APPLIED PHYSICS LETTERS VOLUME 78, NUMBER 14 2 APRIL 2001

Green-induced infrared absorption in MgO doped LINDO 5
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Green-induced infrared absorptig@RIIRA) was investigated by a photothermal technique for
undoped and Mg-doped LiNbQcrystals that have different Li/Nb ratios. Threshold effect on
GRIIRA was found, threshold MgO concentrations being the same for GRIIRA and photorefraction.
We suggest that GRIIRA is associated with the formation of the small polaron that is located on Nb
antisite defect. The remarkable decrease of GRIIRA in Mg:Lillle@n then be attributed to the
elimination of this intrinsic defect, Nb in Li, following the incorporation of Mg on Li sites. For
nonlinear optical applications, LiNbOdoped with MgO at concentrations over threshold has a
combined advantage of having almost no GRIIRA and photorefraction20@1 American Institute

of Physics. [DOI: 10.1063/1.1359137

In recent years there has been increasing interest in thehiometric melt with the addition of 11 mol % of O as
use of quasi-phase-match&gPM) nonlinear crystafsfor a  flux and of MgO as dopant. Crystals denoted as CLN and
variety of frequency conversion applications. PeriodicallyMg:CLN were grown by the conventional Czochralski
poled lithium niobatéPPLN) has been demonstrated to give method from congruent melt compositions. Chemical com-
efficient second-harmonic generatfand optical parametric position, Curie temperature, OH absorption wave number,
oscillatior? in both the cw and the Q-switched regimes. and photorefractive damage threshold of the LiNsgle
However, the performance of high power operating PPLN<crystals used in this study are summarized in Tal&he
SHG devices has been limited by material issues such asrresponding chemical formulas were characterized by
photorefractive beam distortion and green-induced infrare¢hemical analysis as follows: The crushed samples were dis-
absorption(GRIIRA).* It has been demonstrated that the solved with HNQ-HF solution in a closed Teflon vessel at
former problem can be solved by either high temperaturel50 °C for one night. After being filtered for the separation
device operation or MgO doping to the LiNg©rystal, how-  of precipitated Mgk, the yielded solution was passed
ever, the latter problem still remains to be investigated. Dethrough as SA-a anion exchanger for further separation of Li
fect models of the phenomena of green-induced infrared atand Nb ions. The Li and Mg content were analyzed by an
sorption have not been developed. Recently we reported th#xiductively coupled plasma atomic emission spectrometry
photorefraction in LINbQwas completely eliminated by the (ICP-AES. The Nb ions eliminated from the resin by
doping of small amounts of MgO in crystals with near- HCI-HF solution were precipitated by cuperon, and the pre-
stoichiometric composition These notable changes in mate- cipitate was dried and incinerated. The weight of the yielded
rial properties are strongly related to the elimination of NbNb205 gave the Nb content. The accuracy fai]/[Nb] cat-
antisite defects (Nb) by the substitution of Mg on Li sites. jon ratios in Mg:SLN and Mg:CLN was 0.6% while that for

In this letter, we investigate the influence of MgO dop- MgO content amounted to 0.8%. As shown in Table I, it is
ing on the GRIIRA properties in LiNb§) and demonstrate clear that the SLN crystals contain lower intrinsic defect den-
that LiINbO; crystals doped with MgO show remarkably sities than conventional CLN crystals, but they still contain
lower GRIIRA than undoped LiNb©crystals. Nby; at levels of thousands of ppm. On the other hand, ex-

LiNbO;3 single crystals grown by two different methods trinsic defects such as Fe were determined by ICP analysis to
were used in this study. They are denoted CLN when theipe in the ppm levels. In Table I, optical damage threshold
stoichiometry, expressed as the ratio;=[Li]/([Li] refers to the onset of optical damage. The high MgO concen-
+[Nb]), has a congruent-composition value of 48.4% andration samples, according to the data presented, displayed
SLN when it deviates from this value in the direction of the hq optical damage, therefore the optical damage threshold
stoichiometric composition of 50%. Crystals denoted as SLNyas never reached. The high MgO concentration samples
and Mg:SLN were grown as described in earlier refdols  snowed a shift in the OH absorption band from 3466 to 3485
use of a top-seeded solution growth technique from a stogy 3552 et which suggests that at those doping levels, the
excess NB" on Li sites has been completely replaced by
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TABLE |. Chemical formula, Curie temperature, wave number of OH absorption, and photorefractive damage
threshold of samples.

Position of
Curie temperatureOH absorption  Optical damage

Sample Chemical formula (°C) band (cml) threshol& (kW/cn?)
Nondoped CLN  LiggsdJo.oANby 0105 1145.0 3485 1
Mg30 CLN Lio.024MJo.03d Jo.0aND1 003 1188.5 3485 10
Mg45 CLN Lio.00M0.04d Jo.052ND1. 00105 1209.0 3485 75
Mg60 CLN Lio.s3dV190.06d Jo.059NDo.00503 1220.0 3532 >8000
Nondoped SLN L god Jo.00d\Nb1. 005 1192.0 3466 0.1
Mg06 SLN Lio.o85¢¥190.0074 Jo.006dND1.00003 1205.5 3466 10
Mg18 SLN Lio.7M00.014 Jo.01:NDo 99803 1211.0 3532 >8000
Mg36 SLN Lio.05MGi 034 Jo.14NBo g0580s 1210.5 3532 >8000°

#Photorefractive damage threshold is defined as the cw green-light intensity where the transmitted laser beam is
distorted as a result of photorefraction after 10 min of irradiatese Ref. b
PNo photorefraction was observed at this intensity level.

The technique for absorption measurement used in thipolarized light propagating in the direction normal to the
work was photothermal common-path interferom&tmpich  optic axis.
has the sensitivity of 0.1 ppm/cm. We measured absorption Figure 1 shows an example of green-induced infrared
of an infrared pump bearfwavelength 1064 ninwith the  absorption and photorefraction as a function of time for an
power density of 21 kW/cf which was focused into 0.5 undoped, nearly stoichiometric LiNaQrystal (Li]/[Nb]
mm thick crystals. Both green and infrared light were propa-=0-988). As seen in this figure, undoped SLN shows small
gated along the axis in order to separate refractive index initial IR absorption (0.0017 cfit) and a factor of five in-
change caused by thermal effect from photorefractive effec€€@se in IR absorption in the presence of green light. The
A green beam, with a wavelength of 532 nm and with the9"€€n induced IR absorption observed here recovered to its
power density in the range 0.03—3.6 kWfnwas opened or|g|n.al value when the green pump beam was turned off.
and closed manually. Green and IR beams were aligned to F19ure 2 shows the effect §Li J[Nb] stoichiometry and
overlap inside the crystal so that the change of IR absorptileIg doping on the GR”RA n L,'NbQ' qu low doping Iev-.
in the presence of green light could be monitored. Values fo Is GRIIRA increased with the increase in Mg concentration,

S . . owever, doping with Mg concentrations that exceeded cer-
photorefraction in the presence of green light were estimateq .
ain threshold levels showed remarkable decreases of

These values are estimated from the basic feature of the phg-

: . . Lnaller Mg concentration than Mg:CLN for low GRIIRA
tothermal system, which detects any phase distortion of thgtate to be reached. The data plotted by open circles and

probe beam caused by temperature change or photorefragben triangles in Fig. 2 show samples that exhibit no mea-

tion. Note that for the specific configuration uséibht g, rapje photorefractive damage at 532 nm to intensities of as
propagating along the optic axis, thin crystile observed |, ,ch as 8 MW/crhin Table I.

index change is approximately two orders of magnitude  Figure 3 shows photorefraction as a function [bf]/
lower than for the conventional geometry with extraordinary
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FIG. 1. Example of the change of infrared absorption and photorefraction byIG. 2. Green induced infrared absorpti@RIIRA) vs MgO concentration
green light irradiation in an undoped nearly stoichiometric LiNm®ystal in SLN and CLN crystals. Chemical formula and other material properties

listed in Table I. of these samples are listed in Table I.
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(x10°5) threshold needs some comments. Both the rate of excitation
R e e A A A N of electrons to the conduction band and small polaron life-
I 532nm: 2.5KW/iom? | time will contribute to the IR absorption along with Nb

25 [ 1064nm : 21.0KW/cm? 1 concentration. As to the concentration, it is clear that un-
2 i ] doped SLN crystals contain lower intrinsic defect densities
® oo [ 1 than conventional CLN crystals, but they still contain, Ndat
2 7t 1 a level of thousands of ppm. Since SLN crystals show stron-
% i ] ger GRIIRA than CLN crystals the other factors should play
% 15 ] a very important role.
h ] As for the excitation rate, it should be proportional to the
o 10 F ] concentration of the corresponding defects responsible for
2 I ] the green absorption. Fe impurity is known to contribute to
§ L excitation of electrons to the conduction band. The concen-
E’ 05 ) tration of Fe was determined by chemi¢iCP) analysis to

_ 1 be in the ppm levels both in SLN and CLN. This number is
0 Lo DO B well below the concentration of Npshallow traps, even in
-1 0 1 2 3 4 5 6 7 g : :
. o SLN, so that it is likely that most excited electrons will be
MgO concentration (mol.%) trapped by Np. This is why the dominant factor in
FIG. 3. Photorefractive index change vs MgO concentration in SLN andGR”RA! f_or the sar_ne excftapon rate_z, is probably small po-
CLN crystals. Chemical formula and other material properties of thesdaron lifetime. In this way it is possible that small polaron
samples are listed in Table . lifetime increases dramatically near the threshold. This as-
sumption has to be checked experimentally.

[Nb] and MgO concentrations. The refractive index changes " Summary, we have investigated green-induced infra-
were measured along with the GRIIRA measurements showffd @Psorption and photorefraction by means of the photo-
in Fig. 2. The photorefraction in both SLN and CLN crystalstherm{‘;II hcommon-p()jath. mtt;rfgror_ng}ry techlmq?e. V\(/je ob-
decreased monotonically with increase of MgO concentraS€"ved U at.Mt?O opmg} ﬁ IS|m|ar results for reducing
tion. SLN crystals with highiLi /[Nb] ratios show faster de- CRIIRA N LINDO;, namely that less MgO was necessary to

creases of photorefraction than congruent crystals. The feg_limir)ate GRI_IRA in stoichiometric LiNb@than in congru-
ture similar to the GRIIRA behavior is the threshold doping €Mt LINDOs. LINDO; crystals doped with Mg(f) at levels ex-
level over which photorefraction disappears along with theceedlng threshold cpqcentrat|ons of 1 mol. % for _SLN aqd >
disappearance of GRIIRA. mol. % for CLN exhibit no measurable GRIIRA with an ir-

The reasons for the threshold behavior of both photoref@diation up to 3.5 kwi/cthof green light. This remarkable

fraction and GRIIRA are probably related. Moreover, in d€crease of GRIIRA in Mg:LiNb@is attributed to the elimi-
Table I, the optical damage disappearance and the shift in tHeAtion of antisite intrinsic defects of Nb

OH absorption band from 3466 to 3485 to 3532 ¢nboth
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