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Abstract: We propose a new holographic interferometric technique of phase interrogation
for nanophotonic sensors, allowing to reach low phase noise and fluctuation by using a digital
micromirror device spatial light modulator. With the spatial light modulator, both beam
shaping and phase shifting interferometry can be simultaneously managed, hence enabling the
interrogation of nanophotonic devices with a common-path heterodyne Young’s interference
experiment. The efficiency of the technique is illustrated in the particular case of temperature
sensing using Tamm plasmon photonic crystals. The hologram sensor allows to probe resonant
structures with deep attenuation at resonance, such as resonant structures at critical coupling or
with phase singularities.

© 2024 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

Providing optical sensors with improved sensitivity and high-throughput is still a strategic
challenge in medical diagnostics for the early monitoring of cancers and other diseases [1]], as
well in environmental applications for the detection of gazes and volatile organic compounds
(VOC) in very small concentrations [2]. Refractive index sensing is an efficient method for the
detection species near an interface, which can yield very high sensitivity when coupled with a
resonant effect. Many resonant refractive-index transducers have been developed, historically
starting with surface plasmon resonance (SPR) [3] and waveguide sensors [4], and more recently
metallic nanoparticles [5] and nanophotonic systems such as photonic crystals (PCs) [6,7]. In
order to improve the limit of detection (LOD) of these systems, i.e., the smallest amount of
species or molecules that can be measured, both the optical response of the transducer and
the measurement method have to be considered. Improving the optical transducer is still an
active area of research, and common figures of merit (FOM) have been introduced to compare
the sensitivities of the different optical sensors [7]. Regarding the measurement method, it
is assumed that phase measurement achieves a better limit of detection by several orders of
magnitude compared to intensity interrogation [8–10]. To access the phase of the optical
response, interferometric or polarimetric techniques must be used. Interferometric measurements
have been proposed for VOC detection even without resonant transducers, and a review can be
found in [11]. In the case of resonant sensors, interferometric methods have been used with
SPR by many groups since 1999 [8–10,12], enabling to reach LODs as low as 10−8 refractive
index unit (RIU) [9,13]. Interferometric methods have also been used with waveguide sensors,
yielding LODs within the 10−8 RIU range when the light propagates the probed area over several
millimeters [4,14]. Over the past decade, phase interrogation methods have also been applied
for nanophotonics, e.g., plasmonic metasurfaces with ellipsometry [15] and interferometry
interrogation [16], photonics crystals supporting guided mode resonances in interferometric
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systems [17–19] or Tamm-plasmon structures with polarimetric methods (ellipsometry in this
case) [20]. Although the interferometric techniques lead to better LODs than polarimetric
methods that use commercial ellipsometers, the techniques based on interferometers are not
protected from fluctuations; hence phase measurements can be unstable. Barth et al. [19]
overcome this issue by proposing a differential interferometric measurement. In the present
work, we propose a new interferometric measurement method that also tackles the fluctuation
issues, allowing to reach LODs at the state of the art of phase measurement techniques with a
high stability. The originality of the technique lies in the fact that it is both i) a common path
interferometer, and ii) a phase shift interferometer (or pseudo-heterodyne interferometer). It
is based on a Young’s interferometer where the incident beam is shaped into two beams. All
these simultaneous optical functions are enabled by the use of a spatial light modulator (SLM).
SLMs are a powerful tool to manipulate the wavefront of light with high definition: the phase
and/or amplitude of the reflected light can be reconfigured, allowing to obtain a large range
of optical functions like display, beam steering, wavefront correction [21], wavefront shaping,
spatial or temporal beam shaping, point spread function engineering in microscopy, hologram
generation, or spatial polarization control (see reference [22] and references therein). Mainly, two
types of technology coexist for SLMs: liquid crystal on silicon SLM (LCOS-SLM) and digital
micromirror device SLM (DMD-SLM). Although LCOS-SLMs have already been used as phase
shifting interferometers, e.g. for wavefront analysis of propagating light trough a multimode
optical fiber [23], SLMs are still little used in sensor application: only in SPR for steering the
angle of illumination [24] or in guided-mode resonance sensing for phase shifting interferometry
[25]. To the best of our knowledge, this is the first time that a SLM is used to process several
functions at the same time (phase modulation and beam shaping) for sensor application. In the
proposed phase measurement method, a DMD-SLM is used to generate a sequence of holograms
that is perturbed in presence of the sensor. The hologram sequence is then analyzed to extract the
time-dependent amplitude and phase information. This method can be applied to any type of
photonic structures, resonant or not. Our measurement is very well suited for photonic sensor
fabricated by microelectronic process where sensor size is of few up to hundred micrometers.
Thanks to the beam shaping by the SLM, a large scale of structures can be excited, with footprints
ranging from several hundred µm down to a few micrometers. This method can be applied for
various optical responses (even resonant structures that present a drastic intensity decrease at the
resonance). As a proof of principle, we apply this new measurement method to a photonic crystal
sensor based on a Tamm plasmon structure to show that high performance can be obtained.

The paper is organized as follow: in a first part, we present the underlying theory for the
Young’s interference and the principle of the hologram generation to produce the heterodyne
Young’s interferometer. In a second part, we present our two experimental configurations and
we show the efficiency of the technique regarding phase noise and fluctuations. In a third part,
experimental validation is provided via phase measurement on a Tamm plasmon photonic crystal
used as a temperature sensor.

2. Hologram sensor theory

Our interferometric method for phase measurement relies on two distinct functions that are both
ensured by the SLM:

• Holographic generation of two beams for the Young’s interference,

• Phase modulation of one of the two beams, in order to recover the absolute phase via phase
shifting interferometry.

These two functions will be presented in more details in the following. It should be noted that
in the proposed technique, the phase measurement of the sensor response is not usual, since
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wavefront and beam shaping are involved. If we reformulate the principle of the optical sensor,
the measurement starts with a hologram input Iin(x, y, t) and ends with a perturbed hologram
output Iout(x, y, t) when passing through the sensor and the analyte medium. By analyzing this
perturbation of the holograms we can extract the amplitude and the phase of the electric field
interacting with the transducer.

2.1. Young’s interferences on a photonic sensor

For clarity purposes, the principle of the interferometric measurement presented in the following
is only detailed in the case of a transmission configuration. However, a similar principle could be
used in reflection. As shown in Figure YoungInterferencePrinciplea) the Young’s interference
is obtained from two Gaussian beams that are normally incident on a sample containing the
photonic sensor and the analyte. A first Gaussian beam (’test’ beam) illuminates the sensor,
while a second Gaussian beam (’reference’ beam) illuminates the substrate in the vicinity of
the first beam but outside the sensor. The two beams interfere after passing through a lens. In
the sample plane, the two spots can be considered as two Young’s holes, hence resulting in a
Young’s interference in the focal plane of the lens. In this focal plane, the interference has an
intensity profile (Figure 1(b)) that can be described by the following equation:

Iout(x, y) = I0Υ(x, y)
[︂
A2

ref + (sAtest)
2 + 2sAref Atest cos

(︂
2π

x
Λ
+ ϕref − ϕtest

)︂]︂
(1a)

with: I0 = cste, Υ(x, y) = e
−

2(x2+y2)
ω2

h , and Λ =
λf
D

, and ωh =
λf
πa

(1b)

with D the center-to-center distance between the two beams, a the waist of the two Gaussian
beams, Atest and Aref the amplitude of the two Gaussian beams, s the module of the transmission
coefficient of the sensor, and ϕtest and ϕref the phase of the two beams after transmission through
the sample. The envelop of the interference pattern is a Gaussian curve Υ(x, y) with width at
1/e2 equal to 2ωh. Λ is the spacing between fringes. The width of the envelop interference
pattern 2ωh is inversely proportional to the width of the initial Gaussian beam 2a, whereas the
fringe distance Λ is inversely proportional to the distance D between the two beams, as shown in
Eq. (1b). Consequently, the number of fringes inside the envelop is directly related to the ratio
D/a. The visibility (i.e the contrast) of the fringes is governed by s since the arm are initially
balanced i.e. Atest = Aref . If s = 1 the fringes go down to zero: the contrast is maximal and when
s diminish to zero, the contrast fades until their disappearance. The position of the fringes inside
the envelop are related to the phase difference ϕtest − ϕref and when it changes the fringes slides
laterally inside the envelop. Any change in the phase of the electric field from the photonic sensor
induced by minute local refractive index changes at the sensor interface will lead to a sliding
of the fringes inside the envelop. In order to quantify this phase change, two improvements are
added to the Young’s interference principle. The first improvement is a time modulation of the
phase of one of the two beams (here the reference beam) at frequency fmod:

ϕref (t) ≡ 2πfmod · t (mod 2π) (2)

It leads to a periodic sliding in the direction x of the Young’s interference pattern as follows:

Iout(x, y, t) = I0Υ(x, y)
[︂
A2

ref + (sAtest)
2 + 2sAref Atest cos

(︂
2π

x
Λ
+ 2πfmod · t − ϕtest

)︂]︂
(3)

The second improvement is to place a pinhole at the center of the Young’s interference pattern,
and to collect the light going through the pinhole by a photodetector. The variation of the signal
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Fig. 1. Young’s interference on a photonic sensor (here a photonic crystal labelled ’PC’): a)
schematic view of the principle, b) example of intensity pattern at the focal plane of the lens

at the output of the photodiode will be proportional to:

Ic(t) ≈ Iout(0, 0, t) = I0

[︂
A2

ref + (sAtest)
2 + 2sAref Atest cos (2πfmod · t − ϕtest)

]︂
(4)

To summarize, the interferometric signal Ic is modulated in time as a sinusoidal curve at the
frequency fmod. By demodulating this signal, we can extract the temporal changes of the phase
and amplitude in the transmission of the photonic sensor (s and ϕtest).

2.2. Hologram generation for Young’s interferometry

The simplest way to generate two beams, with the first one adapted to the size of the photonic
sensor and the second one used as a reference, is to perform direct beam shaping of an incident
beam with the help of a SLM. However, this straightforward method is not efficient since the
dimension of the targeted spot beams (few to tens of micrometers) are small compared to the
SLM resolution and will also lead to a poor reflectivity efficiency on the SLM. Actually, very
few pixels of the SLM would contribute to the shaping of the incoming beam. To overcome this
issue, our strategy consists in shaping the Fourier transform of the two targeted beams, which
corresponds to a Young’s interference pattern (Iin(x, y)). This way, the pattern illuminates the
whole area of the SLM instead of a few pixels. The hologram Iin(x, y, t) introduced at the input of
the hologram sensor system follows this equation:

Iin(x, y, t) = I0.Υ(x, y)
[︂
A2

ref + (Atest)
2 + 2Aref Atest cos

(︂
2π

x
Λ
+ 2πfmod · t

)︂]︂
(5)

In the following discussion, we consider that the power of the two Gaussian beams are
well-balanced, i.e Aref = Atest. The Young’s interference pattern used as an input looks like the
pattern of figure 1(b). In this work, we choose a digital micro-mirror device (DMD) SLM, as
it offers faster responses compared to LCOS-SLM. A DMD is a 2D matrix of micro-mirrors
that switch between two orientations on a pivot and deflect light in two directions at ±12◦,
corresponding to the ’on’ and ’off’ positions. The pattern that is encoded into the SLM is a
binary pattern. To provide the original Young’s interference pattern Iin(x, y) (which is an analogic
signal) from a binary pattern, an encoding step is required. In general, the Lee method [26] or
the super pixel method [27] are used to produce the wanted analogical complex electric field (the
hologram) from a binary pattern. Here we choose the Lee method, which is a nonlinear filter
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that computes a diffracting binary pattern as an output from the targeted hologram input Iin(x, y).
When the SLM encoded with the binary pattern is illuminated, many orders of diffraction are
excited and the targeted field Iin(x, y) can be recovered in the first order. Figure 2 describes the
general principle that has been implemented to generate the Young’s interference hologram
Iin(x, y) and the two Gaussian beams that illuminate the photonic sample. In a first step we
numerically construct the two Gaussian beams with their expected dimensions a and D, as well
as their expected phases (Figure 2(a)). Then we generate the Young’s interferometric pattern
Iin(x, y) by a Fourier transformation (figure 2(b)). The binary hologram used to encode the SLM
with on and off mirror positions is numerically generated by Lee’s algorithm with Iin(x, y) as
an input pattern. The resulting binary pattern is shown Figure 2(c). After encoding the binary
hologram, the DMD SLM is illuminated with a Gaussian beam which is diffracted into several
orders. In order to generate the hologram shown in Figure 2(d), two manipulations are necessary:
first, the diffracted light is spatially filtered to recover the first diffraction order. At this point,
the filtered electric field should have the exact same profile as the two desired Gaussian beams.
Secondly, the filtered light is transformed in order to obtain the Young’s interference pattern
Iin(x, y). In a last step, beam shaping is performed via the optical transformation of the generated
hologram, to obtain the two Gaussian beams at the photonic sample plane (2(e)). It has to be
noted that it could also be possible to place the sensor directly after the filter; however, it is
experimentally quite tricky to manage the positioning of the filter so close to the sensor.

Fig. 2. (a)–(c) Hologram generation process, from the targeted beam shape to the generated
binary pattern that will encode the DMD-SLM (numerical steps). (d)–(e) Subsequent optical
beam shaping (theses experimental steps are illustrated here by numerical examples).

In order to modulate the signal, N holograms are generated by repeating the above process,
where only the phase of one of the two Gaussian beam changes with a 360◦/N step to produce the
phase ramp described by Eq. (2). This way, the generated hologram is the modulated Iin(x, y, t),
which leads to the phase of one of the two Gaussian beams obtained at the sample level being
periodically modulated in time.
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3. Experimental implementation

3.1. Transmission and reflectivity configuration

The hologram generation described above can be experimentally implemented, either in a
transmission (Figure 3(a)) or in a reflection (Figure 3(b)) configuration depending on the
transparency of the sample substrate and the optical properties of the photonic sensor. For both
configurations the set-up can be divided in two blocks: i) the hologram generation block and
ii) the beam shaping and Young’s interference experiment block. In the hologram generation
block the input hologram Iin(x, y, t) is produced. In this block a tunable NIR laser fixed at 1300
nm wavelength is expanded to illuminate the DMD SLM. The reflected light from the DMD is
transformed into an analog hologram by a 4f system (Lens L1 and L2 and spatial filter (SF)). In
the beam shaping and Young’s interference experiment block, the lens L3 transforms the input
Young’s interferometric pattern Iin(x, y, t) into the shaped beam (i.e., the two Gaussian beams).
The Young’s interference experiment is done by the last lens (L3 in the reflection configuration
and L4 in the transmission configuration). The light passes through a pinhole or a slit (P) centered
on the central fringe and is detected by an InGaAs photodiode (PD, model SM05PD4A from
Thorlabs). The signal Ic(t) is amplified by a photodiode amplifier (Thorlabs PDA200C) and
recorded over time with a NI 9234 acquisition card from National Instruments at 51200 sample/s
acquisition rate.

Fig. 3. The experimental set-up: a) in transmission configuration, b) in reflection configura-
tion

3.2. Hologram generation and beam shaping

In Figure 4(a), a generated hologram is shown for a transmission configuration with no sensor (i.e,
s = 1 and ϕtest is a constant). This hologram, recorded with a SWIR camera, is generated using
the center part of a DLP300 DMD from Texas Instruments (340 x 340 pixels while 680 x 340
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available) and two identical lenses L1 and L2 with focal length equal to 75 mm. At the Fourier
plane of Lens L3 (focal length 150 mm), the two Gaussian beams are shaped as expected with
high fidelity with waist a = 52 µm and spacing distance D = 520 µm (Figure 4(b)). Figures 4(c)
and (d) present the cross sections for both the hologram and the two generated beams. As can be
seen in Figure 4(d), the experimental shaped beam (blue curve) is very close to the theoretical
one (red curve), with the same maximum positions.

Fig. 4. Hologram sensor in transmission configuration using a DMD with a 680 x 340
micromirrors matrix. a) Experimental hologram showing the Young’s interferences pattern
generated at the image focal plane of lens L2. b) Shaped Gaussian beams at the image
focal plane of lens L3. c) and d) show the horizontal intensity cross sections of a) and b)
respectively.

3.3. Modulation and demodulation

We have also built the sensor measurement technique in the reflection configuration, using a
Vialux V-650L NIR DMD SLM including a 1280 x 800 DLP650LNIR DMD from DLP Texas
Instruments. In this case the L1 and L2 lenses have a focal length of 75 and 100 mm, respectively,
and a NIR Mitutoyo X5 objective lens is used as lens L3. The frequency modulation of the 100
holograms sequence is fmod = 80 Hz. The In(x, y, t) input holograms generate two Gaussian
beams with a waist a = 8 µm and separated by D = 80 µm. In this set-up, P is a slit with 100 µm
width. The tunable laser is fixed at 1300 nm wavelength. The experimental interferometric signal
Ic(t) is represented in Figure 5(a). The signal Ic(t) shows a quite pure sinusoidal modulation that
follows Eq. (4). It is confirmed by the Fourier analysis of the signal over 100 cycles shown in
Figure 5(b): the main peak at 80 Hz is associated to the sinusoidal modulation. Considering
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this Fourier transformation of the interferometric signal Ic(t), we can retrieve both the amplitude
sAtestAref and the phase ϕtest from the complex value of the component at fmod = 80 Hz. We can
notice in the frequency domain, higher frequency components above fmod are harmonics of the
main modulation. These components are generated by the Lee algorithm and not by spurious
mechanical effects of the SLM. When we sum all the amplitude of theses harmonics, it represents
11% of the signal whereas the modulation at fmod 89% . This Fourier decomposition shows that
the modulated signal is quite pure. But the most important feature in this Fourier spectrum is the
ratio between the amplitude at fmod (0.69) and the noise around this frequency (around 2.10−5)
which leads to a ratio far better than 5000. This high dynamic range between the component at
fmod and the ground floor ensures extracted phase ϕtest with low noise.

Fig. 5. Modulation and demodulation for hologram sensor in reflection configuration on a
mirror surface. In a) the modulated interferometric signal Ic, in b) its Fourier transform.

3.4. Phase limit measurements and stability

Before placing a sample with a photonic sensor in the set-up, we have analyzed the stability of
the hologram sensors using a mirror on the sample stage of the reflection configuration set-up.
As presented in Figure 6, the RMS noise of the phase is 0.039 ◦, and in general this value lies
between 0.03 ◦ and 0.07 ◦ over the 30 minutes measurements period. This result shows the good

Fig. 6. a) Phase variation over time for a reflection configuration set-up and with a silver
mirror as sample and b) corresponding histogram. The red curve in b) is a Gaussian law
with a 0.039 ◦ standard deviation.
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Fig. 7. a) Schematic section of the Tamm Photonic Crystal. Example of theoretical intensity
(b) and phase shift (c) of a PC resonance due to temperature variation.

stability of our measurement set-up and experimentally demonstrates RMS noise values that are
near the well know limit of 0.01◦.

4. Application on a photonic crystal sensor

The interferometric method presented in this work can be validated for sensing applications,
using a photonic sensor as a sample. Here, we use a photonic crystal (PC) as the sensing device.
The PC is a Tamm plasmon photonic crystal [28]. We study it in this work as a temperature
sensor. Tamm plasmon modes are optical states localized at the interface between a dielectric
Bragg mirror and a thin metal layer. Figure 7(a) shows an artistic view of the device. The Bragg
mirror consists of 4 pairs of Si/SiO2 layers (thicknesses 107 nm/260 nm) designed to yield high
reflectivity in the 1300 nm wavelength region. As shown in Figure 8(a), The structured size is
a 50 µm x 50 µm square and the top metal structure is a patterned gold layer constituted by a
grating of gold stripes with 50 nm thickness, width w = 477 nm and periodicity p = 665 nm. The
optical response of a surface-addressed resonant structure for such PC is characterized by a Fano
profile in the reflected spectra; this intensity profile goes along with a phase jump which can be
drastic, depending on the interaction between the incident light and the device [20]. The blue
curves in Figure 7(b) and (c) show examples of theoretical intensity and phase responses of our
Tamm plasmon PC computed by FDTD. Because of the interaction of the transducer with its
environment, any change in the device vicinity (temperature variation, adsorption of molecules
or biochemical reactions, local refractive index change etc.) leads to a resonance shift, which is
illustrated in the red curves of Figure 7(c) in the case of a temperature change. The phase change
is reversible when the PC is heated (cooled) the wavelength of the resonance is red (blue) shifted.
When performing phase interrogation with the interferometric set-up, the phase shift is measured
at a fixed wavelength. The amplitude of the phase variation ∆ϕ, which is highlighted by the
vertical black line in Figure 7(c), is correlated to the physical quantity (here temperature) to be
detected.

The sample is placed in the experimental set-up with the reflection configuration and illuminated
at a fixed wavelength that has been chosen to be at the minimum of the peak resonance (i.e,
1297.4 nm in the experimental spectra of Figure 8(c). The sample is heated with a heating stage
suited from microscopy (model TC-E35x11 from Bioscience Tools) and supplied with a high
stability temperature controller (model TC 1-100-S from Bioscience Tools). The stability and
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Fig. 8. Phase measurement on a Tamm plasmon photonic crystal during heating. a) Top
view SEM image of several photonic crystals and a zoomed view of their nanostructuration.
The diamter of the beam size that illuminates the PC at its center is 16 µm which is smaller
than the PC size. b) Intensity reflectivity spectra showing the resonance. c) Phase variation
over time during cooling of the PC.

precision are around 0.1◦C and the temperature values on the sample have been calibrated with a
thermographic camera. The phase variation is recorded at the initial fixed wavelength. During
the variation of the temperature from 46◦C to 40◦C by steps of -3◦C, the sensor system detects
the phase shift with a step of nearly 8◦ as shown in Figure 8(c). This result demonstrates the
ability of the sensor to detect and to follow phase variations of a photonic crystal subjected to
temperature variation.

5. Discussion

Our hologram sensing technique presents several advantages that are key in order to reach
very low limits of detection. It is very stable and presents very low noise, despite the strong
attenuation of light during the propagation from the laser to the detector. This attenuation is
due to different contributions: (i) the DMD efficiency is around 1%, which is inherent to SLM
diffraction efficiency and to the Lee Method where most of the light is in the other order of
diffraction than the first order selected with the spatial filter SF; (ii) the beam splitter and the
slit (that filters only a fraction of the central fringe) also induce optical loss. All the losses lead
to an attenuation factor of 26 000. Despite this important loss, with a 10 mW laser power and
for a transducer yielding a reflectivity R = 10−4 at resonance, the noise due to the laser and the
detector generate a RMS phase error of 0.01◦ which is below the experimental phase fluctuations
reported above. In others words, regarding phase noise, the optical losses that are intrinsic to our
interferometric method are not the limiting factor, and we are able to measure the phase of the
transducer, even when the reflectivity intensity is very low.

The slit in front of the photo-detector plays a crucial role in the sensing sensitivity. There
is a tradeoff for the choice of the slit width: reducing it induces more losses, but at the same
time it improves the fringe visibility and it reduces the angle range of the incident light detected
by the photo-detector. Improving the fringe visibility enhances the signal ratio of the extracted
amplitude and phase from the measurement. Reducing the angle range is also of high interest in
order to measure high phase sensitivities. As discussed in our previous work [29], the phase
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sensitivity of PCs is drastically increased in the case of high-quality factor resonances and/or
when reaching the critical coupling, hence leading to higher-performance transducers. But at the
same time, this higher phase sensitivity means very sharp jumps of the phase vs. the wavelength.
Hence, a wide range of collection angles will smooth the phase jump, and will reduce the phase
sensitivity. On our reflection set-up, the angle range ∆θ is equal to Ws/f3 with Ws the width of the
slit and f3 the focal length of lens L3. This angle range is equal to 0.14◦ (to be compared with the
detection angle using a usual objective lens, which is usually several degrees). This means that
our hologram sensing technique enables to measure the phase reflectivity of the photonic device
with this small angle aperture, which is well suited for devices yielding very sharp phase jumps.

We do not discuss the LOD of our sensor which depends on both the phase noise of the
instrument and the phase sensitivity of the photonic sensor. In an other communication, it will be
presented the study of the phase sensitivity versus critical coupling and the physical paramaters
of the Tamm plasmon photonic crystal.

Besides its high potential to reach very low limits of detection, our hologram sensing technique
offers other technical advantages that can be of high interest for applications. First, it is based on
common-path interferometry, which means that an incoherent light source could be used instead
of a laser. This property comes from the fact that the interference fringes are included in the
Gaussian envelop, and that the difference of the optical path between the two beams is lower than
a limit ∆θ is equal to Ws/f3. In our experimental configuration, the ratio D/a is equal to 5, which
corresponds to a maximal optical length difference Lc of only 4 µm. This short coherence length
traduces very well that the hologram sensor is based on a common path interferometer. As Lc
corresponds to the minimal coherence length needed for the optical source, with a value as low
as 4 µm a LED or SLED can be used instead of a laser.

Secondly, the versatility of the DMS-SLM leads to large range of functionalities for the
presented interferometric method, which go beyond the work presented in this article and open
exciting perspectives to expand its field of application. In particular, with the DMD SLM the
holograms are reconfigurable, which means that we can simultaneously perform multiplexing
and beam shaping:

• i) multiplexing: our beam shape technique by SLM is able to shape many spots instead
of two beams (as an array or a matrix of spots) and in the same time we can assign an
independent phase modulation for each beam i with a ramp of phase with frequency fi that
follows Eq. (2). By FFT analysis of the photodiode signal each sinusoidal component with
its own frequency fi will be extracted. Consequently, with only one photodiode, we will be
able to follow the phase response of each beam that is located on each independent photonic
crystal. So we do not need moving stage or scanning sample to process multiplexing.

• ii) beam shaping: with the DMD-SLM the beam shaping possibilities can be pushed
further by replacing the Gaussian shape with a beam with a topological charge phase shape.
This beam shaping could be used to characterize and/or to optimize the sensing function
of photonic sensors with topological charges properties.

And finally, our hologram sensing method is also compatible with further implementations
that would increase the amount of information in the detected signal. In the initial set-up with
a slit, we have selected the response for an illumination at normal incidence. However, if the
slit and the photodetector were removed and replaced by a camera, it would enable to retrieve
the reflected or transmitted complex field s = s.eφtest for every angle of illumination θx = x/f3
and θy = y/f3 in x and y direction. The angular range of illumination in each direction could
be increased by reducing the size a of the Gaussian beam. Using this method, a complex 2D
reflectivity diagram can be achieved, leading to a phase sensor with 2D angular interrogation.
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6. Conclusion

In this work, we have proposed an original phase interrogation method for optical sensor
applications, which we called hologram sensing. It is a common-path pseudo-heterodyne
Young’s interferometer. We produce the Young’s experiment with two Gaussian spots that are
beam-shaped with a digital micro mirror device. The time modulation of the holograms that
probe the optical transducer with phase shifting is also allowed by the DMD, which is a fast
spatial light modulator. The originality of our interferometric method lies in the generation of an
input hologram sequence and in the collection of the perturbed hologram sequence at the output
by the optical transducer. We have provided a detailed description of the principle of the phase
measurement method, and designed a hologram sensor set-up for optical transducers that works
in transmission as well as in reflection. We have shown that the measurement has very good
stability with drastic reduction of drift, and that the experimental noise is not limited by the noise
of the laser or by the noise of the detection stage. Moreover, we have shown that the noise and
resolution of the phase that can be reached are at the state of the art. We have illustrated the
possibilities of this method by measuring the phase variation of a resonance on a Tamm plasmon
photonic crystal transducer upon heating, and demonstrated that the proposed technique keeps
its sensitivity even if the optical resonances yield very low reflected signal. Consequently, it
opens up the road for probing sensors at the limit of critical coupling, i.e., devices that provide
enhanced sensitivity, hence lower limit of detection. The other originality lies in the shaping and
control of the profile of the light.
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