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In this Supplementary Material, aditional experimental details and an additional discussion of the interpreta-
tion of Fourier-space images can be found. Moreover, the effect of the objective properties on the “condenser
effect” (which is due to spurious reflections in the objective) is examined.

ADDITIONAL EXPERIMENTAL DETAILS

Figure S1 shows schematically an additional illumina-
tion configuration used in this study. Similarly to the
configurations shown in Figs. 1(a) and 1(b) in the ar-
ticle, the initial illumination is through the transparent
substrate, and the objective lens is used for both the illu-
mination of the sample and for the collection of the light
that is reflected or back scattered (episcopic configura-
tion). The initial light beam from a CW linearly polar-
ized He-Ne laser (vacuum wavelength λ0 = 632.8 nm) is
collimated, with variable angles of incidence (θinc > 0○).
This configuration is similar to a Surface Plasmon Reso-
nance (SPR) systemS1, where the internal interface of a
metal-coated glass slide is illuminated with a collimated
light beam and the intensity of the reflected light is mea-
sured as a function of the polar angle of incidence. An
intensity minimum is expected at an angle where the in-
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Figure S1. Schematics of an additional illumination configu-
ration used in this study. The sample is illuminated through
the substrate with a collimated laser beam of variable an-
gle of incidence and the reflected and back-scattered light is
collected in reflection using the same objective lens.
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cident light resonantly couples to surface plasmon po-
laritons (SPPs) at the external interface of the metal-
lic layer. The SPP wavevector may be determined from
the angular position of this dip in intensity. Here, in an
adaptation of this technique we not only monitor the in-
tensity of the reflected beam but also that of the light
back-scattered at other angles from the periodic array,
leading to a complementary method for measuring the
SPP wavevector.

ADDITIONAL DISCUSSION OF THE INTERPRETATION
OF FOURIER-SPACE IMAGES

In Sec. IIIA in the article, we describe an effect that is
responsible for the occurrence of narrow rings at a radius
slightly below the numerical aperture of the objective
(NA=1.49 in the present case) in certain Fourier-space
images. These Fourier-space images are of nanodot ar-
rays on transparent or semi-transparent substrates and
have been obtained in a reflected light illumination con-
figuration with a focused laser beam. This first effect
is due to a well-known optical phenomenon where light
undergoes a phase shift upon total internal reflection at
a dielectric-dielectric interfaceS2,S3. A second effect, oc-
curring inside the microscope objective, may further shift
the phase of the reflected and diffracted light at super-
critical angles, depending on the type of microscope ob-
jective used. The evanescent field of an emitter in a di-
electric medium and close (< λ) to a second dielectric of
higher index of refraction can couple to the photonic (or
propagating) modes of the second medium. The result-
ing emission of light at supercritical angles is known to
be phase shifted to compensate for the phase mismatch
between the resulting waves in the two different media of
different indices of refraction (see Ref. S4 on p.353). This
shift increases with emission angle. In principle, this ef-
fect should not play a role in the present study, since we
are measuring the emission that is totally internally re-
flected and not molecular (dipole) emission; however, the
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optics of high-NA, oil-immersion, microscope objectives
are specifically corrected for this effect, when they are
designed for total-internal-reflection fluorescence (TIRF)
microscopy, in order to restore the optimal point spread
function of the microscope. The phase shift is compen-
sated by introducing a phase delay that is dependent on
the polar angle. In the illumination configuration used
here, the light beam wavefront is thus modified twice
(when going in and then out of the objective after reflec-
tion). This is expected to increase the total phase shift
undergone by light upon total internal reflection.

Now, we discuss the x/y asymmetry of the Fourier-
space images of the nanodot array shown in Fig. 3 in
the article, which is more pronounced than that of the
structureless area shown in Fig. 3(d). The intensity is
higher along the x axis, as is clearly visible in the in-
tensity ratio shown in Fig. 3(e). This is due to the fact
that the relative amplitude and phase of the scattered
light beams from the periodic array depend on the (i, j)
diffraction orders considered and the incident light polar-
ization. The intensity pattern seen in Fig. 3(c) is indeed
rotated by 90○ when the polarization is changed from
Einc ∥ y to Einc ∥ x.

EFFECT OF THE OBJECTIVE PROPERTIES ON THE
“CONDENSER EFFECT”

Finally, we examine the effect of the objective proper-
ties on the “condenser effect”, with the aim of showing
that this artifact is not specific to a particular micro-
scope objective. Figure S2(a) shows a picture of two
high-NA, oil-immersion, microscope objectives. On the
right is the Nikon 100× 1.49 NA objective used for all the
experiments reported in the article and the supplemen-
tal material, with the exception of the present Section.
On the left is a different objective from another company
(an Olympus PlanApoN TIRF objective), which differs
in magnification factor (60×) and NA (1.45). Moreover,
the front lens of the Olympus objective is held by a dark
casing, presumably to prevent reflection issues, in con-
trast to the shiny metallic casing of the Nikon objective.
To investigate whether changing these parameters has an
impact on the “condenser effect”, we carry out once again
the same experiments as those performed in Figs. 4(b)
and 4(c) in the article, but this time using the Olympus
60× 1.45 NA objective. In practice, the Olympus objec-
tive is mounted on the Nikon revolving noisepiece using
a 15 mm length expander and an RMS-to-M25 thread
adapter (Olympus and Nikon objectives have different
parfocal distances and thread types).

The resulting Fourier-space images are shown in
Figs. S2(b) and S2(c) and intensity profiles taken from
the image on the right are shown in Fig. S2(d). The
same artifacts as observed with the Nikon objective may
be seen. Both the geometry of the features observed in
Figs. S2(b) and S2(c) and their relative intensity com-
pared to the (0,0) spot are similar to those measured in
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Figure S2. (a) Picture of an Olympus 60× 1.45 NA oil ob-
jective on the left and a Nikon 100× 1.49 NA oil objective
on the right. This Nikon objective is used in all the other
experiments discussed in the article. [(a) and (b)] Fourier-
space optical microscopy images of a 400 × 400 nm periodic
gold nanodot array on bare glass measured with the Olym-
pus 60× 1.45 NA oil objective shown in (a). All images are
obtained in a transmitted light illumination configuration us-
ing a collimated white light beam with normal incidence, as
shown in Fig. 2(c). Bandpass filters with a 13 nm bandwidth
centered on a wavelength of 650 nm is used in (b) and 740 nm
in (c), respectively. The intensity scale shown on the right is
normalized with respect to the (0,0) spot intensity. (d) In-
tensity profiles taken from the image shown in (c) along the
kx-axis.

Figs. 4(b) and 4(c), respectively. In particular, whatever
the external aspect (dark vs. shiny) of the casing that
holds the front lens, the intensity of the off-centered rings
due to the “condenser effect” is about 0.1% of that of the
(0,0) spot. However, the radius of the rings is smaller
than in Fig. 4, presumably due to the lower NA of the
Olympus objective. Moreover, a disk is again seen in the
middle of the Fourier-space image. The radius of this
disk is k∥/k0 = 0.83 (i.e., 33○).
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