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We report lasing studies of pdktyrene waveguides doped with amino- and cyano-substituted
oligo phenylene vinylenéistyryl benzengmodel compounds under picosecond excitation. Optical
feedback is provided by distributed Bragg gratings formed in the film by interference patterns in the
pump beam. We demonstrate broad tunability of laser emission in these materials and simultaneous
lasing at two wavelengths separated by 23 nm. Tuning ranges of the model compounds are
compared with previous experiments. ZDO0 American Institute of Physics.

[S0003-695(100)00116-9

We report optically induced distributed feedba@FB)  The two resulting beams are directed to the film by two
laser action studies involving two distyryl benzene deriva-corotating mirrorsvi; andM,. The wavelength of the DFB
tives: 1,4-bis4-diphenylamino-styrytbenzene and 1,4-bis- laser emission will be near the wavelengkh,, correspond-
(B-cyanostyry)-2,5-dimethoxybenzene. These compoundsng to the grating period formed by the pump beams given
serve as low molecular weight model compounds forby®
phenylamino-PPV and cyano-PBVespectively. In keeping
with recent publications involving the same materials we re- N\p 21N
fer to the compounds as SP35 and G33, respectively. Table | M.~ os = By 1)

. . . . . 0

lists the optical properties of these two compounds in solid

poly(styreng Wav_egUldes. F_Iuorescence half-vx_ndths ar'éO . where\p is the pump wavelength is the refractive index

nm for both species. Chemical structures are included in Fig, . Co )
. . . . of the film at the emission wavelength , 6 is the angle of

1. Synthesis of the compounds is described byrhdl . . .

2h . : incidence of the pump beams at the sample, ani$ the
et al“~" Optical gain spectra for the compounds in fety-

. . diffraction order. This implies a spatial periodicity af/ 8
sethal® . 0
r_ene waveguides are r_ep(_)rted by Kret | from ampll_ for the grating structure, and the Bragg condition is satisfied
fied spontaneous emissiofASE) measurements. Lasing

- ) . . for wavelengths with propagation constants closegtp
chgragtenshcs of $P35 n toluene so'lut|ons, and St',mUIateR;odulation depths for refractive index and gain modulations
emission and excited triplet absorption cross sections fog1

G33 4 bv H i 2157 The hiah f re expected to ban~10* and Ag~10 cm !, respec-
are reported by Henagx al. e high Tluorescence tively. For the studies reported here, we use the second order

guantum yields.¢;, and large optical gains bode well for diffraction, m=2, corresponding to angles ne@s35° for

use of these compounds in laser devices and or amplifiers.q icsion at\, =500 nm, withn=1.6. The light emitted
Kogelnik and Sharfkfirst demonstrated the DFB dye gom the sample is collected by &m=50 mm lens and fo-

laser in a dye doped gelatin film with a photobleached graty;sed onto an optical fiber bundleore diameter: 0.6 mjmn

ing. Kogelnik and Shank’s theoretical treatment of DFB la-

SEers U.Smg COl.Jp|ed wave thearghowed that_ optical feed-. TABLE |. Optical properties and lasing characteristics of the model com-

back is obtained from a pump beam induced Spatlal)ounds under study in solid pdgbtyrene films. Optical gain(ASE) mea-

modulation of both gain and refractive index. surements are described in Ref. 5. Solution lasing measurements are de-
Figure 1 shows the experimental setdpThe pump  scribed in Ref. 6.

source is a frequency tripled Nd—YAG laser delivering 33 ps

. . | SP35 G33
pulses at\ p=355 nm with a 5 Hzrepetition rate. A cylin-
drical lens is used before the beam splitter in order to enableAbsorption ya, (nm) 390 410
efficient pumping over a narrow stripe on the sample. The FU0TESCENCa ay (NM) 470, 490 505
ize of the beam on the film is<2.0™2 cn? resulting in Fluorescence yield, 085 005
spot size 0 . . on 9 DFB Iasing\ nay (NM) 483 525
a maximum pump intensity of 410° Wcm 2, DFB tuning range(nm) 475-490 510-535
The pump beam is split by the two prisrRs and P,. Soln. lasing tuning rangem) 473-492
ASE \ pax (NM) 487 510
ASE spectral rangéenm) 477-501 503-530
dNow at CEA Saclay; electronic mail: Kevin.Kretsch@cea.fr
0003-6951/2000/76(16)/2149/3/$17.00 2149 © 2000 American Institute of Physics
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FIG. 1. Schematic diagram of the experimental setup for DFB lasing, form-
ing the grating in the film by means of interference in the pump beams. The

Wavelength (nm)
chemical structures of the compounds under study are included.

FIG. 2. Laser emission spectra for p@iyrene waveguides doped with

. . SP35(a) and G33(b), demonstrating tuning of the emission wavelength by
coupled to a CCD spectrometer with 0.15 nm resolution changing the angle of incidence, of the pump beams on the sample.

Once laser action is obtained, the emission spectra are moni-
tore_?haestifmcggggaeri. produced by spin coating frartho- lasing at 509 nm. Ovying to the different propagation con-

. o . stants of the waveguide modes, the modes can only satisfy
xylene solution onto silicon wafers with a 1/m thermal he Braaa condition at different wavelenafisThe effective
oxide overlayer, producing palstyreneg optical waveguides t ed .gé; ftheith ord id dg de is related
containing 1.3 wt% of the model compounds. Waveguidemo en eXNeﬁJ' ofthejt or_ er guided mode IS T at_e 0

S . ! : . the propagation constant I8 =27 N /\. The DFB lasing
characterization was determined using prism coupfime- ! i) .
periments. The G33/PS film thickness is 049, supporting Wa\(/jele.ng.ths{Eq. (1)] are expressed in terms of the effective
three guided modes¢Ref. 19. TE,, TMy, and TE. The Mode indices using
SP35/PS film thickness is 0.6am, supporting Tk and NpNeft |
TMy. The SP35 film can support Tbut this mode is eva- M=
nescent into the substrate, and is absorbed by the silicon _ )
wafer. Waveguide propagation losses\at 632.8ynm are and hence the lower order guided modegherNy) lase at
approximately 2.5 dB ciit, and no higher than 4 dBcnhat e longer wavelengths. _

A=514.5 nm, indicating small ground state reabsorption Ba:?‘ed on the expected_ modulation depths and the
losses in the fluorescence regfn. Kogelnik :_:md Shanks theoretical treatm%r(s)ttopbands for
Figure 2 shows the emission spectra obtained for th%hese devices are expected to be smalll(*® Hz) and the
doped polystyreng waveguides at the maximum incident road ASE background IS not suppressed by the grating. Al
pump intensity of 4 10 Wem 2 (1.3x 1072 Jcm 2 at 33 non.IaS|ng gwdeq modes s.tlll propagate and can compete for
ps pulse duration We estimate that 30% of the 355 nm excited states with the lasing mdde As the molecular re-
pump pulse is absorbed by the samples. Table | includes the
characteristics derived from these measurements. Clearly 6000
evident are strong laser emission peaks, typically of full
width at half maximum(FWHM)=0.6 nm, and a prominent
broad spectral background, FWHMOnm, attributed to
fluorescence narrowing via amplified spontaneous emission.
The samples exhibit a single laser emission maximum, at
A max=483 nm for SP35 doped sample axng,,=525 nm for
the G33 doped sample. Laser emission was readily tuned L
between 475 and 490 nm for SP35 doped films and 510-535 0 ' ' '
nm for G33 doped films. This broad tuning of the G33 doped 500 510 520 530 540
film is well evidenced in Fig. 3, showing two simultaneous Wavelength (nm)
laser emission peaks with 23 nm separation for a G33 dope
waveguide. We attribute these lasing peaks to the two Té
modes of the waveguide, FHasing at 532 nm and TE

" msing )

4000

2000

Intensity (au)

G. 3. Emission spectrum of G33 doped pslyreng waveguide, display-
g two strong laser emission peaks, 532 and 509 nm, attributed j@aidE
TE, guided modes, respectively.
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orientation time is much longer than the stimulated emissiomwith amino-(SP35 and cyano{G33) substituted phenylene
timescale, only TE polarized emission can occur for transvinylene model compounds. Comparison of the tuning range
versely pumped films and no TM mode emission is ob-with solution lasing measurements and optical gain spectra
served. Lasing efficiencies were not determined for thesshows a good agreement for SP35 doped samples.
devices.

The SP35/PS waveguide tuning range is in excellent This work is funded by_ Eurqpean Union ESPRIT Project
agreement with the toluene solution tuning range reported b!0- 28580, LUPQ(full project title: “A novel approach to
Henariet al,® and with the positive limits of the optical gain 5olid state short wavelength laser generation using Lumines-
spectum(477—501 nry, determined in Ref. 5 from ASE cent Polymers). K.P.K. wishes to thank all at CEA Saclay

spectra. The DFB measurements display a small redshifpr their assistance and hospitality during these measure-

with respect to the ASE measurements. Bearing in mind thaf"€"ts-

the ASE measurement produces higher uncertainties for

smal! optical gams, the DFB and ASE measurem(_ants araH_ Tillmann and H.-H. Hehold, Synth. Met101, 138 (1999.
C0n3|3t?r_]t- This suppor.ts the use of t.he ASE experiment irey. Rost, A. Teuschel, S. Pfeiffer, and H. H. #old, Synth. Met84, 269
determining the potential of a material for use as a laser (1997. )

medium. The G33/PS tuning range shows a distinct redshift gi:ré‘?,'f?é’ ;é;‘('-l;g“g‘o'd' H. Boerner, N. Nikol, and W. Busselt, Proc.
relative to t_he ASE _me_asuremen,ts in Ref. 5, as indicated In‘E. Birckner, U.-W. Grummt, H. Rost, S. Pfeiffer, H. Tillmann, and H.-H.
Table I. This redshift is unexplained, as the samples were Hgrhold, J. Fluorescs, 73 (1998.

fabricated from the same batches of materials under identicalK. P. Kretsch, C. Belton, S. Lipson, W. J. Blau, F. Z. Henari, S. Pfeiffer,

conditions for both measurements. 6H. TiIImann_, and H.-H. Hchold, J. Appl. Phys86, 6155(_1999.
. . . F. Z. Henari, K. P. Kretsch, W. J. Blau, H. Rost, S. Pfeiffer, A. Teuschel,
Lasing thresholds for the DFB devices are at pump in- y Tjimann, and H.-H. Hehold, Photonics Sci. News, 5 (1998

tensities of 10’ and 9x10" Wcm 2 for the SP35 and 7. 7. Henari, H. Manaa, K. P. Kretsch, W. J. Blau, H. Rost, S. Pfeiffer, A.
G33 doped samples, respectively. We note that these threshTeuschel, H. Tillmann, and H.-H. Hbold, Chem. Phys. Let807, 163
; . ; ; o (1999.
old Intensities are two ord.ers of magthde hlgher thap Ns). Kogelnik and C. V. Shank, Appl. Phys. Left8, 152 (1971.
tensities reqwred_ for maximum single pass optical gain insy kogelnik and C. V. Shank, J. Appl. Phy3, 2327 (1972.
the same materials determined from ASE measurement8G. M. Gale, P. Ranson, and M. Denariez-Roberge, Appl. Phys. B: Photo-
(Ref. 5. Despite the reduced efficiency of second order dif-nphysl- Liser dChem44, 221(19:87)- (1979
; ; R. Ulrich and R. Torge, Appl. Optl2, 2901(1973.
fraction, these. large values are yet to be fully expla_ungd. 2. Yariv, Quantum Electronics3rd ed.(Wiley, New York, 1989.
In conclusion, we have demonstrated tunable distributeds; . Nunzi, F. Sobel, D. Gindre, B. Sahraoui, C. Denis, V. Dumarcher,

feedback laser action in pdbktyrene waveguides doped  C. Fiorini, B. Paci, and L. Rocha, Proc. SP3296 (1999.
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