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Abstract. The energy transfer between the reflected 0th and �1st orders diffracted by a grating in the vicinity
of the Littrow angle is experimentally demonstrated for the first time with an all-dielectric resonant waveguide
grating under TE polarization. This effect has already been described in a theoretical approach but never
proved by measurements. Contrary to classical configuration, the dielectric resonant diffractive structure is
probed here from the grating backside to avoid signal disturbance. A transparent layer of very high refractive
index (hydrogenated amorphous silicon: a-Si:H) is structured by e-beam lithography and plasma etching to
create a resonant grating waveguide on a BK7 substrate. Agreement between modeling and experimental
characterizations validates the energy transfer effect, opening the way to all-dielectric sensing devices.
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1 Introduction

In the past years, a large number of optical sensors based on
plasmonic devices were described in the literature and have
taken an important place for environmental or biological
applications [1–3]. One means to couple light to plasmon
waves and to achieve surface plasmon resonance is the
use of metallic diffraction gratings under TM polarization
[3, 4]. Generally, only the 0th reflected order is exploited
to detect a change in the dielectric medium by the determi-
nation of the minimum in the angular or spectral signal [5].
However, to improve the device sensitivity, we previously
demonstrated that the �1st reflected order diffracted by
the grating can be useful when measured simultaneously
with the 0th reflected order [6, 7]. The energy transfer
between these two orders when tuning the wavelength or
the incident angle, based on a lossless coupling of surface
plasmonic modes, can be exploited as a highly sensitive
sensor [8, 9]. Differential measurement of these two orders
reduces the common mode noise and therefore improves
sensitivity of the sensors based on this effect. Nevertheless,
the device can only be probed from the grating top, mean-
ing that the incident light and the reflected orders are

perturbed by the medium to be tested, mainly when one
considers liquid environment. To avoid this limitation, we
propose here an all-dielectric structure that allows probing
from the backside (substrate). The aim of this study is to
demonstrate that, like for plasmonic sensors, it is possible
to simultaneously use the 0th and �1st diffraction orders
and that their energy transfer is possibly exploitable for a
sensing system. To the best of our knowledge, this configu-
ration represents the first realization of such an approach,
opening new possibilities for advanced biosensor design.

In Section 2, the energy transfer is described briefly for
the backside probing case and an explanation of the whole
dielectric structure behavior is conducted. Section 3 is
dedicated to the materials and methods to optimize the
grating design and to fabricate the samples. Finally,
Section 4 presents and discusses experimental results and
is followed by a conclusion.

2 Optical energy transfer between the
0th and �1st grating orders

A diffraction grating is used in the present work to obtain,
through an-all dielectric configuration, an optical energy
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transfer between the 0th and �1st orders when scanning
the incidence angle. The structure, as it is well-known in
resonant waveguide grating (RWG) will then support
guided modes and will exploit waveguide resonance in high
refractive index dielectric [10] with the aim to use this
device as sensor. The main difference with other works
[11–13] is that the incident light, studied in TE polarization,
is coming from the backside of the grating (from the
substrate) in order to avoid disturbance effects from the
external medium to be probed (Fig. 1). In this case, reso-
nant reflected orders will be also retrieved from the same
side (substrate) than the incident beam one.

As mentioned in [14] in a theoretical point of view, the
waveguide and the grating must be in a high refractive
index material for the energy transfer to occur between
the two reflected �1st and 0th orders only, when scanning
the incident angle in the vicinity of the Littrow angle
(hL, angle for which the reflected �1st order is superposed
to the incident light). This condition is essential to avoid
any transmitted order from having a propagating character
in the external medium and to couple the evanescent dif-
fracted orders to the guided modes. Several other parame-
ters are conditioning the optical energy transfer existence,
in particular the grating geometry. The following subsec-
tions aim to describe how the guided modes could propa-
gate in the resonant structure and how they can be
excited by the grating to obtain optical energy transfer
between the two reflected orders.

2.1 Mode’s propagation in the waveguide

The resonant grating is partially etched in a high refractive
index medium layer nwg deposited on the substrate of
refractive index ns, as represented in Figure 2. The grating
shows here a square profile with a depth d, a period K and a
duty cycle (1�f). The underneath layer (buffer layer), as
part of the waveguide, has a thickness Wg. The superstrate
refractive index is nsuper (Fig. 2a) and corresponds to the
refractive index of the medium to be probed (liquid or air).

To understand how the resonant structure behaves, an
equivalent structure is considered in Figure 2b. It is com-
posed of only one high refractive index plane layer, sand-
wiched between the substrate and superstrate. Its total
thickness is noted weqTOTAL = Wg + deq where deq is the
equivalent thickness corresponding to the top grating and
which can be written as:

deq � nwg ¼ d � neq; ð1Þ
where neq is the equivalent refractive index of the plane
layer that is substituted for the grating. neq is dependent
of the incident wave polarization (TE or TM) according
to Rytov’s formulas [15]. In the case of air as superstrate
(nsuper = nair = 1) and with f = 0.5, it follows for TE
polarization:

weqTOTAL;TE ¼ wg þ deq;TE ¼ wg þ d=nwg

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n2
wg þ 1

� �
2
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: ð2Þ

To create a guided mode in the waveguide equivalent struc-
ture of refractive index nwg, the plane wave propagating in

the direction of the wave vector ~kwg (jj ~kwgjj ¼ 2p
k nwg) under

a angle should interfere constructively with itself (Fig. 2c).
This condition leads to the dispersion equation of the lth
guided TE mode when introducing the mode effective
refractive index ne ¼ nwgcosa:
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where uwg
s
and u wg

super
are the phases due to the total reflection

at the substrate and superstrate boundaries, expressed for
TE polarization by:
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The number of modes supported by the equivalent
structure can be determined versus waveguide thickness
weqTOTAL and wavelength k from the dispersion equation
(3). For TE polarization, the l-mode cut-off happens when
ne = ns (ns > nsuper) below which value the mode could
not propagate anymore:

weqTOTAL

k

� �
TEcut�off

¼
lpþ atan

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n2s�n2super
n2wg�n2s

r� �

2p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n2
wg � n2

s

q : ð4Þ

Under an appropriate incident angle, the TE0 mode could
be excited in the resonant structure for l = 0 if the waveg-
uide equivalent thickness is above its corresponding cut-off.
For different incident angles, other modes (l > 0) can be
guided if increasing the waveguide equivalent width. It
can lead to optical energy transfer between the 0th and
�1st orders if the grating geometry is adapted to excite
the mode. The grating coupling to the guided modes is
described in the following paragraph.

2.2 Guided modes excitation by the grating diffraction
orders

The TE modes will propagate in the waveguide at a speed
associated to their effective indices ne = nwgcosa and will be

Figure 1. Excitation of the guided mode by the dielectric
diffraction grating.
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excited by the reflected waves diffracted by the grating at
the angles hres ¼ p=2� a, leading to resonance effects.
Using the grating equation, the resonant angles hres and
the corresponding effective refractive indices ne are defined
for each diffracted order m by equation (5):

ne ¼ sin hresð Þ nwg ¼ sin hwg
� �

nwg þm
k
K

¼ sin hsð Þ ns þm
k
K

: ð5Þ

hwg is the incident angle on the grating in the waveguide
and hs is the incident angle coming from the substrate for
the resonance (Fig. 3).

Under appropriate grating geometry, at a small incident
angle (yellow), the l = 1 propagating mode (TE1) can be
excited in the waveguide by the m = +1 diffracted order
and at a higher incident angle (red), the l = 0 propagating
fundamental mode (TE0) can also be excited by the same
order m = +1. The m = �2 evanescent order could also
excite the l = 0 counter-propagating mode (TE0) at a
higher angle. The energy transfer arises in between these
two last angles.

To summarize, the energy transfer in all-dielectric reso-
nant structure will appear under several conditions linked
to the opto-geometrical parameters of the resonant struc-
ture: the wavelength, the polarization, the waveguide
width, the depth, period and duty cycle of the grating

and finally the refractive indices of the materials constitut-
ing the resonant structure. The choice of these parameters
is discussed in the following section to design a full dielectric
optical energy transfer device.

3 Material and methods

3.1 a-Si:H deposition and characterization

To fulfill the required condition of no transmitted orders for
the energy transfer, a high refractive index material (>3) is
necessary. Additionally, to achieve the best performance
and to obtain high resonances efficiencies, the material
should exhibit a high transparency at the operating wave-
length due to the specific interrogation of the developed sen-
sor (from the substrate to the resonant grating). With a
dielectric constant above 3 and an extinction coefficient
below 0.01 in IR wavelength range, hydrogenated amor-
phous silicon (a-Si:H) meets this criterium. The characteri-
zation of a-Si and a-Si:H was largely investigated in the
literature [16–20]. This particular material is largely used
in the solar cell technology and many techniques can be
used to deposit a-Si:H layers (plasma spray, reactive chem-
ical vapor deposition, sputtering,. . .) [21]. The passivation
of defects, responsible for optical losses in the visible and
IR domain, by forming Si-H bonds, enables a high trans-
parency. For instance, a-Si:H layers with refractive index

Figure 3. Excitation of the guided modes by the grating in the dielectric structure.

Figure 2. (a) Studied resonant structure, (b) Equivalent plane structure, (c) Mode propagation in the equivalent structure.
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as high as 3.44 can be obtained in the IR range while the
material is transparent (absorption coefficient k = 0) [17].
These optical constants can be tuned by controlling the
amorphous degree of Si and the concentration of Hydrogen
[18]. Therefore, a-Si:H was chosen as the material that con-
stitutes the resonant structure. The fabrication and the
characterization of the layer are described in the following
sections.

3.1.1 a-Si:H deposition

The deposition of hydrogenated amorphous silicon (a-Si:H)
films is performed using magnetron sputtering in an indus-
trial-scale TSD-550 machine from HEF Durferrit. The
chamber is equipped with a magnetron sputtering cathode
of Si (99.99%) operated in pulsed direct current (pDC)
mode in the tens of kilohertz range, with argon and hydro-
gen gas lines respectively for sputtering gas and hydrogena-
tion of the material. The H2/Ar gas ratio was fixed to 0.9
and the pDC power to 1 kW. The substrates were placed
on a barrel-type substrate holder with a diameter of
550 mm and were heated at 573�K before and during
deposition.

3.1.2 Ellipsometric measurements

Figure 4 shows the dispersion function of an a-Si:H layer on
a BK7 substrate determined by spectroscopic ellipsometry.
The refractive index values (blue curve) are around nwg =
3.5 and the absorption coefficient values (green curve)
below 0.0038 above 800 nm wavelength, meaning that
a-Si:H layer is almost transparent above 800 nm with high
enough refractive index. Considering that the response of
silicon-based photodetectors is maximum between 800 nm
and 1 lm and that compact laser diodes emitting at
980 nm are available, the operating wavelength of the
device is set to 980 nm. At k = 980 nm, the refractive index
and the absorption coefficient values are nwg = 3.562 and
kwg = 0.0036, respectively. The layer’s thickness deduced
from the ellipsometric measurements is equal to 336.65 ±
0.03 nm. These parameters are of great importance for
prediction of the optical angular response to determine
the best grating geometry leading to the optimized energy
transfer as explained in Section 3.2.

3.2 Grating design

3.2.1 Resonant structure scheme: fixed parameters

Once the refractive index, the thickness of the a-Si:H layer
and the operating wavelength are fixed, we used the “MC
Grating” software [22] based on the Rigorous Coupled
Wave Analysis (RCWA) method to design the optimized
structure, comprising the grating and the under layer,
and to calculate its optical response.

Figure 5 shows the binary grating design with the struc-
ture parameters used for the simulation. The TE-polarized
light at wavelength 980 nm is incident from the substrate
before impinging into the a-Si:H. As recommended for
probing from back-side (substrate), the transmission
medium index (air, nsuper = 1) is lower than those of the
incident medium corresponding here to the substrate

(BK7, ns = 1.508) and the a-Si:H waveguide refractive
index (nwg = 3.562) is larger than the one of the substrate.

The period and the duty cycle are fixed to K = 390 nm
and f = 0.5, respectively. For this period, the Littrow angle
hL = asin(k⁄((2 nsK))) = 56.44� is above the critical angle
hc = asin(nsuper⁄ns) = 42�, which cancels the 0th transmit-
ted order.

3.2.2 Parameters to optimize

Thicknesses Wg and d must be determined considering that
the total thickness of a-Si:H layer (d + Wg = 337 nm) is
imposed by the layer deposition requirements (see §.3.1).
The 0th and �1st orders efficiencies versus these two
parameters are mapped in Figure 6 at the Littrow angle
(hs = hL = 56.44� in the BK7 substrate). The 0th and
�1st orders efficiencies show minima (Fig. 6a) and maxima

Figure 4. Ellipsometric measurements resulting from the
hydrogenated amorphous silicon deposition (a-Si:H). The blue
curve represents the refractive index and the green line the
absorption depending on wavelength. At the operating wave-
length k = 980 nm, the refractive index is nwg = 3.562 and the
absorption coefficient kwg = 0.0036.

Figure 5. Structure used to model the interaction of a TE-
polarized light beam emitting at 980 nm wavelength with a BK7
substrate above which a thin layer of a-Si:H is deposited and
grooved.
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(Fig. 6b), respectively, for given couples values (Wg, d),
which indicates a maximum energy transfer between the
two orders. The white line in Figures 6a and 6b corresponds
to the total thickness d +Wg = 337 nm and its intersection
with minimum for the 0th order and maximum for the
�1st order provides the optimal couple values d = 47 nm,
Wg = 290 nm (white point) for the energy transfer.

3.2.3 Angular response of the optimized structure

Using the optimized structure with a TE-polarized light
excitation at wavelength 980 nm, on an angular range
between 0� < hs < 90� into the BK7 substrate and between
0� < hwg < 25� into the a-Si:H layer, the diffraction efficien-
cies are plotted in the Figure 7 where both orders 0 and �1
are represented in black and red line, respectively. Points of
interest are also represented, especially the resonances at
positions A and B corresponding to 5.2� and 33.4� angles.
Then, the efficiency curves intersect each other at C and E
corresponding to 44.1� and 76.2� angles, which are relevant
for further sensing measurements. Position D corresponds to
the Littrow’s angle hL =56.44�. Above 44� (position C), the
energy transfer between the 0th and�1st orders is obtained
and at the Littrow angle specifically, their respective
efficiencies reach 0 (minimum for the 0th order) and
0.9 (maximum for the �1st order).

Knowing the optimal values allowing a good energy
transfer between the 0th and �1st orders, the grating
fabrication process can now be carried out as described in
the next section.

3.3. Gratings fabrication

After deposition of a-Si:H on the BK7 substrate, the
gratings are formed by a combination of e-beam lithogra-
phy and plasma etching, performed at 3IT.Nano facilities,
Sherbrooke, QC, Canada.

3.3.1 E-beam

A layer of 150 nm-thick positive electroresist (Zep520A) is
spun onto the sample, followed by a thin metallic layer
evaporated on the resist to evacuate charges and to adjust
focus during exposure. The patterns are exposed using an
EBPG e-beam lithography tool from Raith operating at
100 kV. The design corresponds to a 10 � 10 mm2 grating

with a period of 390 nm and a line width of 195 nm
(see Sect. 3.2). Writing fields of 100 � 100 lm2 were used
to reduce stitching effects and ensure smoothness along
the grating’s direction. After exposure, the metallic layer
is removed by an acidic bath that does not affect the resist.
Development is performed in ZED-N50 solution at 4 �C and
dried with a nitrogen jet.

3.3.2 Plasma etching

Following electron-beam lithography, the resulting patterns
are transferred into the amorphous silicon (a-Si:H) layer via
plasma etching using a CF4/H2/He gas mixture in an
Advanced Oxide Etcher (AOE) system from SPTS. The
etching duration is determined empirically through itera-
tive trials to achieve the targeted etch depth of approxi-
mately 47 nm. Subsequently, residual photoresist is

Figure 6. 2D maps efficiencies as a function of the grating depth d and waveguide thickness Wg for hL = 56.44�: (a) 0th order,
(b) �1st order.

Figure 7. Computed efficiencies in TE-polarization of the �1st
(red curve) and the 0th (black curve) orders versus incident
angle for a square grating of 390 nm period, 0.5 duty cycle,
47 nm depth and 290 nm waveguide thickness: hs angular
position into the BK7 substrate (black axis values) and hwg into
the a-Si:H layer (green axis values) with characteristic angles at
A, B, C, D and E.
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removed by O2 plasma treatment performed within the
same etching tool. Finally, the sample undergoes ultrasonic
cleaning in isopropyl alcohol for 10 min, followed by
thorough rinsing with deionized water and drying with a
nitrogen jet.

3.3.3 Characterization of manufactured samples

After etching, morphological characterizations by AFM and
SEM are carried out to precisely determine the grating
geometry (Fig. 8). These measurements reveal an average
period of K = 390 nm, a depth d = 69 nm (Wg = 268 nm)
and a duty cycle (1�f) = 0.57, values which slightly differ
from the optimized parameters found previously (K =
390 nm, d = 47 nm, Wg = 290 nm, 1�f = 0.5). Despite this
discrepancy attributed to the fabrication deviations, the
following section will present how the structure behaves
for energy transfer between the �1st and 0th orders with
the real geometry of the manufactured grating.

4 Results and discussion

4.1 Simulated optical response of the fabricated
structure

The actual grating dimensions have been input in the
modeling software to verify that the optical energy transfer
is still obtained between the two orders above the incident
angle hs > 40� in the BK7 layer. Figure 9 shows that even
though the amplitudes efficiencies difference of the 0th and
the �1st orders is smaller than those of the optimized
structure for the Littrow angle, the actual structure still
provides an optical energy transfer between angles 40�
and 90�. Despite the difference between the optimized and
the real structure, the energy transfer can still theoretically
be exploited, as demonstrated in the experimental part
below.

For each relevant incident angles, A, B, C and E,
Figure 10 illustrates the incident and the reflected beams
propagation in the direct space as well as in the reciprocal
space (Ewald’s sphere) and the electrical field distribution
in the resonant structure to identify respective guided
modes. To do this, an angle conversion from the substrate
to the a-Si:H layer is necessary. Figures 10a and 10b show
three reflected diffracted orders (0, �1 and +1) inside the

a-Si:H layer. For point A (hs = 2.8�), the 0th order is
transmitted in the superstrate (air) and the +1st order
excites the TE1 mode that propagates in the guide with
an effective index ne = 2.59 as seen in the Ewald sphere
in the Figure 10a and visible on the electric field Ey
amplitude map. The reflected �1st order cannot escape
from the a-Si:H layer and is not transmitted back into the
substrate. For point B (hs = 32.7�), the 0th order is par-
tially reflected into the a-Si:H layer and transmitted in
the substrate (BK7) and the +1st order excites the TE0
mode that propagates in the guide with an effective index
ne = 3.33 (Fig. 10b). The reflected �1st order can still
not come out of the a-Si:H layer and is not transmitted into
the substrate. For the first and the second crossing points C
(hs = 46.8�, Fig. 10c) and E (hs = 69.5�, Fig. 10d), there is
no phase matching between the diffracted evanescent
orders and the propagating modes in the waveguide but
the electric field is partially present in the superstrate above

Figure 8. (a) Photograph of the grating etched with e-beam with (b) SEM surface characterization (c) AFM image.

Figure 9. Comparison between the computed �1st (red curves)
and the 0th (black curves) orders efficiencies in TE-polarization
versus incident angle hs into the BK7 substrate for a square
grating of 390 nm period. Full line: depth d = 47 nm, waveguide
thickness Wg = 290 nm and duty cycle f = 0.5; dotted line: d =
69 nm, Wg = 268 nm, f = 0.57. For A, B, C and E, hs (hwg into
the a-Si:H layer) are mentioned in black (green).
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the grating for an eventual probing of the surrounding
medium refractive index change.

4.2 Angular measurements

4.2.1 Optical setup

The angular response corresponding to the measurement of
the propagative reflected orders intensities (0th and �1st),
looking like an eye shape in the Littrow angle vicinity
and called “switch eye”, is measured by an optical bench

schematized in Figure 11a. The collimated beam emitted
at wavelength 980 nm is provided by a laser diode and
passes through a diaphragm for spatial filtering and
through a polarizer to ensure TE-polarization according
to the grating incidence plane. The laser diode, diaphragm
and polarizer are set on a same rotative support and the
photodiode is mounted on another motorized rotation
stage. According to the incident angle on the grating, both
0th and �1st orders are diffracted and their efficiencies are
measured sequentially by the photodiode, converting inten-
sity into a current that is sent to the analog input of

Figure 10. Schemes in direct and reciprocal (Ewald sphere’s representation) spaces associated to angular positions of the Figure 3
and electric field Ey amplitude: (a) First resonance at hs = 2.8� (point A), (b) Second resonance at hs = 32.7� (point B), (c) First
crossing point hs = 46.8� (point C) and (d) Second crossing point hs = 69.5� (point E).

J. Eur. Opt. Society-Rapid Publ. 22, 1 (2026) 7



an acquisition card connected to a computer, which stores
the intensities for each incident angle. The grating is probed
by the laser diode from the back side as shown in Figure 1.

Direct measurement of the angular response on the
whole range of 0�–90� is impossible due to the high refrac-
tive index of the resonant waveguide layer that leads to
total internal reflection at BK7 substrate and a-Si:H
interface.

To ensure the angular scanning by the incident beam
within the resonant structure, a half sphere with the same
refractive index as the substrate is added with an index-
matching fluid on the back side of the substrate to couple
the light from the air to the a-Si:H grating with a grazing
angle between 40� and 80�. To support the grating and
the half sphere, a holder was specially designed as shown
in Figures 11b and 11c. The sphere must be properly posi-
tioned on the characterization bench so that the incident

beam is centered with no tilt in normal incidence. The grat-
ing is also rotated in its support to have the diffracted
orders in the horizontal plane.

4.2.2 Experimental results

After optical alignments, measurements were carried out to
verify the ability of the sample to exhibit an energy transfer
between the 0th and �1st diffracted orders. For each inci-
dent angle hs from 0� to 70� with a step of 1�, controlled
by the laser diode rotation stage, the 0th order and the
�1st order diffraction intensities are measured by the
photodiode. Experimental values (points in black and in
red for the 0th and �1st orders respectively) are plotted
in Figure 12 and superimposed to the theoretical curves
(thin lines) simulated with the actual grating parameters
values.

Figure 11. (a) Angular characterization bench, (b) Side view of the sample and half sphere holder, (c) Photograph of the holder
designed to maintain the half sphere and the sample.
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The simulated and experimental curves are quite similar
for low incidence angles (hs < 38�); resonances appear at the
same angles for the 0th reflected order (hs = 2.8� for point A
and hs = 33� for point B), but for hs > 38�, an increased
shift of the experimental values is observed towards smaller
incident angles. The first intersecting point (C) and the
second (E) appear experimentally at hs = 44� and hs =
61� instead of 46.8� and 69.5� theoretically. The angle
corresponding to the 0th and �1st orders extrema efficien-
cies is also experimentally smaller than the theoretical
Littrow angle (hs = 51� instead of 56�). The greater is the
incident angle, the angular shift increases. This shift is
explained by the opto-geometrical configuration of the
experimental set-up since the reflected 0th and �1st orders
are not centered on the half sphere center. As shown in
Figure 13, the output angles he and he�1 of the reflected
0th and �1st orders are determined by the substrate
refractive index ns = 1.5 and its thickness t = 1 mm
(BK7) and to the BK7 half sphere radius R = 12.7 mm by
the equation (6) obtained by geometric optics calculations:

he � hs ¼ h1 � h2 ¼ �0

h�1d � hs ¼ ��1

	
ð6Þ

with ns sin h1 ¼ sin h2, R sin h1 ¼ 2t sin hs, R sin h�1d ¼
t cos hs tan hds � tan hsð Þ and sin hds ¼ sin hs � k

Kns

� �
. This

leads to an angular shift for the first and second crossing
points of D0 = D�1 = 3� and D0 = D�1 = 4� respectively.
Similarly, the Littrow angle is calculated to be shifted by
D0 = D�1 = 4� from its actual value. Experimentally, the
angular shifts at these different points are in close agree-
ment with the calculated ones. The shifted theoretical
curves are plotted in thick lines (black and red for the 0th
and �1st orders) in Figure 12 and correspond to the
experimental data although the half sphere and the index-
matching fluid introduce aberrations that become more
significant as the incidence angle increases.

In addition, compared to the theoretical curve, the rela-
tive amplitudes of both orders are experimentally lower
than the prediction; in other words, the efficiencies are less
important than expected. Furthermore, the grating profile
may not be perfectly square and its roughness was not
considered in the simulation, which may lead also to reduce
diffracted orders efficiencies due to optical losses. Neverthe-
less, the experimental proof of the energy transfer is clearly
demonstrated, showing the two expected intersection angles
at C and E positions between 0th and �1st reflected orders
efficiencies and energy transfer in between them. These two
particular angles could then be used for optical sensing in
future applications. Since their corresponding efficiencies
can be unbalance due to a change in the medium to be
probed, its refractive index variation can be measured at
these two angles. This configuration and implementation
will be exploited in further developments as a highly sensi-
tive refractometry-based sensor.

5 Conclusion

A comprehensive study has demonstrated the feasibility of
optical energy transfer between the 0th and �1st orders
diffracted by a grating in all-dielectric resonant structure.
Using optimized a-Si:H layers, which combine a high refrac-
tive index with low infrared absorption, the structure was
fabricated via e-beam lithography and plasma etching,
and its angular diffraction behavior was experimentally
characterized. For the first time, such a structure was
shown to allow energy transfer between the 0th and �1st
diffraction orders, while conventional high-index materials
(e.g., TiO2, HfO2, Si3N4) do not allow this effect because
higher-order diffracted modes arise within the guiding layer

Figure 13. 0th and �1st reflected orders paths when taking
into account the substrate thickness t and the half-sphere.

Figure 12. 0th (black) and �1st (red) orders diffraction
efficiencies measurements (points) and theoretical curves (lines),
the grating period is 390 nm, the depth 69 nm, the duty cycle
0.57 and the waveguide thickness 268 nm.

J. Eur. Opt. Society-Rapid Publ. 22, 1 (2026) 9



in the transmitted medium. These results confirm both the-
oretically and experimentally the potential of this approach
where the grating is probed through the substrate bottom.
Further development will aim to leverage this optical
energy transfer at the two crossing angles for sensing appli-
cation such as detection of gaseous species. This topic will
be addressed in a forthcoming article where its perfor-
mances will be evaluated (sensitivity, optical losses. . .).
Another point to consider is the possibility of avoiding
the use of the half sphere to couple light in the resonant
structure, in order to reduce aberrations and to propose a
compact and miniaturized optical sensor.
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