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Abstract: KIn0.07Yb0.13Y0.8(WO4)2 monoclinic C2/c single crystals were grown by the TSSG 
technique. 500 mW of output power were obtained at 300 K with slope efficiency of 69%. The 
laser emission was tunable over λ=1020-1047 nm.  
OCIS codes: 140.3615, 140.5680, 160.5690, 160.3380. 

 
1. Introduction 
 
KLn(WO4)2 crystals, with Ln= Y, Gd, or Lu, are well established laser materials characterized by a very large 
absorption and emission cross sections for the so called Nm crystal direction.  Laser action in Nd, Yb, Tm or Ho 
doped KLn(WO4)2 crystals has been shown under continuous wave (CW), Q-switch and mode-locking operation 
regimes. [1]  More recently, mixed cationic modifications over the optically inert Ln crystal position, i.e  KA1-

xBx(WO4)2, are being studied to produce waveguided lasers. [2]   
Although the ordered character of the crystalline structure limits the spectral width of the optical bands and 

therefore the laser pulse duration, laser pulses near to 100 fs have been obtained for Yb-doped KLn(WO4)2 
crystals.[3] Mixed modifications of the Ln crystal composition (as those mentioned previously for waveguiding 
purposes) may help to enlarge the width of the optical bands and thus to shorten the pulse duration, which is more 
critical for  Nd or Ho lasers than for Yb and Tm ones. With this purpose, mixed modifications have been tested with 
success in other types of ordered laser crystals. [4]  

So far, little is known on Indium (In) modified KLn(WO4)2 crystals. A priori, In may have a significant 
influence in the crystal properties because its ionic radius for VIII-coordination, 0.92 Å, is smaller than those of 
trivalent lanthanides or Y, namely the smallest one for VIII-Ln/Y coordination corresponds to Lu3+, 0.977 Å. In this 
work we show the successful growth of 10 at% In-modified Yb:KY(WO4)2 crystals and we report their fundamental 
spectroscopic and laser characteristics.  
 
2. Crystal growth  
 
KIn(WO4)2 compound crystallizes either in orthorhombic (low temperature) or in trigonal (high temperature) 
structures with a polymorphic transformation at 850 ºC, [5] which differs from the desired monoclinic phase of 
KY(WO4)2. The stability of the monoclinic (space group C2/c) crystalline phase characteristic of the low 
temperature polymorph of KY(WO4)2 has been studied first in polycrystalline powders synthesized at 860 ºC by 
solid state reaction with different In concentrations, KInxY1-x(WO4)2, x= 0.1, 0.15, 0.2, 0.25, 0.3 and 0.5. The 
resulting phase was characterized in a Bruker D8 equipment by powder XRD θ-2θ scans.  Figure 1a shows a 
comparison of selected results with the powder diffraction pattern (PDF) of expected phases.  Above x= 0.25 the 

monoclinic phase coexists with trigonal (hexagonal space group 13cP , Nº 165) one, as can be deduced from the 

presence of extra XR reflections, see for instance the XRD pattern of the KIn0.5Y0.5(WO4)2 composition shown in 
Figure 1a. We selected 10 at% In composition to minimize phase nucleation competition during crystal growth. 

Crystal growth was undertaken by the Top Seeded Solution Growth (TSSG) method using  K2W2O7 flux. 
Crystal seeds of the same composition were used. The solute/flux molar composition was 1/8. The nominal 
saturation temperature of this mixture was found to be 890 ºC and crystal growth was induced by slow (0.05 ºC/h) 
cooling. Figures 1b and 1c show pictures of  two  crystals grown without and with pulling (25 μm per day), 
respectively. 

The obtained crystals were characterized at room temperature by single crystal X-ray diffraction using a Bruker 
SMART CCD 6000 equipment. The monoclinic C2/c structure of the crystal was confirmed. The crystal lattice 
parameters obtained were  a= 10.625(3) Å, bÅ, cÅ and with cell volume 
627.6(2) Å3. As expected the crystal volume is slightly smaller than for KY(WO4)2, V= 629.43 Å3.  The refined 
crystal formula was KIn0.07Yb0.13Y0.8(WO4)2, i.e. In is incorporated to the lattice (7 at%) in a lower amount that it 



 

was in th
melt was 

 

Fig. 1. (a
cr

 
3. Spectr
 
Polarized
was excit
cooled Ge
magnitud
dielectric 
 
 
 
 
 
 
 
 
 
 
 

 
Fig

(continuou

 

Figu
shows thr
hand, fou
provides 
10491, 10
larger tha

Figu
KIn0.07Yb
and Eg va
σEMI and 

 
O

pt
ic

a
l a

bs
o

rp
tio

n 
(a

rb
. u

.)
 

 
 

 
X

R
 in

te
ns

ity
 (

a
rb

. u
.)

1

 

he growth melt
only at 10 at%

a) Comparison of 
rystalline phases. 

roscopic chara

d optical absor
ted with a Ti
e photodiode. 

de larger para
 tensor,  we lim

. 2. KIn0.07Yb0.13Y
us line) and emiss

ure 2a shows t
ree main band
ur band sets 
the following
0726 cm-1. Th
an in the KY(W
ure 2b shows 
b0.13Y0.8(WO4)
alues obtained
the 300 K PL

940 960 98

Wavele

(a) 6 K

***
**

*

(a)

10 20 30

t (10 at%), thi
%. The Yb den

f powder XRD sca
 TSSG crystals w

acterization 

rption (OA) w
-sapphire lase
As the peak a

allel to the Nm

mited most ou

Y0.8(WO4)2 crystal
sion (dashed line) 

the 6 K OA an
ds correspondin
are found in 

g relative ener
he crystal field
WO4)2 crystal, 

the Nm-polar
)2 crystal. The 
d from the Star
L (both for Nm

80 1000 1020 1

 

ngth  (nm)

 

KIn
0.1

Y
0

KIn
0.5

Y
0

*
*

2  (deg)

KY(WO
4
)
2
 monoc

                     PDF

40 50

KIn(WO
4
)
2
 hexago

                       PD

is deficiency i
nsity in the cry

ans  of KInxY1-x(W
with nominal comp

was measured i
er, dispersed b
absorption cro

m direction th
ur measuremen

l. (a)  6 K optical 
cross sections. 30

for several in

nd PL spectra
ng to 2F7/2(0)→
the PL spect

rgies for the Y
d splitting bet
i.e. 10227 cm

rized 300 K a
latter has bee
rk level energ
m) agree, alth

040

P
ho

to
lu

m
in

es
ce

n
ce

 (
ar

b.
 u

.)
 

 

0

0

1

1

 
C

ro
ss

 s
ec

tio
n 

(1
0

-1
9  c

m
2 )

 

0.9
(WO

4
)
2

 

0.5
(WO

4
)
2

 

clinic C2/c

F 73-0557

60 70

 
onal P-3c1 

F 71-1464

is compensate
ystal calculated

WO4)2 compound
position KIn0.1Yb

in a Varian (C
by a Spex (f=

oss section of 
han that paral
nts to Nm pola

absorption and ph
00 K photolumine

nversion ratios, β, 

a of the KIn0.07

→2F5/2(0´,1´,2
trum correspo

Yb3+ Stark lev
tween  the bar

m-1 for KIn0.07Y
absorption (σA

en obtained by
gies given abov
hough at short

920 940 960
0,0

0,5

1,0

1,5


ABS

W

(b) 300 K

ASSL 201

ed by extra inc
d from these r

s prepared by soli
b0.1Y0.8(WO4)2  ob

Cary 5E) spectr
= 34cm) mon
C2/c monoclin
llel to the ort

arization. 

hotoluminescence
escence (points). 
Nm-polarization. 

7Yb0.13Y0.8(W
´) transitions b
onding to  2F
vels:  2F7/2, 0, 
rycenters of 2F

Yb0.13Y0.8(WO
ABS) and emis

y the reciprocit
ve. It is worth
t wavelengths 

980 1000 1020


EMI

Wavelength (nm)

13, París 27 O

corporation of
results is [Yb]=

 

id state reaction w
tained without (b

rophotometer.
nochromator a
nic KLn(WO4

thogonal Ng 

e spectra. Np-pola
Nm-polarization. 
    

O4)2 crystal.   
between Yb3+ 
F5/2(0´)→2F7/2(
257, 314, 394
F7/2 and  2F5/2 
4)2 vs 10167 c
ssion (σEMI) c
ty method tak
h noting that th

the PL intens

1040 1060

 

PL

0

0

1

 G
A

IN
 (

1
0-2

0  c
m

2
)

ctubre-1 Novi

f Yb (13 at%)
= 8.28x1020 cm

with PDF patterns
) and with  (c) pu

. Photolumine
and detected w

4)2 crystals is o
and Np direct

arization.  (b) 300
   (b) 300 K gain 

The absorptio
Stark levels. O

(0,1,2,3) trans
4 cm-1  and  2

multiplets see
cm-1 for KY(W
cross sections
king into accou
he spectral dis
sity is reduced

1010 1020 1030 10
0,0

0,5

1,0

 

=0.1

=0.2

=0.3

=0.4

Waveleng

=0.5

(

iembre 2013 

), that in the 
m-3. 

 

s of possible 
ulling. 

escence (PL) 
with a 77 K 
one order of 
tions of the 

 K absorption 
cross sections 

on spectrum 
On the other 
sitions. This 
2F5/2, 10187, 
ems slightly 

WO4)2.[6] 
s of Yb3+ in 
unt the Zl/Zu 
stribution of 
d due to the 

040 1050 1060

 

gth (nm)

c) 300K



ASSL 2013, París 27 Octubre-1 Noviembre 2013 
 

emission reabsorption. For the laser wavelengths (λ≈ 1030 nm, see later) the emission cross section is ≈ 2×10-20 cm2.  
Figure 2c shows the gain cross section, σGAIN= β×σEMI –(1-β)×σABS , where β is the ratio of the excited to total Yb 
densities. For β<0.2 laser emission is expected to be confined in the 1020-1050 nm range.   

 
4. Laser characterization 
 
The room temperature CW laser operation of the KIn0.07Yb0.13Y0.8(WO4)2 crystal has been pumped with a Ti-
sapphire laser tuned at 981 nm.  In all cases a sample with 1.163 mm  of thickness which absorbed more than 90% 
of the pump beam was used. The laser operation was first tested in the plane-concave (radius of curvature R= -100 
mm) optical cavity. Two output couplers (OC) of transmission at 1050 nm of  TOC=2.5% and 5% were tested. A 
maximum slope efficiency (η) versus absorbed pump power of 69% was obtained with the latter OC. The pump 
laser threshold was 80 mW and the output power at the maximum pump power was near to 500 mW, see Figure 3a. 

A three mirror, V-type, astigmatically compensated optical cavity was used to produce a collimated beam and 
for laser tuning with a Lyot filter. Best η was also obtained with TOC= 5%, see Figure 3b. The spontaneous laser 
wavelength decreased with increasing TOC, indicative that the crystal laser operation shifts to higher gain regime, see 
Figure 2c. With the Lyot filter the laser output was tunable from 1020 to 1047 nm, see Figure 3c.    
 

 

 

 

 

    

 

Fig. 3. KIn0.07Yb0.13Y0.8(WO4)2 crystal.  (a) Laser operation in a plane-concave (R= -100 mm) cavity. (b) Laser operation in a V-type cavity. Total 
length 562 mm. Pump mirror  R= -100 mm. High reflector mirror R= -75 mm. Pump- high reflector distance 132 mm. Folding angle 12º. Plane 

output coupler. TOC= output coupler transmission. = laser slope efficiency. th= threshold pump power. λL= laser wavelength. (c) Laser tuning 
with a Lyot filter, TOC= 5%.   
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