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Abstract

A study of the topographical modifications of a PADC polymer substrate under 25 keV-Electron Beam (EB) irradiation is presented. The
thickness variations as a function of the electronic fluence are systematically measured and show a fall in thickness. The causes of this
phenomenon are discussed. Simulations of the interaction of the 25 keV-EB and the polymer are also carried out with the aim to correlate the

deposited energy and the thickness variatiah2000 Elsevier Science Ltd. All rights reserved.

Keywords Polymer; Electron Beam; Thickness variations

1. Introduction 2. Experimental

The interest in polymeric materials under irradiation and 2.1. Material—irradiation conditions—topographical
their applications to the field of optical telecommunication variations analysis
are well known. Numerous studies concerning polymers
(PMMA, PMMI, BCB,...) undery-rays or ion beam [1,2] Poly(diethylene glycol bis(allyl carbonate)) known as
have shown that they undergo chemical, physical and PADC or also CR-39 resin is a highly crosslinked network
particularly optical modifications [3]. In the case of ion polymer with the repeat unit shown in Fig. 1. It is prepared
beam, it leads to a sufficient increase of the refractive by chain-growth polymerization involving both allyl groups
index to allow the fabrication of optical waveguides [4— and the polymerization is initiated by free radicals.
7]. We recently showed the feasibility of such optical The samples used in this work were prepared by bulk
structures in a PADC polymer under Electron Beam polymerization of liguid monomer using diisopropyl
(EB) [8,9] and the work presented in this paper is part peroxydicarbonate (IPP) as the initiator. The curing
of a larger study on the application of the technique of regime, as used by Ahmad and Stejny [13] (4 h att45
EB irradiation to the field of integrated optics [10—-12]. 4h at 49C; 4 h at 58C; 2 h at 65C; and 2 h at 8%, in
Pursuing this aim, the purpose here is the analysis of thesuccession) was employed with the initiator concentration
topographical changes induced by the EB. An experimental ranging from 1.5 to 10%. Previous work has shown [14] that
study of the thickness variations as well as a theoretical the initiator concentration controls the conversion of the
simulation of the spatial energy distribution in the material monomer and the density of crosslinks of the network, the
are performed. latter reaching a maximum at the initiator concentration of

about 5%.

In this study, the samples have been cured with an IPP
concentration of 6% and present a glass transition tempera-
ture Ty of 9C°C. The sample slabs have a parallel-piped
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8s. and coated with a 20 nm thick Au—Pd layer to avoid
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The irradiations are performed using a Philips XL20 i S I S e
Scanning Electron Microscope (SEM) delivering accelerat- ; 4
ing voltages between 0.1 and 30 kV. The typical electronic ; " (um)
energies used are 10-30 keV. Table 1 summarizes the irra- 5 509 1500 2500 (um)
diation conditions used in this work. The irradiation mode )

on an area has been chosen in view of the application of the
work, which is the optical characterization of these preli- Fig. 2. A screen print of the profilometer showing surface variation with
minary obtained structures (refractive index measurements,scan length for various fluences of a 25 keV-EB:(&>810™ e/cn’; (b)
determination of the index profiles,...). 3% 10" elen.

The profile of the surface and hence the thickness varia-
tion measurement are realized with a SLOAN DEKTAK lla

profilometer (see Fig. 2) with a repeatability of about obtained by Nordman et al. [15] on amorphous,8ilms:

0.2pum.
Ae = K(1 — exp—ad))

The calculated values of the coefficierfsand a are

3. Results 3.4pmand 105x 10~ ¢ cm?/e, respectively. The thickness
decrease reaches a few microns, which can be explained by
3.1. Thickness variationde a strong compaction or/and ablation process. This point will

be discussed in Section 4.
The topographical modifications have been studied as a We are also interested in the link between volume depos-
function of the electronic fluence as it is shown in Fig. 3. ited energy densit{, of the EB into the substrate ark
An empiric law has been determined, similar to the one (Fig.4). The averag®, has been calculated in a superficial

Table 1
Summary of the irradiation conditions

EB-energy (keV)  Spot sizeuymn) Irradiation mode  Dimensiongun?®)  Probe current (nA)  Fluenc® (e/cnt) Fluence rateb (e/cnt s)

25 1 Area 2500< 2500 40-70 % 10%°-8x 10' 2.2x 10




C. Darraud-Taupiac et al. / Polymer 41 (2000) 6295—-6299 6297

% ¢ experimental results
2 1 / --- K(1-exp(-a ®))

0 T T T 1

0 2E+16 4E+16 6E+16 8E+16
fluence ® (e/cm?)

Fig. 3. Thickness variation as a function of the fluence of a 25 keWKEB 3.4 pum a = 1.05X 10 cn?.

substrate layer [6], arbitrarily chosen to have a thickness of shows an increase with increasing fluencé®giand then a
Ao/4, whereq is the refractive index measurement wave- saturation.
length, for a EB having an initial enerdgg, the densityD, is
given by: 3.2. Simulations: theoretical study of the energy distribution
4 o4 [ dE The theoretical study is based on the EGS4-PRESTA
Dy(Eg) = A_d) J (d—) (x) dx code [17-19], to determine the distribution of the energy
0 0 X /B in 3D. The PADC substrate is characterized by its composi-
tion and density. The shape of the sample is parallel-piped
where @ is the fluence anddE/dx)gq(X) is the linear stop- and is constituted by 8 5x 1 me3 cells. In this work, each
ping power at a deptk for an EB having an initial energy  cell of the surface received a 25 keV-EB fluence of 4
Eo. 10° e/cn. The width of the irradiated area has been set to
This latter coefficient [16] corresponds to the contribution 100 um. The results of Figs. 5—7 give us some information
of the EB interaction with each of the components (C, H, O) about the distribution of the deposed energy in the material.
of the polymer and results in the sum of the collision stop-  Figs. 5 and 6 present the isoenergy lines for a 25 keV-EB
ping power and the radiative stopping power. At the energy as a function of the fluence and the relative deposited energy
of 25 keV, the collision contribution is the predominant versus the depth, respectively. They both show that the
phenomenon. maximum of the EB-energy (around 95%) is lost in the
From Figs. 3 and 4, it appears that the thickness variation seven firsts microns of the substrate. Awif+-deep cut
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Fig. 4. Thickness variation as a function of the deposited energy of a 25 keV-EB.
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Fig. 5. Isoenergy lines for a 25 keV-EB (simulations data).

presented on Fig. 7 indicates that the broadening of thethickness, which reaches saturation because the density
beam is negligible. cannot indefinitely increase. As the Au/Pd layer remains
after irradiation and perfectly follows the profile of the irra-
diated area, without any damage, it can be assumed that the
4. Discussion intimate structure of the polymer is still preserved.
The threshold effect of the compaction process is obser-
The electrons flux induces various processes in the PADCvable either on the profile measurements or on the relative
polymer. Our interest here is focused on the thickness varia-deposited energy as a function of the depth curve. The
tion phenomenon. The material presents an amorphous andalculated coefficient of the Fig. 3 accounts for this effect.
strongly heterogeneous structure, constituted by a single
macromolecule. The deposition of energy generates an
increase of the temperature on the irradiated zone, which5, Conclusion
makes the migration of chemical species toward the depth of
the material easy and hence, causes a compaction of This study showed that an EB irradiation of the PADC
the medium. Profilometry measurements show a fall in polymer induces a thickness variation of the material with a
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Fig. 6. Relative deposited energy as a function of depth for a 25 keV-EB (simulations data).
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Fig. 7. Density of energy deposited in PADC under 25 keV-EB at a depthuoh 7sample size: 808 800x 40 um?, fluence: 3x 10 e/cn? (simulations

data).

Aemaximum value of about.d = 0.2 um. This process has
been attributed to a compaction of the material related with

the energy deposition of the electrons in the substrate,

obtained thanks to the achieved simulations.

In parallel to this work, a complete study of the relation
between the refractive index variation obtained using the
EB technique and the energy deposition gradient is in
progress. Moreover the low dispersion of spatial repartition
of the energy should allow the definition of accurate 3D

optical structures and therefore enable this technique to be[io]

used in the field of Optoelectronics.
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