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Two photon absorption of di-alkyl-amino-nitro-stilbene side chain polymer
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Florida 32826

W. H. G. Horsthuis and G. R. Mohlmann
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(Received 13 June 1994; accepted for publication 20 Septembej 1994

The two photon absorption spectrum has been measured in the 780-1600 nm range for a
di-alkyl-amino-nitro-stilbene side-chain polymer. A single two photon peak centered at 920 nm is
observed with a peak two photon coefficient of 5.5 cm/GW. Bleaching via two photon absorption at
this wavelength is investigated by measuring a refractive index change after an intensive
exposure. ©1994 American Institute of Physics.

Charge transfer molecules with large second order nonFor example, we found no dependence of the data on the
linearities are being used for poled polymer electro-opticnumber of pulses used. We also varied the pulse energy for
applications: These molecules usually have a very strongthe Z-scan measurement and found the TPA coefficient de-
one-photon absorption band associated with a charge transfgiiced to be independent of pulse energy within our experi-
state, with a linear absorption peaked\at, in the 350-600 mental uncertainty. Typical intensity dependence is shown in

nm range. When illuminated at a wavelength clos& o, &  Fig. 2(a). These results indicate that the multiphoton effects
trans—cis isomerization can occur reducing not only the lin- yresent are only due to TPA.

ear qbsor.ption and refractive index bl_Jt aI;o the second order The measured dispersion of the TPA coefficient
nonlmearlty. In fact t.hIS photobleaghmg is frequerjtly used(Aa:azh wherel is the local intensity over the primary
for patterning in particular waveguide structufeBypically
these polymers are used for applications at wavelengths far
from A, and photobleaching with one photon processes is
not normally expected. However, TRAwo photon absorp-
tion) processes can also lead to photobleaching, the amount Laser system
of photobleaching depending on the strength of the TPA co-
efficient at the device operating wavelengthTPA informa-
tion of DANS (di-alkyl-amino-nitro-stilbeng molecules, in- Detector BOXCAR and PC
tensively developed for electro-optic applications in the form (reference) D2
of side-chain polymers, to the best of our knowledge, is [ —» T=DuD2
missing in the literaturé.In this letter we report measure- Lens l ?Dl
ments of the TPA coefficient in a DANS side-chain polymer Detector
over a large wavelength range spanning possible device ap- (signal)
plication spectral windows from 780 to 1600 nm.

Open apertureZ-scan measurements have been per-
formed on device grade thick solid films of DANS side-chain 8 . . l
polymer. The DANS samples contained approximately 50%
DANS molecules by volume. 30@m thick samples were
prepared by solution casting. Three different laser systems
were used in the measurements. The complete experimental
layout is shown in Fig. 1. A 76 MHz Kerr lens mode-locked
Ti:sapphire laser with 3 ps pulses was used to cover the
range from 780 to 965 nm. To avoid damage or flux-
dependent effects an acousto-optic modulator combined with
an aperture allowed trains of 75—-150 pulses to reach the 60 > e o o8
sample at a 10 Hz repetion rate. A 10 Hz, 35 ps Nd:YAG z(mm)
laser was used to gather data at 1064 nm. Finally we used 65
ps pulses from a Nd:YLF pumped OPG&®ptical Para-
metric Generator and Amplifieisystem operating at 10 Hz FIG. 1. TPA experimental setujpippel. Laser system is one of the follow-

; : ing: Ti:sapphire laser with A/O modulato®-switched Nd:YAG laser or
which was tuned from 1200 to 1600 nm. A typicaiscan OPG/OPA. Typical open apertu#&scan datgopen circleg with fit (solid

result with the best fit to the d_ata is shown _in Fig. 1. line) are also showr{lower). Note that a tight focusing scheme has been
Our results showed no evidence of excited state effectsised assuming small nonlinear refraction.
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state, and” is the FWHM (full-width at half-maximum of
the Lorentzian lineshapg., is the transition dipole moment
between the ground and excited state, Apg, is the differ-

3 {: _________________ cL _____ -¥ .... 1 ence in permanent dipole moments between the ground and
% ' g excited stateN is the molecular densitycos' 6) represents

g 21 1 @ the average of the induced polarization projected onto the
=, molecular axis for one-dimensional molecules @ngds the

e 4l ] local field correction factor, for example, calculated by the

Lorentz local field. The TPA coefficient is related & by
the following expression:

I (GW/cm?) 3 Im[X(g)(—w;w,—w,w)]
P =
ay(w) s (2
400 500 600 Using the above Eqgl) and (2), our fits to the TPA data

producedAu~12 D, whereasuy;~7 D was obtained from
the linear absorption data. In this case dipole—dipole interac-
tions and retardation effects have been neglected.

There is an intriguing red shift in the peak of the TPA
coefficient from its expected position. Shown for reference in
Fig. 2(b) is the linear absorption spectrum which peaks at
430 nm. As a result one expects the two photon spectrum to
peak at 860 nm, not the observed 920 nm. We note that two
overlapped peaks were also observed in the THG spectrum
of DANS, with one maximum shifted to longer wavelengths
from the peak associated with the three photon resonance
with the state responsible for the one photon absorption
peak® This shift has not been satisfactorily explained to date.
FIG. 2. (a) TPA coefficients vs peak intensity used in the open apeure TPA can be a problem near the peak of the two photon
scan at 1064 nm. No significant intensity dependence is obse(tyeDis- resonance. For example, an additional loss of 0.7%cim

persion of TPA coefficient near the TPA resonance. Open cirelgstata, ; ; ; 'Q EI’IFBZ
solid line: fit from two-level model; dashed line: one photon absorption datamduced in a channel Wavegwde of cross secti fora

for comparison(refers to upper horizontal axis guided wave power of 1 W. Such an input power is typically
orders of magnitude larger than that used for electro-optic
spectral region of interest is shown in Figh2 Note that the switching. ngever, When poleq polymers are used for Sec-
maximum coefficient is 5.5 cm/GW. Furthermore, for wave-°Nd harmonic generation, maximum input powers of this
lengths in the range 1200—1600 nm we found tieo be ~ Magnitude can be expected. _ y
less with 0.1 cm/GW. Hence we conclude that there is only Potentially more serious is the cumulative photosensitiv-
one two photon state which can be accessed over this wayY induced by this absorption over the lifetime of a device.
length range, and such a state or resonance is not accessibif0 Photons with a sum energy near the main absorption
by two photons from both telecommunication windows at?@nd can also result in photobleaching. In fact, two photon
1.3 and 1.5um. However, in applications which require photobleachmg In _DANS has_ been observec_i in gxp)er_lments
large powers at wavelengths belowuin, TPA induced deg- aimed ‘?lt ng)easurlng the th'r_d _order non_lmear;ﬁf n
radation could become an important concm. waveguides A permar)ent. shift in the optimum cpuplmg
Since the DANS molecule is not centrosymmetric, thendl€ for grating coupling into slab DANS waveguides was
wave functions have mixed one and two photon characterobserved after illumination with either ps or ns pulses at
and thus the charge transfer band can be accessed by bc]it964 nm. Furthermore, Nprvyoodt al. have estlmated a
one and two photon absorption. In terms of a two statdower limit to the expected lifetime of a DANS device due to

model, the degenerate third order susceptibility is given pynultiphoton photosensitivity. He assumed that the pho-

(b

o, (cm/GW)

0
700 800 900 1000 1100 1200
A (nm)

(in MKS units)’ tobleaching quantum efficiency is the same for one and TPA.
From his linear bleaching experiments and his measured up-
X (- w0,-0,0) per limit to a, of 0.3 cm/GW at 1.3um, he estimated a
2 2 lifetime of 14 years for an input waveguide intensity of 10
:N<CO§ 0>L3'Z°1AM°1 ! kW/cn?. This corresponds to an input power of approxi-
3eoh (Q-20)(Q-w) mately 1 mW. At the peak of the TPA in DANS, this lifetime
1 is further reduced by one or two orders of magnitude.
X 0w + E +nonresonant terms. (1) Two photon bleaching can be quantified in terms of a

refractive index chang@n+p) which is proportional to the
The complex angular frequendy is associated with the ex- number of molecules that have undergone the trazis
cited state defined such th@t=E/#—iT'/2, whereE is the  isomerizatiorf Assuming that this transition has a constant
energy difference between the excited state and the grourglantum efficiency with respect to a photoexcited molecule,

Appl. Phys. Lett., Vol. 65, No. 21, 21 November 1994 Cha et al. 2649



ments, where a cw laser near the absorption peak was used
with the peak intensity of 160 mW/chior 1 h to obtain an
index change of-0.027, we obtained a quantum efficiency
of 107° for single photon bleachintf.If we assume the same
guantum efficiency for one and two photon bleaching, we
can estimaté\np~—0.003 at 780 nm, in reasonable agree-
ment for this level of approximation with our TPA induced
index changes, where any residual one photon induced
changes at 920 nm have been neglected. Indeed, the residual
one photon absorption at 920 nm is in the order of 1 tm
1-722 2‘3 2'4 2'5 2'6 ” which could have contributed an additiongl index change.of
Coupling Angle (degrec) —0.0(32 at 7SQ nm. Thus a DANS wavegu@e of cross section
5 um< operating at 920 nm with a cw guided power of 1
mW, and with the estimated TPA induced bleaching quantum
FIG. 3. Waveguide grating coupling dip for the FHEnode: partially e.fﬁc?e.ncy(lo_s)’ will have a ”fe“.me_ of 7 months, which is
bleached at 920 nn(solid line) and data for the unexposed ar@mshed significantly S_horter than the “fe:;“me at the off-resonant
line). wavelength given by Norwoost al:
In conclusion, we report the first TPA spectrum of a
DANS side-chain polymer. We believe bleaching through

An+p is found to be proportional t8?t, whereP is the input 7 .
power and is the accumulated exposure time. Note that twotWO photon absorption is not a serious problem for DANS

photon bleaching is sensitive not only to the accumulatet?ased devices operating at 1.3 or 5. However, materials

energyPt, but also to the peak intensity while single photonW'th enhanced nonlinearities a!“q‘ax close to 600 nm, cogld'
bleaching depends on the total energy only. suffer from severe degradation when exposed to similar
. . - lengths.
We performed waveguide coupling experiments to mea?’ave . .

sure an index change after an exposure of our sample. A dye The_authors thank Aklra Otomo for making the DANS
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