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Single polarized Tm 3* laser in Zn-diffused LINbO 5 channel waveguides
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In this work, laser operation at 1.76m in Tm**:LiNbO; Zn-diffused channel waveguides is
reported. The laser emission is single polarized with the electric field parallel to the optic axis
(7r-polarization and operates in continuous-wave regime, at room temperature. The threshold of
laser oscillation is in the range of 40 mW, the slope efficiency is around 1%, and both magnitudes
are dependent on the channel width, in accordance with the mode overlap between the pump and
signal modes within the waveguides. 2005 American Institute of Physics
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Tm3*-activated materials have been extensively investito the channel waveguides. M-line spectroscopic measure-
gated in the last years due to their broad infrared luminesments performed in this planar waveguide, at 632.8 nm
cence emissions, from 1400 nm up to 2100 (amsociated (He—Ne laser; showed that the waveguide supports three
with *H,— °F, and®F,— ®H, transitiong, with potential in- modes for transverse magnetigdTM) propagation
terest in fields, such &&band optical amplification, surgery, (n—polarized modeswhile only two modes, one of them
and remote sensinig> When rare-earth ions are incorporated close to cutoff, were found for transverse elect(iEE)
into LiINbOj, it is possible to combine the optical character- propagation(n,—polarized modes This situation is consis-
istics of the rare-earth ions with the electro-optic, acoustotent with the existence of Gaussian index profiles for both
optic, and nonlinear properties of LiNg(together with the ~ refractive indices, with a depth of 6/&m, being the maxi-
availability of well-developed techniques to fabricate low- mum index change of around 0.18% and 0.10%,rfoand
loss channel waveguidé®**Laser action of thulium-doped N, polarization, respectively. According with these profiles,
lithium niobate was first demonstrated in bulk matéraid  the waveguides are monomode both at the pump and laser
then in a guiding configuration using Ti-indiffused channelwavelengths(795 nm, ordinary propagation, and 1.zén,
waveguides. The observed stimulated emission was associ€xtraordinary propagation, respectively
ated with the’F ,— *H, transition of Tni* ions, occurring at A partial energy level diagram of Tfhions in LINbO,
\;=1.85um in bulk, and simultaneously at;=1.85um is sketched in Fig. 1. The excitation of Pfions can be
and\,=1.81um in the waveguide configuration. These two €fficiently performed by pumping in the dominant absorption
emissions correspond to Fiitransitions which are predomi- band® (*Hg—*H, transition. From the®H, manifold Tn#*
nantly o-polarized'® ions may relax by radiative transitions, giving fluorescence at

In this work, we reportr-polarized laser oscillation of around 0.8um and 1.45um (°H,— °Hg and®H,— °F, tran-
Tm3+ ionS, in Zn-diffused channel Waveguidesy operating inSItlonS, reSpeCUVel’yor by nonradlaUVe connection to the
a slightly shorter-wavelength region, 1.7én, also corre- lower lying manifold (°Hs) and then to theF, upper laser
sponding to théF,—*H, Tm®* transition. Laser oscillation level.
is sustained in continuous-wave regime, at room tempera-
ture, without signs of photorefractive damage even in this
m-polarized laser emissioflectric field parallel to the optic
axis), in accordance with previous reports of the high resis-
tance to optical damage of Zn-diffused waveguides.

Tm3*-doped LiNbQ crystal has been grown by the Czo-
chralski method. The content of Fiin the initial melt was
2.0 mol %. The boule was oriented by Laue x-ray diffraction
and then, slices perpendicularly to thexis (z-cut samples
were cut and polished to optical quality. Zn diffusion has
been used to fabricate the optical waveguides. Using this
method, channel waveguides—having optical losses in the
range of 0.3 dB/cnfat A=1.55 um)—are fabricated®*’ In
the present work, the ion exchange was carried out at 550 °C
for 2 h, and then the sample was annealed at 850 °C for 4 h.
During the ion exchange step, both sample surfaces are im- 0-
mersed in the Zn atmosphere and, therefore, a planar wave- Tm3*

guide is simultaneously formed at the wafer surface opposite

FIG. 1. Partial energy level diagram of Piions indicating the main emis-
sions observed after pumpingxf=795 nm. Straight arrows indicate radia-
dElectronic mail: eugenio.cantelar@uam.es tive transitions while wavy arrows represent nonradiative transitions.
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FIG. 3. Output efficiency curves measured in A% and 20um width

FIG. 2. Room-temperature-polarized emission spectra associated to the channel waveguide®pen and full circles, respectively

°F,—3H; Tm®* transition measured in different experimental conditions:
Bulk or low pump power waveguide emissidfull circles), waveguide
emission at high pumping leve(spen circle§ and waveguide laser emis-
sion (continuous ling

A high reflector (T=92% @ 795 nmR=99% @ 1.6um
<A <2.0 um) was attached to the entrance endface, while a
partially reflective output couplefR=99.8% @ 795 nmR
Optical excitation of the channel waveguidéss mm = 95% @1.6um<A<2.0 um) was used at the other end.
length was performed by end-fired coupling a Ti:Sapphire Under these experimental conditions, laser emission centered
laser, operating at 795 nm, by using a microscope objectivédt 1762.6 nm with a full width at half maximum around
The geometry of the experiment was adopted to launch TB-0 nm is detectedcontinuous line in Fig. 2 This lasing
propagating modes into the channel waveguides, in order tyavelength is slightly shorter than that reporttlaczj in previous
match the electric-field orientation suitable for Thexcita- ~ LINDOs: Tm*" lasers(x=1.81um and 1.85um).” _
tion, according to the dominant polarization character of the  Figure 3 shows the output efficiency curves measured in
3H,— 3H, transition. The luminescence from the waveguidel0 um and 20um width channel waveguides. The power of
was collected at the opposite end with a second microscog® Pump and signal beams were measured by using a Thor-
objective and then dispersed by using an ARC monochrolabs power meter. As it can be observed, the launched pump

mator (SpectraPro-500i The luminescence was detected POWer required for reaching threshold was 37 mW and
with a cooled InAs detector. 43 mw for the 10um and 20um width channel

The m-polarized emission spectrum associated with thevaveguides, respectively, while the slope efficiency was es-
3F,—3H, Tm®* transition, recorded under different experi- timated to be between 0.7% and 1.0%, similar to those val-
mental conditions, is presented in Fig. 2. Full circles repreY€s reported for Ti-indiffused Tih waveguide Iase_t’s.‘l’ht_e
sent the emission from the waveguide at low pump powerncrease opserved in the thresholld ofllaser opergtlon with the
which is coincident with that observed for bulk channel width can be related with differences in the mode
LiNbO5: Tm3*. Open circles correspond to the waveguideove”ap between pump and signal'modes in the waveguides.
emission at higher pumping levels. As it can be seen, thd Ne threshold powe(Py,) for a quasi-three-level laser can be
feedback provided by Fresnel reflections at the endfaces @XPressed as.
high enough to produce detectable amplified spontaneous hyg(Li + T+ 2N‘1’g€) Vit
emission, giving rise to distortions in the luminescence spec- Pn= 2 (f,+1,) RE
trum. Nevertheless, it was impossible to attain laser oscilla- Moa\11 T 12/t
tion with the feedback provided only by Fresnel reflectionswhere hv, represents the pump photon energy, is the
(R=14%). Lasing was achieved by forming a laser cavity: pump quantum efficiencyy, is the absorption efficiency for

1)

Waveguide width: 10 pm 20 pm

FIG. 4. Calculated modal intensity distributions at
_TMu pump (TEq o) and signal wavelength6TM, ) in the
A,=1762.6 nm 10 um and 20um width channel waveguides. The dia-
gram in the lower part of the figure indicates the coor-
dinate reference system.
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pump power,f; and f, are the fractional population in the of the highest nonlinear coefficiefitl;s) of the Crystalz.l’22
lower and upper laser Stark components, respectivelly  Let us finally indicate that the temperatures needed to carry
the gain cross sectiorr is the lifetime of the upper mani- out zn diffusion are sufficiently low to preserve domain
fold, L; are the intrinsic cavity losses,is the transmission of = structures already present in the wafémshich can then be
the output couplerN{ the unpumped population inversion previously defined, by a variety of different techniques, in-

density,| is the length of the waveguide, is the effective  creasing the versatility of the fabrication procedure.
refractive index, andVg; symbolizes the effective mode
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