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Parametric dependence of diffraction efficiency and sensitivity for surface relief

sinusoidal diffraction gratings in scalar diffraction theory

Model for refractive index dispersion in transparent materials

Sellmeier equation successfully describe the refractive index dependence on light wavelength for
transparent materials exhibiting normal dispersion.!* This model is a simplified version of the
Lorentz model of oscillating dipoles for the dielectric function of materials, where dissipation terms
are neglected (no absorption). The general form of the Sellmeier dispersion equation is: n?(1) —
1= AA%/(A*> — 23),where A and A are the amplitude and the resonance wavelength of the
oscillating dipoles, respectively. The validity of this model is restricted to wavelength regions far
from the resonance wavelength (located typically in the UV).

To evaluate the parametric dependence of the diffraction efficiency of a sinusoidal grating on the
grating amplitude 4 and light wavelength /4 within scalar diffraction theory, we consider PMMA and
Ti02 as exemplary low and high dispersion transparent materials in the VIS-NIR wavelength range.

According to Ref.> (PMMA) and Ref. * (TiO,), Sellmeier models for the two materials in this range,
shown in Figure S1, are:
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Figure S1. Sellmeier model for the refractive index dispersion n=n(}) of PMMA(a) and TiO2(b) in region
A=0.4-1.5 um.



Dependence of diffraction efficiency on wavelength and grating amplitude

According to scalar diffraction theory, the diffraction efficiency in the m” order produced by a
sinusoidal surface relief grating, in the ideal case depicted in Figure 1a on the main text, is
described in terms of Bessel functions of first kind and order m as:
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Nm(4 h,n) = |]m [n(n -1) %] eq. (S3)

By using a model for the refractive index dispersion n=n(4), the diffraction efficiency #, in this
model parametrically depends only on the wavelength and the grating amplitude #,= #x (4,4). This
consideration allows a deeper analysis of the combined influence of the grating structural parameter
h and light wavelength on the diffraction behavior of the grating. Figure S2a and Figure S2a show
this relation in the fist five diffraction orders (m=0, £1, £2) sinusoidal gratings made of PMMA and
Ti0,, respectively in parametric range (4 = 0 + 1.0 um; A = 0.4 — 1.0 um) compatible with the
experimental conditions of the experiment in the main text. Sellmeier relations in eq. (S1) and eq.
(S2) have been used in the simulation of the dispersion for the two materials.
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Figure §2. Parametric dependence of the diffraction efficiency in the first five orders produced by a
sinusoidal surface relief grating in scalar diffraction theory on the light wavelength 1 and grating amplitude
h. Sellmeier models for the refractive index dispersion of PMMA (a) and TiO2 (b) have been used. For
deeper insight, each panel shows also single parameter dependence for fixed wavelength (1=0.5 um, red
curves) and fixed grating amplitude (h=0.4 um, blue curves)



Dependence of efficiency sensitivity on wavelength and grating amplitude

The derivatives of eq. (S3) with respect to the parameters A and /4 can be used to define sensitivity
functions for the variations of the diffraction efficiency with the wavelength and grating amplitude:
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Figure S3 and Figure S4 show the plot of the grating amplitude sensitivity (panels a) and the
wavelength sensitivity (panels b) for PMMA and TiO; gratings, respectively. While the amplitude
grating sensitivity can be used to design the best grating amplitude optimizing the sensitivity to
diffraction efficiency variations in the desired wavelength range for the diffractive refractometer,
the wavelength sensitivity gives more details on the expected effectiveness of the method when a
single grating with fixed amplitude is used to investigate a large wavelength range, as in the case of
the experiment in Figure 4 of the main text. It is worth noting that higher dispersive materials (TiO:
here) show less sensitivity of diffraction efficiency variations with the wavelength, when compared
to lower dispersive materials (e.g. PMMA).
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Figure S3. Sensitivity for PMMA in the first five diffraction orders of the scalar diffraction theory for a
sinusoidal surface relief grating. (a) Sensitivity Sy, , to the parameter h and (b) sensitivity Sy, 5 to the
parameter 1. Sellmeier model (eq. (S1)) for refractive index dispersion has been used for n(1) in these
calculations.
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Figure S4. Sensitivity for TiO: in the first five diffraction orders of the scalar diffraction theory for a
sinusoidal surface relief grating. (a) Sensitivity Sy, , to the parameter h and (b) sensitivity Sy, 5 to the
parameter L. Sellmeier model ( eq. (S2)) for refractive index dispersion has been used for n(2) in these
calculations. The higher refractive index and dispersion of TiO,with respect to PMMA results in several
narrow bands of high sensitivity in the considered parameter space.
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