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Abstract. We have formed a given pattern of the second order optical nonlinearity in the
subsurface region of a glass by electron irradiation. The nonlinearity was induced by the electric
field of the electrons captured by the glass. Formed structure consisted of periodic “strips” and,
being irradiated normally to the glass surface with an IR laser, generated the second harmonic
(SH) radiation pattern similar to one of a phase diffraction grating. The pattern presented the
results of an interference of the SH waves generated by nonlinear strips. Mapping of the SH
radiation pattern in orthogonal polarizations of the fundamental laser beam allowed concluding
about the distribution of the electric field of electrons captured in the glass.

Keywords: second harmonic generation, glass, e-beam lithography, grating structure
Funding: State assignment FSRM-2023-0009.

Citation: Terpitskiy A.N., Reshetov 1.V., Scherbak S.A., Lipovskii A.A., Visualization of
electric field of e-beam-formed charge patterns in glass, St. Petersburg State Polytechnical
University Journal. Physics and Mathematics. 18 (3.1) (2025) 44—47. DOI: https://doi.
org/10.18721/JPM.183.107

This is an open access article under the CC BY-NC 4.0 license (https://creativecommons.
org/licenses/by-nc/4.0/)

MaTtepuarnbl KoHdepeHLnn
YOK 538.958
DOI: https://doi.org/10.18721/IJPM.183.107

Bu3yanu3saumus 3/71eKTPUYECKUX NoJsiei 3apsapoBbiX CTPYKTYP,
chOpMHUPOBAHHDIX 3JIEKTPOHHDbIM JIYUOM B CTeK/ie

A.H. Tepnuuknn' 2, N.B. PewetoB 2, C.A. lLlep6ak 2, A.A. JInnosckum !
! AkagemMuuecknin yHusepeuteT uM. XK.U. Ancdéposa PAH, CaHkT-MeTepbypr, Poccus;
2 CaHKT-MeTepbyprcknii NonMTeXHUYeCkuin yHnBepcuTeT MeTpa Benwvkoro,

CaHkT-leTepbypr, Poccus
= terpiczkij@mail.ru

Annoranuda. [IpogeMoHCTpHUpoBaHa BO3MOXHOCTh (DOPMUPOBAHUS 3adaHHON HEJIMHEHHOMU
MepUOANYECKON CTPYKTYPHI B IPUIIOBEPXHOCTHOM 001aCTU CTEKJIA DJIEKTPOHHBIM OOJTyUeHUEM.
HenuHeitHOCTh MHAYLIMPOBAIaCh SJEKTPUUYSCKUM MOJEM 3JEKTPOHOB, 3aXBAYCHHBIX CTEKJIOM.
CdopmupoBaHHas CTPYKTypa npu 00JydeHUU MOBEPXHOCTHU cTekJia o HopMmaiau MK nazepom
TeHEepUpOBaia BTOPYIO ONTUUYECKYIO0 TApMOHUKY C AUaTpaMMOM HAIpaBJACHHOCTH, aHAJIOTUIHOMN
IrarpaMMaM OT (a3oBBIX AUGPAKIIMOHHBIX pelIeToK. KapTupoBaHme M3TyYeHUSI BTOPOM
TapMOHUKHU IIPU OPTOTOHAJBHBIX IOJSIpU3alUsIX (YHIAMEHTAIbHOI BOJHBI IT03BOJIMIO
cleaTh BBIBOA O pacHpeAcieHUN JIEKTPUUYECKOro MOJsl 3aXBaUy€HHBIX B CTEKJIE BJEKTPOHOB.

KimoueBble cjioBa: TeHepalys BTOPOW ONTUYECKOW TapMOHUWKHW, CTEKJIO, 3JIEKTPOHHAas
nutorpacdusi, IepuoandecKas CTpyKTypa
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Introduction

Currently, nonlinear optical effects are used in various devices, such as optical modulators,
optical frequency converters, etc. One of the main fields of research in nonlinear optics relates
to the second harmonic generation (SHG). In general, such an effect can only be achieved in
materials without the inversion center. However, a lot of optical elements is based on glasses.
This is because of their low price, optical transparency in a wide range of wavelengths and a
high variability of other characteristics. In glasses, the presence of the inversion center forbids
SHG, with the exception of the glass surface. However, SHG in glasses can be provided by the
EFISH (electric field induced second harmonic) effect [1] that is nonlinear conversion involving
3rd order electric susceptibility ¥® and DC electric field E¢ created by a charge “frozen” in the
glass. Among such approaches to create a frozen electric charge as thermal poling [2, 3], optical
poling [4], etc., the e-beam irradiation stands out primarily due to its high resolution and the
opportunity of direct writing of complicated patterns [5].

The visualization of the distribution of electric field is an important problem in the design of
various micro- and optoelectronic components. If optically transparent materials are used, SHG
can be a convenient tool for this, e.g. mapping of the SHG signal. In this paper we demonstrate
the visualization of the electric field distribution in nonlinear periodic structures created by
electron irradiation in a glass.

Materials and Methods

We used BF16 glass with the following composition: 27% SiO,; 6.8% B,O,; 2.5% AlLO;;
0.6% Sb,0,; 0.4% As,0,; 10% PbO; 42% BaO; 5.7% ZnO; 5.1% CaO. Electron irradiation
was carried out using a Raith EBPG5000 + ES electron beam writer. The electron energy
was 100 keV, the beam size was 2 nm, and the charge density of the irradiated pattern was
maintained at 8 pC/cm? The written structure is a set of two-dimensional gratings with the
periods A = 4, 8, 16, and 32 um. The gaps in the gratings coincided in width with the strips
and made up half the period, i.e. A/2. The gratings are about 1 mm wide and 3 mm long.
Optical measurements were performed using a 1064 nm pulsed picosecond laser (Nordlase
IGUL-PS-205-1064-50-50-10-50). Laser beam width was 90 pm, using a short-focal-length
lens allowed to reduce it to 1—2 pum. To map the SH signal, the irradiated glass was mounted
on a two-dimensional translation stage. SH signal registration was carried out using a photon
counter (Hamamatsu H11890-110).

Results and Discussion

The distribution of £”€ in this structure, which was obtained by solving the Poisson equation [6]
for the given charge distribution, is characterized by specific SH radiation patterns. These patterns
were observed under normal-incidence laser irradiation (see Fig. 1, @). Fig. 1, b presents the
radiation patterns of the SH generated by a 16 pum grating under laser excitation with transverse
polarization (relative to the grating stripes). The observed profiles are consistent with the theoretical
distributions of diffraction gratings exhibiting m-phase modulation

SHG mapping was performed using a long-focal-length lens (size of the light spot (~90 um)
noticeably exceeds the periods). The obtained maps are presented in Fig. 2. The strongest SH
signal is observed at the edges of the gratings — the side faces for the transverse polarizations
and the end faces for the longitudinal polarization. Since in this structure SHG occurs via the
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Fig. 1. Optical measurement scheme (a); normalized SH signal as a function of the scattering angle
for periodically e-beam irradiated area with period A = 16 um (b)
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Fig. 2. SHG maps at orthogonal polarizations of the laser beam: across the strips (a); along the
strips (b)

EFISH effect [1], the signal magnitude directly depends on the electric field strength. Thus, Fig. 2
demonstrate visualization of static E-field in the structure. Note, since size of the light spot in
these measurements (~90 um) noticeably exceeds the periods, the E-field inside the gratings is
unresolved.

To visualize FE-field inside the gratings, we used a short-focal-length lens (the light spot
(~2 um) is smaller than the periods). As described by the model in Ref. [6], the charge distribution
expands beyond the boundaries of the fabricated strips due to electron scattering in the glass. This
leads to an increase (compared to the grating period) spacing between the E”¢ maxima in the
irradiated region. Fig. 3, a presents the SH signal profile for a A = 4 pm grating, measured with
the laser polarization oriented transverse to the strips. We observe a significant increase in the
SH peaks spacing within the irradiated zone (2.5 pum compared to the original 2 pm), confirming
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Fig. 3. SH signal profiles under laser irradiation of a A = 4 um grating: within the grating area (a) and
at the grating edge (b)
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the corresponding increase in the EP¢ maxima separation. Furthermore, at the outermost strip,
the implanted charge is no longer confined by neighboring strip, resulting in the predicted decay
of the SH signal to zero over extended distances (~40 um for A = 4 um), as shown in Fig. 3, b.

Conclusion

We demonstrated SHG for visualizing E”C¢ distributions in periodic structures fabricated by
electron beam in glass. SHG spatial mapping revealed pronounced electric field localization at
grating edges. Moreover, high-resolution SHG profiling with a short-focal-length lens allowed
visualizing local electric field inside the grating. Obtained profiles of the local E-field are in
agreement with the recent simulations [6].
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