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TRANSMISSION- MODULATION OF A SINGLE-MODE PLANAR WAVEGLUIDE
- B¥ BPECTRAL HOLE BURNING

MARCEL TSCHANZ, ALEXANDER REBANE, DANIEL REISS
and URS P. WILD
Swiss Federal Institote of Technology, ETH-Zentrum, Fiirich, Switzettind

M m mvasugate pmmstent spectrnl hol: hu:mug (SHB) in 2 liﬁ—nm-thrck
polymer film doped with chlorin molecules superimposed as a cover layer on a
© commercial single-mide planar glass weveguids. Transmission spectm] holes and
tinee-damain picasecond pulse propagation is studied by excitation via the evanescent
part of the guided TEG-mode at liquid-belivm ternperature. We show that single-mode
waveghide with SHEB cover Iayer can act'as integrated stth-gigatiertz narrow-hand Mier.-

Spectral hole bucning ! is-a versatile tool for high resclution spectroscony 2 with nusweTOus
poteniiat practical applitations in opiical storage nnd-telecommunications technology. The
possibility té charge the optical paramsters of dve medin soch ax absompeion coefficient and
correlated 1o it via dispersion relations index of refraction with sub-gigahertz selectivity i
tye frequency dimension is. very stractive for constructing special photanie deviges like
anrrow-band filters and modulators 2. Most of the studies,an SHB bave been performed in
the situation where the probing light is propagating in thy: SHB-active redia. On the. pber
hand, evaaescant wave excitation or attenuated total reflsction bas been used for optical
inrvestigations of thin Sims on dielectric surfaces:*. In this techhique the total intemal
reflection of a Hght bearn By the imterfacs:to & lower refractive index mediun yields an
exponentially decaying slectrunagnetic wave (evairescant witve) which ponstrafes a ation
distance into the medium wicre the wave itself does not propagate. By eovering 4 planar
waveguide with an sbsorbing material one obtains g contingous jgteraction of the
evanescent wave with. the sample over the whole leagth of the waveguide. An additional
advantage of the waveguide geometry is that it provides a reproducible field distri;aion. of
the tight wave which depends mosily on'the fixed waveguide configuration and not on the
alignment of the beams.
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~ Our maln interest in this paper is to combine the SHB technique with evanescent wave
ahd imégrated optical methods. We invesigsic the opfical and speétroscopic propenties of
a device that consists of a commercial planar singhe-fnode wavegule covered witli a:thin
pelymer film deped with SHB-active chromophare melecules ar liquid-helinm
temperature.

Wt use cummerc:ai single-mode planar plass-weveguides {Artificial Sensing
Irrsﬁumm:s) mnmung of & luwer-refmctlve-mdex substtate glass (ﬂs = 1,52 at 4§33 nm)
covercd with a hmhnr-mﬁ'muw-mdu Tt@z Slﬂg film {thickness dge=160 nm, npvl 3)
which serves is the: lig”lnngmdmg layet: The Waveguide is provided with an'embossed mhef
grating wﬂhafnnxﬁpenﬁﬂ#?-ﬂ nmwhachlq. usad mmupla hght to the.TED mode.

The TiD,-5i0, film is covered with a layer of polyvinylbutyral {n-1.7) doped with
SHB-active chromophores. For this purpose the waveguide is dipped.in a
methylenchloride with dissolved PVB (25 g/1) and chromophore mﬁlccul:cs: The
concemtritien of the chromophore i the sohition i$ about 5: 10~ molfl. Afer evaporstion of
the solvemt we Obisin a'uniform polymer Jayer of thicknaess | —120 zm. The pesetestion
depth AZy o of the guided mode in the cover material is on the order of 160-200 am
depending on the éxact value of ne. _ _

In o SHB-experirients we e chlotin (2,3-dihydroporphyrin molesules whose bubk-
and thick-fim hole-tuirning hiis been studied extensively % The homogeneous Hne witkh
of the By e 8y transitice at 633 nm is Ty, , w160 MHz in PYB 1 2K and the
inhomogensous broatlening i Tpp~8 mn! In bulk polymer samples Debye-Waller: facios
(G ~0-6 for PVB #t T=2K) is logh ehowgl to ba abde to bumn deap holes in the middle. of
the absorption band. The relatively low holo-buming yield &-+0" provents the burned
holes from fast bleaching during readout,

" To porform 'Stirk éxperiments we vapor-deposit iwe CrlliAn-lectrodés on the
waveguide before covering it with the SHB-layer. Thils aloiws us tvapply an extzmat
clectric field in the:y-direction. Pig T shows she schematic of the wavegdide stnacture:
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FIGURE i. Co:ﬁtmction of .tI:u: wavagmde _
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The scheme of the experimental arrangement is shown io Fig, 2. A% 4 light souncs we

use either a syachrenocusly pumped 76 MHz r:penl:mn rate picozecond dye lascr (line
i 048y or 'a €W diode laser (Phifips COL830D) with 110 MHz Biaé width which is
also tonable from 633 10638 . The wavejnifde ts fixed in'a holder and i immersed in
ficarid helium at T=2¥ faside an optical cryostit. T thie sétip thie lasdr bedm is sphit info the
probe heam (FBY and the buriing béah (BB). Thé expaiided Barning beam {lfwminstes thi
wawsgulide in'a neatly perpbndichlar dirsetion; The' peobe bedm i directed through & pair
of diffraction gratings ahd 1% then focussed 10 a-200 4lm spotupod the etbossed grating.

FIGURE 2. Expmmcntal sefup, BS-beamsplitter; Gi,G2-diffraction gratings;BE-
~lonies; WO-waveguide inside the cryeatat; WGawaveguide;

~besm expandér:LL, 13

CR-optical cryostat; PB-probe beam;BB-bumning béenuDE-detoctor;SH1,5H2:,
shutters to open and block the probe and the burning beams; RL-rod lens.
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The optimum incoupling direction of the probe beam varies with the wavelength because
of the angular dispersion of the wavegnide gratl.ng "The dlspe.mon of the external gratings
and the focal lenpth of the focuumg 1éns are chosen to cxactly aompensate for the angular
dispersion of the waveguldn gratmg. sc that nearly cnnstani incoupling efficiency is
maintained during the waveicagth. mnw«xﬂﬁuﬁaem Mnmom:m

The light transm:tt:d- I.hrungh the waveguidg is.coljimated by a rod lens (RL)
positioned next to ﬂ:u: Dl.ltput udgc nf ﬂw wavegmdc inside the cryostat. A Curther lens {L3)
outside of the cryostat focuses the hght ori the der.ecmr As the detector we use
photomultiplier or, for time-resolved measurements, a J&mcnmmnd-m&ulutlm optical
oscilloscope (Hamarmatsu OO0S$-1). - :

In the Erst expcnt e Jnvcsngatc thc po:ss;b:hty to bmn specl.ral hulcs in thl; IZQ-mq
th.lck la}rv.'.;r and probe them via the evapescent wave ghsorptipn of the propagating mode,
Thn waveguide is illumipated first with the dye lager a} 635.1 nm gansverscly (borning
beam) during 16 minutes with an intensity of 2paWem'?, After that the shusier 1 s closed
30 shugisr 2 of the probe heam,is apensd. About.0.5 KW, of the dye Laset probe beam
cquples to the TEQ made. Fig. 3 shows the ransmitted intensity of the guided mode when
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transmission [au]
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FIGURE 3. Spectral transmiimpn of the wavegulde 3olid line-
experimentally measured transmisston after the burming at wavelength 635 am;
clashnd Mum]awd transmlssmn of a bulk sample with O.D.=3. 5

the dyu lnae.r wa'whugth i cununumasly mamndr frnm 613 o 652 nnt Ttu mdth afd:e
mmnmunpeakﬂﬂﬁ:shnﬁmdbﬂyihﬂmwmmofmcdyelasﬁr o
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- The contriit of the Boke xis defimed & the:rgtio’ of the' transmittad idtensity st the
Genter of i Hold 0B imciisity detocted at 8 newrly-wavelstigth Tin this:casb: LA saay);
The colibrdst is'on thelorder of K= 64 and iyl this experiinent Hmited by colloction of
scattered light ﬁ\umthecdggsufth:wngﬁgmdemﬂfmmthelens mthncr_','mtat We can
extrapolate the measurcd transmission cufye with the transm:ssmn a bulk sample i the
range 618 -652 pm (detted line in Fig 3) aq.d estimate the effec:uve evanescent-wave
absorption (the evan:sc:ut wave l:;ﬂntams only ‘HII-ED% of the total intenmjr} to correspond
to optical danm}r 0.D.=3.5. Wﬁ: this estimation a.nﬂﬁsunung no icaubmg the maxipmn

possible coatrast of the w“ﬁgmdt filter is Ky~ 10> A

As the next ;ap W mensure the speciral holes burned '::Ih l:he 110- MH: line width
diode laser. We ﬂ]ummate the waveguide structure in 2 tranwcrst direction at 634.2 rm
with an intensity nf_::]é-_ ;L‘Eiu_i'.-‘c-l:ri2 fqg: 11, p&iﬂut@ e c.nupic ahwt I oW of the probe laser
hghttutlt.TEﬂmudemdscan tlwlmfrcqumymﬂle lﬂGHzra.ngeamundﬁwfurmer
btmuug froguqncy. F‘i;\} sbuws the trananmmm u? r,he wavegmcic mth &w maxjmum at
the original burning frequency. The hole width is M’mnr 570 MH; and after substraction
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c FIGU,RE 4 ngegmde ;pecu*al mgmssiw uftcsr chnsvmc ﬂjuml;pauon
* with' 110-KMHz ihnnmﬁt'h diode lase (black fine). Gray fma . bm:i:munﬂ smnﬁ!
 laval {mmt!y scmuud‘-ﬂght} Toksimod befere: holn-hmg :
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the laser line width we find the koewigessous line width which mpmmu
experimental crror to the value of conventional bulk samples Dyom= 160 MHz at T#3K.

“i g 'the: fusther sXperiment we applied & varisbde voltags tw:the electrodes integraged inta
the' veareguide grotni aihd-theanoed the thamsinitved imemesy at the burning frespanay f
he diode Inset. The elittirodes f3ee Pig.3) Davey the: fosm-of mestallic stripes-of & thickness
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of 200 nm:nned width. of 1.5 mm. The gap.hetvecn she electrodes is: 1.5 mm. The slectric
field is apphied paealie] vo;ithe surfzcs af she wavegnide and is therefore parailel tg. the
Mnﬂlﬂﬂdmm Therosuls s spunmerized-o Fig. 5. We obsorve chat
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EIGUEE 5 T‘rﬂnsmssml} ﬂf the wave 1d|: in dc.pcndn:nnc n:f the applw:]
voltag: mspmuﬂuole“iummmpo ﬂitﬁ?#nmwiﬂ:dwdfwlam

2 Sl el

the transmission of the ‘waveguide decTedses wheh voltage iy applied, which irdicates a
similar b-:hav:br as bulk samples * g!u the maximum apphgd voltage (£1kV) the
trapsmission mthccmtc.rnfth:hnl:dﬁ#msnshy afm’toruflﬁ (thc @ammumtpplwd
elmﬂemlsmmammbemmm%ofmwchﬁ -

Mmﬂt&mm:umugnmﬁ@mhnrmtmrﬂpmnﬁims}? -waveguids o a
short {picosscond) propagating pulse. Weafnntemst&dtoubsewmfﬂwhm:s]mpeufﬂw
transmitted pulé® iy the Thifasteristios of n Hneir'y oty ﬁm' and photachemically
mmimmmapﬁmmmmuwmmmmﬂ As long as the
Mmmmsmhyﬂwm;nﬂ(m:hmgﬁm:bw:pummdmhmdm:wm
d.lspm'm ﬂmmurmﬁr&mmmmﬁxﬁe&mem

[ X

pmpagauonmthmwnuﬂy aspatially-inhomageasous stmoare is oot sirougly, disturbed
by the hole-bumning and we should be able to shape the guided pulses in time domain by

tadloring chesbsorption profile OF the.cover SHE-Inyer in the: sknae manper §8 with;bulk
Eﬂ.[l.'lpiﬂf‘. T R R P IR PP L L S I TR TR L

31/ Tov perform thie axpériment:wea chanpe the actg by ntrodocing-infie buming beam of
the picosssond dye-laser a plane-minior. Fabry-FPesct staloo. The burning light oassistathen
of palse trams with' an ¢xponcitinily decaying intorisity: generated. by saffcctians betweet
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the twi: pialon mircors pisced =19 mm spart. The time modulsiion masns specral
madulatios of the-buming beakn 'with & period Hod which i¢ then stored in the SHE Javer
by transverse illemination with 4 mWem'? during 10 minutes. The read beam consisting of
sikgle pspales (repetition rate of 76 MHz) is coupled 1o the TEO mode and the light
sfahspnitted thricagh the yaveguide is measured with the optical escilloscope. Fig. 6 shows
thi: measnred it rescitved: transmitted intensity where the tansmitied read pulse-at zero

e pa]

. FIGURE 6. Time mspunse uf ;he wavegmdc nfwr :ltumm.aung thn SHB-];a:m

coherent trains of picosecond pulses pissed through & Fabry-Perot etalon (black
linz). Dotted Ime- direct time response of the Fabry-Pecot ealon. |,

dﬁurﬂﬁﬂoﬂdbyhuﬂinf?&&?ﬁpﬂu&ﬂﬂﬂhﬂth@mﬂﬂﬁhumgmnm—
mi@QvaMEMMWameMhMMMMSHB la}'erwhercnnl}r
nfractmn ufmnmmrpmmm memﬁmbmmwgms
sigikificant-that the linexcspectal Klter appruehdalmblngmﬂ'ﬂ still workic in the
pruscntcasé) mmmnumﬂy sphﬁalty m]:mnagﬂwous - :'.' '

Nearby di&lmtmmtm#m #m;,nﬂnam ﬂm invohsrent decsy msz mﬂcally
emtedmu‘.lecuhs 1012 1 seﬁ:s’ Mﬁmﬂnhﬁﬂlmrmm&ﬁummw of
chlorin in BVE we uhs:rw:d that the mﬂlwdqslhat nrl: bxc]hd VJ,g th:qm:sﬂﬁng.wavc
(and which are:therefors close to the polymee-4a-T105-8iCiy-Eltn interface) show on an
average a MM]IMMtMﬂhmlhﬂﬁaﬁmtheMﬂmbm
Calcuhﬁcms hmd nn i nlnss;cal nlmtnc plpalc mudel in thn umimty nf dle.lecmc
mterfm:es can qmumwely expluned lh#obm*mi effbﬂ af, i:hming spmmcnus
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.~In gonchusion, the aesnlix presented aboye indicats thit cilorio in-x sub-wavelength-
thrickness ftlm superimposed on planar: glixs waveguide has comparsbie hole-bunsiag
charactristics to-thit in & bulk smmple; Under curssot eocperinental conditions. the 1apersd
structare:atd fhe tearby dietectric interfpons appear to hawe ttthe influence onse
paramaters such ax eontrast, width end seabrility in time of the speciral aoles. The SHE-
waveguide can-be regarded ax-a mitiatzire seb-gigaberiz spectrat filter which cam ba
combined with other wave-guiding optical devices, The transmission of the filter in
frequency domain and in time domain can be programmed by illumination with an external
light sourge and. the transmigsion can be modified by applying a w.:nitm to the electrodes
mtegratad mmcl]y in the waveguide structure. It should be roted that i in our experiments
the read beam causcs SHB bleaching (pro?wuwll té the amoupt Oﬂlght absorbed by
chiorin moleculerﬂ which gradl:ﬂlj’ murmtes thie holes. With the actual configuration
shout ten reading éydw ﬂrtady rﬂ&uct the contrast of ﬁshdq& For potential practical
applications it is deslrabﬁ bo use phﬂtou—gated SHB which w:]j allow non-destctive
operation. In variou# 'ﬁfﬂ\'ﬂlcﬂgl'hvdl\’i!lﬂﬂ muluplexlag telecommunication applications

ttwm@yprcfmadnp:mhngwnwlcngthls 1.3and 1. Sg.lm. It:smpm‘tantfmthaﬁlmm
tnchmlogy Lumgud, SH'E igto ﬂﬂs wavehngth rug,inn " '
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