

1.8x101°cm? (E | ¢) at 1047 nm
1.2x101° cm?2 (E_ | .c) at 1053 nm

Spontaneous Fluorescence Lifetime

485us for 1% Nd

Scatter Losses

<0.2%/cm

Peak Absorption Coefficient
(for 1.2% Nd)

o =10.8cm? (792.0 nm E || ¢)
o =3.59cm? (797.0 nm E | ¢)

Fluorescent Lifetime (Nd 1at%)

230 s

Laser Wavelength

1047nm ( || ¢, or a-cut crystal)
1053nm (_L. ¢, or c-cut crystal)

Index of Refraction

ne = 1.456, no, = 1.479 at 525 nm
ne =1.448, n,=1.470 at 1050 nm

Therm-optic Coefficients (dn/dT)

-2.44x106/°C, -0.54x106/°C at 436 nm
-2.86x106/°C, -0.91x106/°C at 578 nm
-4.30x10-6/°C, -2.00x10¢/°C at 1060 nhm

Sellmeier Equations (A in pm)

ne? =1.38757+0.70757A2/(12 -0.00931)+0.1884942/(A2 -50.99741)
ne? =1.31021+0.84903).2/(A2 -0.00876)+0.53607A2/(A2 -134.9566)

YLF exhibits tetragonal symmetry with crystallographic axes a=b=*c, which are orthogonal ,a = =g=90°. YLF is a

uniaxial crystal with its optical axis aligned with the c axis. Our standard Nd:YLF is grown along the a direction. The -

transition (E |l ¢) occurs at 1047nm with an emission cross-section 50% greater than the o-transition (E |. c) cross

section at 1053nm.
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Standard Specifications

Standard Nd Dopant Concentration 1.0+0.1%

Wavefront Distortion < 0.25)/inch

Extinction Ratio =28 dB

Rod Sizes Diameter: 3~15mm, Length: 1~150mm
Dimensional Tolerances Diameter: +0.00/-0.05mm, Length +0.5/-0.2 mm
Flatness A/8 @633 nm

Parallelism < 10 arc seconds

Perpendicularity < 5 arc minutes

Surface Quality 10/5 Scratch/Dig per MIL-0-13830A

Barrel Finish 50 - 80 micro-inch (RMS)

Clear Aperture > Central 90%

AR Coatings R < 0.15% @1047nm or 1053nm per surface

All statements, technical information and recommendations related to the products herein are based upon information believed to be reliable or
accuracy or completeness thereof is not guaranteed, and no responsibility is assumed for any inaccuracies. The user assumes all risks and liability
whatsoever in connection with the use of a product or its application, AOTK reserves the right to change at any time of a product offered for sale
herein. AOTK makes no representations that the products herein are free from any intellectual property claims of others. Please contact AOTK for
more information.
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Neodymium and Cerium ¢

Nd:Ce:YAG

Nd:Ce:YAG crystal is an excellent laser material used for no-water
cooling and miniature laser systems. In double doped Nd:Ce:YAG
crystals Cerium are chosen as sensitizer for Nd3* ions because of
its strong absorption in UV spectral region at flash lamp pumping
and efficient energy transfer to the Nd3+ excited state. As a result -
thermal distortion in Nd:Ce:YAG is appreciably less and the output
laser energy is greater than that in Nd:YAG at the same pumping.

Therefore it is possible to realize high power lasers with good beam

quality. Lasing wavelength at 1064 nm, laser damage threshold
and thermal conductivity of the Nd:Ce:YAG crystals are the same as
for Nd:YAG.

Advantages of Nd:Ce:YAG Crystals
e Ultra compact

e Low threshold

Very high slope efficiency

Good anti-UV irradiation property

Good thermal stability
e High optical quality

Basic Properties

Crystal Structure Cubic

Lattice Constants 12.01A

Mohs Hardness 8.5

Melting Point 1950°C

Density 4.55 g/cm3

Modulus of Elasticity 310GPa

Thermal Conductivity 14 W/m/K @20°C, 10.5 W/m/K @100 °C
8.2x10%6 /K [100]

Thermal Expansion 7.7 x10% /K [110]
7.8x10% /K [111]

Specific Heat 0.59 Jg1/K

Thermal Shock Resistance 790 Wm-t

Thermal Optical Coefficient (dn/dt) 7.3x10%/°C

Optical and Special Properties

Dopant Concentration Nd: 1.1 ~ 1.4at%, Ce: 0.05 ~ 0.1at%
Lasing System Four Level

Lasing Upper State 4F3/2

Lasing Wavelength 1064 nm

Photon Energy 1.86%10 192 J@ 1064nm
Fluorescent Lifetime (Nd 1at%) 230 us

Emission Linewidth 4.5A @1064nm

Emission Cross Section (Nd 1at%) 2.7~8.8 x 1012 cm2

Refractive Index 1.82 @1064 nm
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Standard Specifications

Orientation <111> within £5°
Wavefront Distortion < 0.2)/inch
Extinction Ratio =28 dB

Rod Sizes

Diameter: 3~6mm, Length: 40~80mm

Dimensional Tolerances

Diameter: +0.00/-0.05mm, Length +0.5/-0.2 mm

Flatness

A/10 @633 nm

Parallelism

< 10 arc seconds

Perpendicularity

< 5 arc minutes

Surface Quality

10/5 Scratch/Dig per MIL-0-13830A

Barrel Finish

50 - 80 micro-inch (RMS)

Chamfer

0.006"+0.002" at 45°+ 5°

Clear Aperture

> Central 90%

AR Coatings

R < 0.10% @1064 nm per surface

All statements, technical information and recommendations related to the products herein are based upon information believed to be reliable or
accuracy or completeness thereof is not guaranteed, and no responsibility is assumed for any inaccuracies. The user assumes all risks and liability
whatsoever in connection with the use of a product or its application, AOTK reserves the right to change at any time of a product offered for sale
herein. AOTK makes no representations that the products herein are free from any intellectual property claims of others. Please contact AOTK for
more information.
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Erbium-doped Yttrium
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Er:YAG

Er:YAG is an excellent laser crystal with a wide pump band of 600 - 800 nm and lasing wavelength at 2940nm. It has

numerous applications in a wide range of medical and dental applications.

Advantages of Er:-YAG Crystals

e Wide pump band of 600 - 800 nm

e High slope efficiency

e High optical quality

e Operates in a long-wavelength, high water peak region

e |deal for hard tissue removal

Basic Properties

Crystal Structure Cubic

Lattice Parameters 12.01A

Mohs Hardness 8.5

Melting Point 1970°C
Density 4.56 g/cm3
Specific Heat 0.59J)/g.cm3
Modulus of Elasticity 310GPa
Tensile Strength 0.13~0.26GPa

Thermal Conductivity

14 W/m/K at 20°C, 10.5 W/m/K at 100°C

Thermal Expansion Coefficient

8.2x10%°C* [100], 7.7 x 106°C*[110], 7.8 x 10¢°C* [111]

Thermal optical Coefficient (dn/dT)

7.3x10%°Ct

Thermal Shock Resistance

790W/m

Optical Properties

Er Dopant Concentration

50 at% (~ 7 x 102tcm?3)

Laser Transition

4l11/2 to 4l13/2

Laser Wavelength

2940nm

Photon Energy

6.75%x10-20) at 2940nm

Emission Cross Section 3x10 20cm?
Index of Refraction 1.79 @ 2940nm
Pump Bands 600~800 nm
Standard Specifications
Orientation [111] within 5°
Wavefront Distortion < 0.125)/inch at 1064 nm
Extinction Ratio =28 dB

Rod Sizes

Diameter: 3~6mm, Length: 50~120mm

Dimensional Tolerances

Diameter: +0.00/-0.05mm, Length: +0.5/-0.2 mm

Flatness

A/10 @633 nm

Parallelism

< 10 arc seconds

Perpendicularity

< 5 arc minutes

Surface Quality

10/5 Scratch/Dig per MIL-0-13830A

Barrel Finish

50 - 80 micro-inch (RMS)

Chamfer

0.006"+0.002" at 45°+ 5°

Clear Aperture

> Central 90%
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Diffusion Bonded Comi

Diffusion Bonded Composite Crystals consist of one laser crystal and
one or two undoped material. They are combined by optical contact
method and further bonded under high temperature. Diffusion Bonded

Crystal helps to decrease thermal lensing effect considerably.

Advantages of Diffusion Bonded Composite Crystals: E

* Decrease thermal effect EZ

* Improve efficiency 'G: .

 High damage threshold . ERRRAARE

* Improve beam quality

e Compact

Applications:
Composite crystals are used to effectively decrease heat effect of Solid-State High-Average-Power Laser. Such

products include YVO4-Nd:YVO4-YVO4, YAG-Nd:YAG-YAG, YAG-Nd:YAG-Cr4*:YAG-YAG crystals, etc.

Material Doping Concentration Aperture (mm) Length (mm)
YVO4+Nd:YVO4+YVO4 0.2-3% 2x2-10x10 3-20
YVO4+Nd:YVO4+YVO4 0.2-3% $3-10 3-20

YAG+Nd:YAG+YAG 0.5-1.1% 2x2-10x10 3-200
YAG+Nd:YAG+YAG 0.5-1.1% $3-15 3-200
YAG+Nd:YAG+Cr4+:YAG+YAG 0.5-1.1%, T=5-90% $3-15 3-200

We have several assembly types as follows:

YVO. Nd:YVO.
YAG Nd:YAG
Type A Type B

YVO. | Nd:YVO. | YVO.
YAG Nd:YAG YAG

Type D

Type E Type F

For other assembly type please contact us for more information.

Standard Specifications

Wavefront Distortion <)A/8 at 633 nm
Scattering Sites invisible, probed with a He-Ne laser
Orientation + 0.5deg.
Dimensional Tolerance + 0.1mm
End-faces Configuration Plano/Plano
Flatness A/10 @633 nm
Parallelism < 10 arc seconds
Surface Quality 10/5 Scratch/Dig per MIL-0-13830A
Clear Aperture > Central 90%
@
S Coatings AR or HR coatings
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