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LASER MATERIALS

NON-LINEAR OPTICAL MATERIALS

PRESENTATION

PHOTONIC CRYSTALS

The Physics and Crystallography of Materials (FiCMA) group is an interdisciplinar research team integrated by 12 researchers. FiCMA has more than 14 years of experience in the 
field of the physics and crystallography of materials.
Our interest is centered in the obtaining and characterization of crystals for laser technology. Now, our interest is focused in the development of new  laser materials (solid state hosts 
doped with lanthanide and transition metal ions of laser emission) and non-linear optical materials doped with lanthanide ions (self-frequency doubling materials).
Our research includes the crystal growth and synthesis of new materials at high temperature, the mechanic preparation of the sample (crystallographic oriented cut and polish), the 
crystallographic characterization, the electric and thermic characterization, the optic and spectroscopic characterization and the laser tests of these materials.

Optical materials research at URV
O. Silvestre, A. Peña, I. Parreu, F. Güell, A. Aznar, X. Mateos, J.J. Carvajal, M.C. Pujol, 

N. Bakker, A. Montero, R. Solé, Jna. Gavaldà, J. Massons, M. Aguiló and F. Díaz

Física i Cristal·lografia de Materials (FiCMA), Universitat Rovira i Virgili, Marcel·lí Domingo, s/n, 43007, Tarragona; e-mail contact: diaz@quimica.urv.es

SINGLE CRYSTAL GROWTH OF TUNGSTATES AND PHOSPHATES

KTP microcavity for actively induced 
transmission via a quadratic nonlinear optical 
interaction.

2-D photonic
structures of
KTP crystals.

1-D 
photonic
structures
of RTP 
crystals.

SCIENTIFIC COLLABORATIONS

Instituto de Ciencia de Materiales de Madrid

Institut de Ciencia de Materials de 
Barcelona

Universitat de Barcelona

Universitat Politècnica de Catalunya

Universitat de Valencia

Universidad Miguel Hernanadez

Universidad Autonoma de Madrid

Bulgarian Academy of Sciences

Max Born Institute (Berlin)

École Politechnique de Lausanne

Polish Academy of Science

Royal Institute of Technology (Stockholm)

Université Joseph Fourier (Grenoble)

Université Claude Bernard (Lyon)

Laboratorie de Cristallographie, CNRS (Grenoble)

Universiteit Utrecht

Top-Seeded Solution Growth method (TSSG)

Furnace used to grow the crystalsKGd(WO4)2:Yb,Er single crystal

EPITAXIAL GROWTH OF TUNGSTATES

Liquid Phase Epitaxy (LPE)

KYW:Yb layer

KLuW:Yb layer

Layer thickness by SEM

(010) face  of KYW:Yb layer

100mm

Obtaining of micro and nano-crystals of KGW by
Pechini method

NANOCRYSTALS OF TUNGSTATES

� Chain of square antiprism 
gadolinium polyhedra// [101]

KREW:  Space group: C2/c Point group: 2/m

Structural characterisation

KTP/KTP:Ge

GROWTH OF Nd OR Yb DOPED bbbb-BaB2O4 (bbbb-BBO)

CRYSTALLIZATION REGION OF BBO IN THE BBO-Na2O-Nd2O3
SYSTEM
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Top    Seeded    Solution 
Growth BBO:Nd crystal

The crystallization temperature of BBO 
decreases with the increasing of the 
concentration of Nd2O3 or Yb2O3 in the 
solution, as well as, with the increasing of 
Na2O.

The temperature of a/b transition increases  by 
increasing the Nd2O3 or Yb2O3 in the solution.

In the case of doping with Nd the b-phase can 
be obtained without any solvent.

There is a stabilization of the b-BBO phase

Seed orientation: 

b crystallographic direction

Temperature of saturation: 

1146 –1189 K

Composition of solution:

12-15% solute KREW – 88-85% solvent 
K2W2O7

Obtaining of homogeneous epitaxial films over crystalline 
substrates of KREW.  

Solution : 93-97 % K2W2O7.- 5-7% KREW:Yb

Surface morphology by AFM

(010) face of KLuW:Yb layer

mm

1

3
4
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CHARACTERISATION OF LASER MATERIALS

X-Ray powder diffraction and single 
crystal diffraction of KREW crystals 

Optical absorption of Yb3+

Thermal expansion ellipsoid 
for KNP in projection parallel 

to [010

Spectroscopic characterisationLinear expansion tensor by High temperatureX-Ray 
powder diffraction of KNP crystals

Optical emission of Er3+

Bulk crystals of the KTP family

TOP SEEDED SOLUTION GROWTH OF RbTiOPO4:(Nb,RE)

Seed orientation: c perpendicular to the surface of the solution
Saturation temperatures: between 1173 K and 1199 K
Composition of solution:
42.9 Rb2O- 35.1 P2O5-20.9 TiO2- 0.66 Nb2O5- 0.44 RE2O3

Axial temperature gradient: 0.5-0-6 K/mm

Platinum Stirrer

COMPOSITIONAL 
CHANGE IN THE 
SUBSTRATE/FILM 
INTERPHASE

RTP:(Nb,Er)

Morphology

RTP:Nb

Mixed solution

Fine Powder KGW

Calcination at 300°C, 450 °C,  
650 °C and 800 °C , 6h

heating at 
80°C

K2CO3, Gd2O3, and WO3+ HNO3,65%

Dark brown resin

Citrate solution

Nitrates 
precipitates

Evaporation

Concentrated 
Citric solution 

99.9%

Ethylene glycol
2% Volume

Monoclinic C2/c KGW

Monoclinic System, S.G. P21                                 
a=7.2860(10), b=8.4420(10) 

c=8.0340(10) Å and b=91.170(10)º, 
Z=2, V = 493.80 (11) Å3

Seed orientation: 

a or b crystallographic direction

Temperature of saturation: 

1070 –1075 K

Composition of solution:

6 Nd2O3 : 34 K2O : 60 P2O5 mol%

KNd(PO3)4 single crystal

KREW tungstates KNP phosphates

National collaborations
International collaborations

Relative thermal evolution of the cell 
parameters and unit cell volume of 

KNd(PO3)4

Wavelength (nm)

Pujol et al. Physical Review B, 65 (2002) 165121

Carvajal et al. Chem. Mater. 14 (2002) 3136

LIQUID PHASE EPITAXY OF KTiOPO4 AND 
ISOSTRUCTURALS

High quality epitaxial films of KTP on substrates of the same family can 
be grown by Liquid Phase Epitaxy (LPE) by controlling the miscmatch
between the cell parameters of the substrate and those of the film. This 
is possible due to the possibility to obtain solid solutions of different 
compound of this family. The thickness of the film can be controlled by 
adjusting the supersaturation of the solution and the growth time.
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The epitaxy on 
{110} and {011}, 
generally had 
hillocks as defects 
and were 
independent of the 
time of growth.

The films on the 
{100} and {201} 
faces were of high 
quality . 

Solé et al. 
J. Mater. 
Res. 17 

(2002) 563.

Cojocaru et al. Appl. Phys. Lett. 79 (2001) 4479.

Solé et al. J. Cryst. Growth 207 (1999) 104.

Parreu et al. Chem. Mater. 15 (2003) 5059 Mateos et al. Appl. 
Phys. Lett. 80 
(2002) 4510

Solé et a. J. Cryst. Growth 169 (1996) 600. Parreu et al. Chem. Mater. 15 (2003) 5059

Aznar et al. Appl. Phys. Lett. (2004) in press

Pujol et al. J. Appl. Crystallogr. 34 (2001) 1

Mateos et al. 
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Quantum 
Electron. 40 
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Laser Gain of Erbium 
emission in KGW:Er:Yb


