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We report the demonstration of a compact, all-solid-state polymer laser system featuring a
microchip laser as the pump source. The laser was configured as a surface-emitting,
two-dimensional distributed feedback laser, based on the conjugated polymé2-pmihoxy-5-
(2'-ethylhexyloxy-1,4-phenylene vinylene Pulsed, band-edge lasing was observed at 636 nm
above a threshold pump energy of 4 nJ. The laser exhibited an energy slope efficiency of 6.8%, with
a maximum output energy of 1.12 nJ at a pump energy of 20.4 nJ. The output beam had an
azimuthally polarized annular profile with a beam quality factd@} of 2.2, close to the theoretical

value of the lowest-order Laguerre—Gaussian and Bessel-Gaussian annular modes. We explain the
origin of the azimuthal polarization as due to a coherent combination of the resonant fields
supported by the two gratings. @003 American Institute of Physic$DOI: 10.1063/1.1536249

In the last few years, semiconductifgpnjugatedipoly-  istics of the device, and a detailed analysis of the surface-
mers have emerged as an attractive new gain medium fa@mitted laser mode.
laserd~8 and optical amplifiefsthat are tunable throughout The polymer DFB laser comprised an “egg box” corru-
the visible spectrum. These materials exhibit large fluoresgated silica substrate covered by a thin film of the conjugated
cence quantum efficiencies, and almost no concentratioRolymer poly2-methoxy-5-(2-ethylhexyloxy-1,4-
quenching, allowing them to be used undiluted in the solid®henylene vinylene (MEH-PPV). Corrugations on the 25

state. In such a configuration, the materials are electrolumiX 29%1 mn? substrate were initially defined holographi-

nescent, pointing to the possibility of direct electrical excita-cf"‘"y' in wo perpendicular directions, in a layer of photore-

tion of plastic lasers. The polymers may be readily processea'St'. Su_bsequent_ _chemlcal development and reactive-ion
. . . etching into the silica substrate formed the 2D square array
from solution to form various waveguide resonator

. . . rating structure shown in the atomic force microscope
structures:? They are particularly suited for use in one- graung P

) : . ) o (AFM) image in Fig. 1a). The grating covered 90% of the
dimensional (1D) and t8wo-d|men3|onal(2D) distributed g hstrate, had a period of 409 nm in both directions and a
feedback(DFB) lasers;™® where the high refractive index peak-to-dip height of 100 nm. The corrugations in the struc-

contrast of the polymer—substrate interfacel.9-1.46 can e provided both distributed laser feedback and a surface-
allow strong feedback in very compact resonators.

While there has been a drive to reduce lasing thresholds
to allow the use of simple pump lasers and ultimately elec-

trical excitation, to date all semiconducting polymer lasers (a) ‘g\,‘ﬁ““".
have been pumped, using expensive, large-frame laser sys- R v
tems(including mode-locked Ti:sapphife:* nitrogen-, and QR e o
excimer-pumped dy&;’ and flashlamp-pumped Nd:YAG R . . @—\\_)7
and rub¥ lasers. There have also been little quantitative ‘ .b‘ | - A
data reported on the output powers of these lasers, with very ‘ . ' °
few published values of output slope efficieficy. ——— [0.1um

In this letter, we demonstrate the use of a microchip laser Tum ,
as the pump source for a surface-emitting DFB polymer la- Air
ser, thus forming a compact and convenient, all-solid-state (b) gi':{;f:

laser system with the potential for broad spectral tuning. We
present the output energy, efficiency, and spectral character-

FIG. 1. (a) AFM image (vertical peak-to-dip height 100 nm) of the surface
dAuthor to whom correspondence should be addressed; electronic maibf the silica substrate and chemical structure of MEH-P@yWaveguide
idws@st-and.ac.uk structure of DFB laser.
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FIG. 2. Output energy from polymer laser as a function of pump energy. FIG. 3. Emission spectra normal to the waveguide plane for pump pulse
energies of 3.2dotted ling and 5.1 nJsolid line).

emitted output coupling via second- and first-order Bragg . ) ) ,
scattering, respectively. ciency is approximately twice that reported for a 1D DFB

To complete the optical waveguide, a thin film of MEH- 1aser based on thianthrene--d.iocytyloxy-PEPV.
PPV was spin-coated from soluti¢ mg MEH-PPV in 1 ml The spectral characteristics of the laser, measured along

chlorobenzene: spin speed of 1200 jponto the silica, the waveguide nor_ma_l, are shown in Fig. 3. The_dot_ted curve
forming a polymer layer with an average thickness-df00 represents the emission spectrum when operatlng just below
nm. As a result of the deposition process, the top surface diSer threshold, at a pump energy of 3.2 nJ. This spectrum
the polymer layer was substantially more planar than th&hOws two peaks, separated by a narrow dip at 633 nm. The
silica substrate. The silica—polymer—air struct[feg. 1(b)] ~ diP corresponds to a photonic stopband, resulting from the
formed an asymmetric slab waveguide that supported oniffistributed feedback of waveguide modes by the 2D corru-
the fundamental transverse electric mode within the emissiofiations. Above laser thresholgolid line in Fig. 3 the emis-
band of the polymer. sion spectrum was dominated by a narrow peak at 636 nm,
The polymer laser was mounted in a vacuum chambePf ~1 nm in linewidth. This peak arose on the edge of the
and held under a vacuum of 1Hmbar to isolate it from Photonic stopband, where the density of photon states is
oxygen and water. It was optically pumped by a frequencyhighest. Lasing occurred only on one side of the stopband
doubled, passivelyQ-switched Nd:YVQ microchip laser Pecause of a substantial difference in output coupling losses
(Alphalas GmbH which produced~1 ns pulses at 532 nm ©f the modes at each band eddé The standing wave field
with a repetition rate of 5 kHz. The dimensions of the mi- at the long-wavelength band edge is poorly coupled to radia-
crochip laser were 4040x 60 mn? leading to a very com- tion, and so has a lower lasing threshold than the short-
pact system. The output of the pump laser was attenuatetfavelength edge. The 636-nm wavelength of this laser was
using neutral density filters, and then focused using a 63-mrfletermined by the current choice of DFB period. Using a
focal length, spherical lens to a spot of half-width of 0@  range of DFB gratings, we have previously tuned the lasing
(horizonta) by 80 um (vertica) on the surface of the poly- Wavelength in MEH-PPV through a range of 612 to 632hm.
mer. The pump beam was incident at an angle-80° to the The far-field transverse mode of the laser beam was
waveguide normal; alignment of the pump laser was trivial found to be annular in profile, as is shown in the center of
with side-pumped lasing possible across the full area of th&ig. 4. The mode was generally symmetrical about the two
corrugations. grating axes, although the exact profile of the beam varied
The spectral output from the polymer laser was measlightly as the pump beam was translated across the polymer
sured around normal incidence using a fiber-coupled Cccgser. The four surrounding beam profiles in Fig. 4 show the
spectrometer of-0.7 nm resolution. Output energies from same laser mode when measured through a linear polarizer,
the laser were measured using a calibrated silicon energdligned to pass electric fields parallel to the double-headed
meter for a range of excitation powers. The beam profile an@rrows. The polarized profiles take the shape of a T&M
divergence of the laser output were measured using a CCode that rotates with the direction of the polarizer. It is
beamview analyzefCoherent Ing. clear from this data that the emitted laser beam was azimuth-
When excited above threshold, the polymer laser emitteélly polarized.
a bidirectional output beam along the waveguide normal. The azimuthal polarization may be understood by con-
The output pulse energies emitted into the silica- and airsidering the horizontal and vertical polarized components of
cladding layers were approximately equal. Figure 2 showshe laser modéFig. 4), which are polarized parallel to the
the dependence of the total emitted output energy on thexes of the two gratings in the structure. These two compo-
absorbed pump energy. The laser had an oscillation threshottents resembléalbeit with lower divergendethe polarized,
of 4 nJ, above which the output pulse energy increased lindouble-lobed emission observed from 1D surface-emitting
early. The laser had an energy slope efficiency of 6%  DFB lasersi? This double-lobed emission is a characteristic
comparison, the photoluminescence quantum efficiency obf the antisymmetric band edge mode that is weakly coupled
MEH-PPV studied here was 25% with an output of 1.12 to radiation***?In the 1D DFB laser, the radiation coupling

nJ at 636 nm for a pump energy of 20.4 nJ. This slope effiis weakest in the center of the resonator, where the counter-
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FIG. 5. Horizontal and vertical half-widths of the focused polymer laser
beam. Inset shows the change in beam half-widths of the emitted laser beam

) with propagation distance from the polymer waveguide.
FIG. 4. Central profile: transverse mode of the polymer laser beam. Sur-

rounc_iing prpfiles: transverse laser mode when measured through a "”eﬂssuming that the output beam has a waist located at the
polarizer, aligned parallel to the double-headed arrows. . . .
surface of the laser, the half-width of the beam is given by
. . Wo=M2\/m@. This yields horizontal and vertical half-
propagating band-edge modes have equal ampliti@esl  \igths of 82 and 74sm, respectively, which are similar to
interfere to produce a standing wave with nodes at the peakge dimensions of the pump excitation.
and troughs of the grating. At the edges of the pumped | summary, we have demonstrated a compact solid-state
region, the counter-propagating modes have unequal ampliaser system based on a microchip laser pumped polymer
tudes, reducing the contrast of the interference pattern. Thgser, The laser exhibited a low threshold energy of 4 nJ and
fields in these regions are more efficiently coupled to radiag gjope efficiency of 6.8%. The output beam had an azimuth-
tion, leading to the double-lobed emission pattern. The twoyly polarized annular profile, which we attribute to a coher-
lobes of the emitted mode oscillate in antiphase, whichent combination of the resonant fields supported by the two
means that the electric field pattern has a twofold rotationadatings. The beam had af? of 2.2, close to the theoretical
symmetry. In our bigrating structure, there is one such field;gjye of the lowest-order Laguerre—Gaussian and Bessel—
component for each orthogonal grating; these couple t0Gayssian modes. We conclude that semiconducting polymer
gether with a phase that leads to an azimuthal polarizationgsers are well suited as compact and efficient sources that
We can therefore identify the azimuthally polarized mode agan greatly extend the spectral range of microchip lasers.
due to a coherent combination of the resonant fields sup-
ported by the two gratings. We are grateful to EPSRC for financial support, and
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