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Subpicosecond pulses from a gain-switched polymer distributed
feedback laser
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The emission dynamics of polymer distributed feedback lasers have been studied following
excitation by femtosecond laser pulses. The lasers were found to generate pulses as short as 800 fs.
The dynamics were investigated as a function of pump power and excitation spot size. Simple rate
equations modeling the amplification of spontaneous emission are shown to describe the behavior of
the lasing dynamics observed. ZD04 American Institute of PhysiddOIl: 10.1063/1.1767952

In recent years, the use of conjugated polymers as gaiwere used to capture, collimate, and focus the emission from
media in lasers and optical amplifiers has been demonstratethe DFB laser into the spectrograph. The temporal response
Their large gain cross sections available over a wide spectralf the streak camera to the 100 fs excitation pulses was mea-
range, means that they are promising materials for optoelesured to determine the time resolution of the instrument. All
tronic applications such as broadband amplifiers and tunableulse lengths are quoted as the FWHM of the pulse dynam-
lasers'™ Their ease of processing compared with inorganidcs. Laser linewidths are limited by the resolution of the
material§ means they are a simpler, and potentially inexpen-spectrograph.
sive technology. To date, the main focus of research has been Figure 2 shows the spectral and temporal evolution of
on the reduction of the lasing threshold via improved matethe emission from the polymer DFB laser for spot sizes of
rials and laser configurations. A reduction in the thresholc#00 and 60Qum diameter(1/e* measuremenjsto illustrate
could help lead to the fabrication of electrically driven or- the typical behavior observed. Figureag illustrates the
ganic diode lasers. While amplified spontaneous emissiofMmission spectrum for the 4Q0m excitation spot. For low
(ASE) and |asing has been demonstrated in a Variety of res(ﬁX(-:ita.ti(:)n densities the emiS-Sion |S centered at 620 nm, with
nator configuration§;® the temporal dynamics of these opti- & linewidth of ~10 nm, and is attributed to Bragg scattered
cally pumped lasers have not been studied in-depth. The dy?SE-~ At an excitation density of-2.8 p.J cm _gwh|ch cor-
namics of these devices could be particularly interesting'®SPONds to an exciton density of qrdeﬁ‘lﬁm ) a feature.
since conjugated polymers exhibit large emission band@PP€ars on the spontaneous emission background. This is the
widths, leading to their possible use as tunable ultrafast ligh@Sing threshold and as the excitation intensity is increased
sources. Recently, picosecond ASE pulses have be ove this level the emission narrows to a laser peak with a

observed' ' In this letter, we report the study of the tempo- central wavelength of 620 nm and a linewidth of 1.5 nm

ral dynamics and the generation of subpicosecond pulse@zWHM)j i i )

from a surface-emitting polymer distributed feedb&biB) In Fig. 2b) the corresponding time dynamics of these

laser. We present spectral and temporal characteristics of tﬁwlses are sh_own, V.V'th measurements taken using the short-

emission and rate equations describing the laser dynamicseSt pos_5|ble time window (.)f 2.0 ps on the streak camera. A
The polymer DFB laser consisted of a two-dimensionallonger'l'ved fluorescence lifetime for MEH-PPV of 180 ps

“egg box” corrugated silica substrate with a grating of periodwas observed with a longer time window but is not shown

. - . . ere, this is consistent with other measurements of films of
118(9) gm n ?_?ltlz d'r?i?r:;(;ns z?)r;d apg@?ﬁggﬁgzyge(gr_“ 0f{\]/IEH-PPV.lz Below threshold (2.1 xJ cni?), the pulse

ethylhexyloxy-1,4-phenylene vinylerie (MEH-PPV) length (FWHM) is broad with a fast decay component of

(thickness~120 nm were spin coated onto these substrates.z'5 ps and a slow decay component of 8 ps. As the excitation

The dynamics of the polymer DFB laser were investigated a‘lsntensity is increased above the lasing threshold the slower
a function of both pump intensity and excitation spot size
(120, 400, and 60@m diametey. The experimental setup is 5_\_\
shown in Fig. 1. The polymer laser was placed in a vacuum S
chamber and held under a vacuum of 3Lthbar to prevent Streak Camera +Q—\\-h
contact with water and oxygen. Optical excitation with ] )
100 fs pulses at 510 nm with a repetition rate of 5 kHz was

provided by an optical parametric amplifier pumped by a Spectrograph
regenerative amplifier. This excitation could be focused by a
lens to different spot sizes. An imaging spectrograph with a
streak camergHamamatsydetector was used to character-
ize the emission from the polymer DFB laser. Two lenses

510 nm @ 5 kHz

FIG. 1. Experimental setup for investigating the DFB laser emission and the

Yauthor to whom correspondence should be addressed; electronic maifhemical structure of MEH-PPV.
idws@st-and.ac.uk
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FIG. 2. Spectral and temporal dynamics for excitation spot sizes ofu#0@a), (b) and 600m (c),(d). Spectra in(a) and(c) are offset for clarity, pulse
dynamics are normalized.

decay component disappears and the pulse length shorteos 750 fs. The shortest pulse from the 6Qfh excitation

towards the response of the streak cam@ed fs, FWHM), spot was~1.4 ps.

with a shortest pulse of 850 fs observed for an excitation  Our results show a clear lasing threshold, above which

density of 4.9uJ cni?. both the spectral and temporal kinetics change. This thresh-
Figures 2c) and 2d), illustrate the spectral and temporal old was found to be-2.7 uJ cni? and independent of pump

kinetics for the 60Qum excitation spot. In Fig. @) the  spot size. Below threshold, the ASE dynamics are faster than

Bragg scattered ASE background is seen at low excitatiothe spontaneous emission lifetime-e1.80 ps. Taking 800 fs

densities. A laser peak emerges from this at a pump intensitgs an upper limit on the pulsewidth gives an upper limit on

of 2.7 uJ cmi2 Increasing the excitation density further the time-bandwidth product oA7Av=0.7, or ~1.5 times

above this threshold, narrows the laser emission to a peak &ansform limited. We note that the 6Qn spot size pro-

a wavelength of 611 nm with a linewidth of 1.5 nm duced longer pulses than the two other smaller excitation

(FWHM). The differences in wavelength of the emission inspots. This effect may be related to the fact that the 660

Figs. 2a) and Zc) are due to slightly different film thick- excitation region is much larger than the estimated scattering

nesses used for the two sets of measurements. Figdye 2 length of the feedback~200-300um), which could result

shows the time evolution of the laser pulses. At a low exci-in reduced temporal coherence of the emitted light.

tation density(1.5 uJ cni?) there is a fast component of

2 ps and a slow component of 15 ps. The slow component

disappears as the excitation density is increased above the 1001 . 6Mcm2.2-120pm
72 = ; A 4.9 wem? - 400um

threshold of 2.7uJ cni< and the shortest pulses observed ] A 3.6 pJom? - 600um
are at 3.6uJ cni?, with a pulse length of 1.4 ps. After the S o5 ---- Response .
pulselength narrows towards the response of the detector, 5
higher excitation densities produce broader pul&ps for ;]
5.6 uJ cni?). This broadening of pulses at higher excitation T %
densities was observed for all spot sizes. §

Figure 3 shows the shortest pulses observed for the dif- % 0251
ferent excitation spot sizes. The shortest pulses observed
were 800 fs(120 um spoy and 850 fs(400 um spoy, each 0.00

observed at about twice the intensity of the laser threshold. 05 00 05 10 15 20 25 30 35
These shortest pulses are close in duration to the response
time of the system and deconvolution of the signals shows

that the pulse length is shorter than the instrument response FIG. 3. Shortest pulses from different excitation spot sizes.
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In order to model the lasing dynamics of the gain- 1.2x10"84 . o s
switched DFB laser we used simple rate equatisirsilar to (i A Torr 210 fem
those described in Ref. 13or the upper state population &~ 1.0x10%- . 10 em
densityN(t) and photon densit(t) within the laser. 5 o CoN Sx10°7 cm

< 8.0x10"74 Y
dN N(t) 2 PN
a == S(t)vgr[a'seN(t) — Qaps] — Ey (1) g.\ 6.0x10"7 .-' ‘\‘
§ P
S 4.0x10'7+ N
ds st £ PN
o = SOTValosdN(®) - aged -~ 2) * . :
t Tph 2.0x10"7 - )
The dynamics of the upper state populatitd(t) [Eg. (1] 0.0 '
includes only terms describing the stimulated emission rate ] 1 2 3 4 5
and the spontaneous exciton decay. The 100 fs excitation Time (ps)

pulse is assumed to produce an instantaneous population in-

version(gain-switched operationV,, is the group velocity : . - o .

of light in the waveguide, taken to be2x 100 cm s, ap E,'(ﬁ) e (T,)h oty Lfr:f)at,s(ﬁ I Eioi?aiﬂiit};ézr(i'i?;“g | Popylation inversions

the absorption loss measured as 20tand 7, is the ex-

citon decay time constant of 180 ps. The initial population |, conclusion, we have demonstrated that subpicosecond

density[N(0)] values were calculated from the energy of thepulses can be generated by a gain-switched MEH-PPV dis-

excitation pulses and the initial photon densB0) was  {ripyted feedback laser. These results can be explained by the

taken to be 0.001% of this value, to approximately represengrowth of amplified spontaneous emission as shown by

the number of photons spontaneously emitted into the las&fimple rate equations.

mode within the duration of the pump pulse. The pulse

buildup time varied slightly for different values &0) but The authors would like to thank Covion for providing

the calculated pulse widths varied by less than 5% over MEH-PPV and Professor W.L. Barnes and Dr. P. Andrew, at

change of six orders of magnitude for the initial photon den-Exeter University, for fabricating the 2D DFB substrate. We
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The dynamics of the photon densitigq. (2)] includes  Centrg and the Royal Society for financial support.
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