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Visible dual-wavelength light generation in optical superlattice Er:LINbO 3
through upconversion and quasi-phase-matched frequency doubling
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Jing-liang He and Zu-yan Xu
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(Received 26 September 1997; accepted for publication 14 February 1998

Optical superlattice Er:LiNb@was fabricated by inducing a periodic ferroelectric domain structure
into the crystal during the growing process. Because of the combination of the nonlinear optical
properties of LiNbQ and the spectral properties ofEr the crystal can simultaneously emit the
second harmonic light through quasi-phase matching and the green light through upconversion at
room temperature. Pumped by infrared diode lasers, violet-and-green and blue-and-green light
generation was demonstrated in two samples. The detailed absorption spectrum and emission
spectrum of upconversion were measured. The possible physical mechanism was discussed.
© 1998 American Institute of Physid$$0003-695(98)02015-4

Upconversion phenomena are being exploited for the deerystal, with its physical properties being modulated periodi-
velopment of short-wavelength solid state lasers, which haveally in the span of several microns to several tens of mi-
many technical applications including data storage, lasecrons, that is comparable with light wavelength. Because of
printing, underwater communications, and full color laserthe periodic structure, the OSL will exhibit some novel char-
display. Erbium doped fibers were used to demonstrate thacteristics which cannot be found in ordinary matertaBor
physical mechanism of two-photon as well as excited-stat@xample, if the spontaneous polarization of LING@N) is
absorption under near-infrared diode laser excitation. modulated periodically, the nonlinear optical coefficient will
Room temperature green upconversion lasers were devethange its sign from the positive domains to the negative
oped by pumping erbium-doped fibers with infrared domains, so that the quasi-phase matchi@gM) technique
lasers*=® As for E** doped bulk crystals, visible upconver- can be achieved to compensate the phase velocity dispersion
sion laser oscillation was also achieved at cryogenidn frequency conversion applicatiofsA significant advan-
temperatured.0n the other hand, the multi-wavelength lasertage of QPM is that any interaction within the transparency
has drawn much attention in recent years because of its ap@nNge can be noncritically phase matched at a specific tem-
plications in precise laser spectrum, laser radar, and nonlirRerature, even interactions for which birefringence phase

ear frequency conversion. Up to date, dual-wavelength |a3é_patching is impossible. Another beneﬁt is that the interact-
oscillation has been demonstrated in several crystals includd Waves can be chosen so that coupling occurs through the
ing Nd:YAG®20and Nd:YAP!-13However, because of the largest element of the® tensor. In LN, QPM with all

difficulty of selecting the suitable laser crystal and designingV@ves polarized parallel to theaxis yields a gain enhance-

the cavity mirrors so that the two spectral lines have thdnent over the birefringence phase matched process of

2~ . .
same oscillation thresholddjt is not easy to obtain the in- (2das/ md31)°~20. In our [aboratory, since the first demon-
tration of fabricating OSL LN by the Czochralski method in

frared dual-wavelength oscillation at the same time, let alonfl 16 . L
. : 980,° we have grown various OSL LN crystals with differ-
the visible dual-wavelength laser operation by frequenc ' . X .

g P y req ent dopants and different modulation peridé$®Up to date,

doubllng_. : o . CW, picosecond, and femtosecond visible light QPM SHG
In this letter, we first report on the fabrication of optical . 19-21 . A
were obtained®?*However, if we doped some erbium ions

superlattice Er:LIND@ (OSL ELN) which is able to simul- into the OSL LN, the crystal will combine the nonlinear

taneously generate violet-and-green or blue-and-green IIgrZatptical properties of LN and the spectral properties of'Er
pumped by an infrared diode laser at room temperature b

Pumped by adapt infrared light, the crystal is able to emit the
means of second-harmonic generat{®dG) and upconver- Hmp y P 9t ysial !

. . . upconversion light as well as the second harmonic light at
sion. The absorption and upconversion spectrums were Mefe same time. Since the physical processes of SHG and

sured and the phenomena of dual-wavelength light genergj,.qnyersion are different and SHG has no pumping thresh-
tion were demonstrated. _ , old, the complicated design of the cavity mirrors for obtain-
The optical superlattic¢OSL) is a kind of man-made iy ordinary dual-wavelength output becomes unnecessary.
Thus it will be easier to obtain the visible dual-wavelength
3Electronic mail: yglu@nju.edu.cn laser oscillation at the same time. Obviously, such a novel

0003-6951/98/72(15)/1808/3/$15.00 1808 © 1998 American Institute of Physics
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FIG. 1. Absorption spectrum of 0.5% ¥Er doped optical superlattice FIG. 3. Emission spectrum of upconversion pumped by an 808 nm GaAlAs
LiNbO; measured at 300 K. The corresponding energy levels of major abdiode laser.
sorption peaks were marked in the figure.

crease of the output of the diode laser, the brightness of the
device will have many applications especially in the lasefyyq Jights increased subsequently. When the input infrared
display area. ~ power was 1.0 W, we got 0.8 mW stable violet SHG. The

Our sample for SHG and spectral measurements is fy conversion efficiency0.08% maybe due to several fac-
Czochralski grown 4 mm4 mmx4mm cubic OSL LN ors: for example the period fluctuation, the unpolarized in-
doped with 0.5 mol % EO;. The average modulation period cigent infrared light, the 3rd-order QPM, the absorption of
of the sample is 8.2um just corresponding to the 3rd-order the infrared light, and the uncoated transmitted faces. Among
QPM frequency doubling of 808 nm fundamental light. Theihem we believe that the period fluctuation is the most se-
two a faces of the sample were finely polished for light trans-yere_ |n addition, the designed modulation period was calcu-
mission. _ lated according to the refractive indices of the pure LN, not

Figure 1 shows the absorption spectrum of the OSL ELNhe doped Er:LN. Under the above condition, the fluores-
sample measured at 300 K in the range of 300-1700 nMyence spectrum of upconversion was recorded as displayed
The transmission rates of 808 nm light and 404 nm light arg, Fig. 3. It shows that the OSL ELN really possesses strong
88% and 90%, respectively. The spectrum appears in a sha[pconversion emission, at least for the green light of wave-
linelike structure, indicating that the spectral character Oflength 500-570 nm. There are two twin-peak structures at
Er** ions in LN crystal is different from that of Bf doped  this pand, one at 547 nm due to th8,,—*1 15, transition,
glass fibers, in WhiCh. only some peak envelopes can Pghe other at 523 nm due to tRe1 1,1 155, transition. The
observed" In comparison with the spectra of Er in twin-peak structures of these two spectral lines are perhaps
YAG,**#there are similarities in spectrum structure but dis-contributed by the perturbation of energy levels due to the
similarities in peak positions and peak intensities, indicatingsmga)| difference of crystal fields, since there are two different
the effect of a different crystal field. sites in LN crystal lattice, i.e., the Li site and the Nb site,

The diagram of the experimental setup for SHG and Upyhich can be replaced by Er. In addition to the green light,
conversion measurements is shown in Fig. 2. The output ohe OSL ELN also emitted blue and red fluorescences of
an 808 nm GaAlAs diode laser was collimated and focuseghpconversion excitation. The central peaks are at 460 and
onto thea face of the sample. An infrared-cut filter was put 61 nm which correspond to transitions between the states of
behind the sample to block the transmitted fundamental Iigh469/2_4| 13 and*F g;—*1 1552, respectively. Among the four
and pass the second harmonic light into the powermeter. /beaks, the 547 nm peak is the most intensive one. It is ap-
monochromator at the side of the sample was used to a”aW%ﬁ'oximately six times larger than the 661 nm peak and 20
the spectrum and a photomultiplier was used to receive thgmes larger than the 460 nm peak. That is why only green
emitted light from the slit of the monochromator. _ fluorescence can be observed with the naked eye.

In our experiments, when the 808 nm light injected into  For analyzing the physical process of upconversion, it is
the sample, remarkable green fluorescence light and violg{ecessary to realize the relationship between the pumping
404 nm violet second harmonic light were observed everower and the fluorescence intensity of upconversion. Figure
with an incident power lower than 200 mW. With the in- 4 shows the variation of the 547 nm peak intensity as a

function of the 808 nm laser power. Just as expected, the
|_ =T | fluorescence intensity exhibits a square dependence on the
Monochromator

pumping power indicating that the generation of green light
— is really a two-photon process. The possible detailed transi-
m tion process may be as follows: Pumped by the 808 nm
infrared light, the Et" is excited from the ground state to the
4F 4, State. Since the lifetime is sufficiently long, some of the
ions in the*F g, level may absorb another 808 nm photon to

Photomultiplier

LD Lenses  OSLELN Filter Lens Powermeter populate the higher levéHg,, which relaxes to théS;,
FIG. 2. Experimental setup for measuring the upconversion spectrum angtate, causing It to _em!t the 547 nm green ||gh_t- ObV|0US_|Y:
second harmonic generation in optical superlattice Er:LijbO the above explanation is based on the mechanism of excited-
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display and other areas. Our future work is to increase the
intensity of upconversion by increasing the concentration of
Er*" doping or by YB" co-doping* and enhance the SHG
by using the electric poling tenigtfeto fabricate the OSL
ELN with better periodicity.
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