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Abstract
Nanoscale high-intensity illuminations can be produced by dielectric microspheres, which are used for super-resolution imag-
ing and optical nonlinear enhancement. Herein, a microscale chromatic dispersion assisted of a microsphere is experimentally 
presented. We find that a micro-iridescent focus can be generated from a microsphere put on a reflective nanograting under an 
oblique white-light illumination. The size of the micro-iridescent focus is smaller than the diameter of the microsphere, and 
the long wavelengths of light contributing to the micro-iridescent focus are distributed farther away from the microsphere. 
Furthermore, a curved-iridescent focus can also be obtained. Finally, it shows that the direction of the micro-iridescent focus 
is perpendicular to that of the reflective nanograting and the role of oblique illumination in experiments is discussed numeri-
cally. Our works present that a microsphere on a reflective nanograting can produce a microscale chromatic dispersion. This 
novel structure may have potential applications in the miniaturization of optical spectrometers.
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1 Introduction

The photonic nanojet (PNJ) is a new type of illuminating 
technique produced by a dielectric microsphere under a far-
filed optical illumination. Later studies indicated that the 
PNJ generated from a microsphere was a nanoscale high-
intensity focus [1–4]. Due to their ability to manipulate the 
light in a subwavelength high-intensity focus, dielectric 

microspheres have been successfully used in super-reso-
lution imaging [5–8] and optical nonlinear enhancement 
[9–11].

The complex structure composed of a microsphere and 
the observed object may cause a slight chromatic dispersion 
of white light. In [12], a slight chromatic dispersion could 
be observed in an optical microscope image of a 100 μm 
 BaTiO3 microsphere aligned on top of adenovirus clusters. 
The slight chromatic dispersion could also be seen in optical 
images of the grating under the microsphere, respectively, 
taken at a slant angle of 20 and 40 degrees in [13]. On the 
other side, we presented an optical switch for light-route 
selection depending on the incident light wavelength using 
a micro-cylinder under an asymmetric illumination in [14]. 
These results indicate that dielectric microspheres placed at 
the appropriate background can produce a microscale chro-
matic dispersion of white light. The microscale chromatic 
dispersion can provide potentials for miniaturizing disper-
sive optics.

In this work, a microscale chromatic dispersion assisted 
of a microsphere is experimentally investigated. Consid-
ering that the gratings are usually adopted for dispersive 
optics, a microsphere is put on DVD stripes and they are 
illuminated under an oblique white-light illumination. Two 
kinds of microscopes are used to observe the chromatic 
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dispersion. And the properties of the micro-iridescent focus 
are discussed. Finally, the relation between the direction of 
the micro-iridescent focus and the direction of DVD stripes 
is investigated, and the role of oblique illumination is dis-
cussed numerically.

2  Materials and methods

The method to obtain the microscale chromatic dispersion 
in this work can be briefly described as follows. Materi-
als for the microscale chromatic dispersion are shown in 
Fig. 1. A Keyence VHX-1000 microscope is chosen as one 
kind of microscope to provide a white-light illumination and 
obtain the images of the chromatic dispersion. The Keyence 
VHX-1000 microscope has two arms, one for DVD strips 
and microspheres detections and the other for observing 
the chromatic dispersion. The image of the DVD stripes is 
given in Fig. 1a. Two kinds of sizes of  BaTiO3 microspheres 
with 180 ~ 212 μm and 45 ~ 53 μm are adopted in our experi-
ments. The observed images taken by the Keyence VHX-
1000 microscope are shown in Fig. 1b for a  BaTiO3 micro-
sphere with a diameter ~ 210 μm and Fig. 1c for a  BaTiO3 
microsphere with a diameter ~ 52 μm, respectively. The 

chromatic dispersion can be easily observed near a micro-
sphere using the microscope. The other microscope consists 
of a 100X magnifier and a cellphone used to observe the 
micro-iridescent focus. The microscope with a 100X magni-
fier and a cellphone is also utilized to investigate the relation 
between the direction of the micro-iridescent focus and the 
direction of DVD stripes.

3  Results and discussion

The images of microspheres on three kinds of substrates 
taken by the Keyence VHX-1000 microscope are shown in 
Fig. 2. The structures are illuminated under the arm with 
a ring of white LED lighting. The images of the bigger 
size (180 ~ 212 μm) of  BaTiO3 microspheres on a silicon 
wafer and a Blu-ray disk [12] are shown in Fig. 2a and 
Fig. 2b, respectively. The image of both two kinds of sizes 
of  BaTiO3 microspheres put on DVD stripes in Fig. 1a is 
given in Fig. 2c. It shows that a pair of iridescent wings 
are symmetrically distributed around a microsphere. And 
the long wavelengths of light contributing to the iridescent 
wings are distributed farther away from the microsphere. 
The results shown in Fig. 2c indicate that the direction of the 

Fig. 1  Materials for the micro-
scale chromatic dispersion. a 
DVD stripes observed using the 
Keyence VHX-1000 micro-
scope, b a ~ 210 μm  BaTiO3 
microsphere seen using the 
Keyence VHX-1000 micro-
scope, and c a ~ 52 μm  BaTiO3 
microsphere seen using the 
Keyence VHX-1000 microscope

Fig. 2  The images of microspheres on three kinds of substrates. a A 
bigger size (180 ~ 212 μm) of  BaTiO3 microsphere on a silicon wafer, 
b the bigger size of  BaTiO3 microsphere on a Blu-ray disk, and c 

both two kinds of sizes of  BaTiO3 microspheres on DVD stripes. The 
enlarged image of the smaller size of  BaTiO3 microsphere on DVD 
stripes is shown in the inset (c)
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iridescent wings is independent of the diameters of micro-
spheres. However, there are no chromatic dispersions when 
the microspheres are put on a silicon wafer or a Blu-ray disk 
shown in Fig. 2a and Fig. 2b. Due to the ring of white LED 
lighting, it is complicated to analyze the results shown in 
Fig. 2. In the following parts, we chose a simple microscope 
with a single white LED lighting for investigating the chro-
matic dispersion of microspheres on DVD stripes.

In Fig. 3a, the bigger size of  BaTiO3 microspheres on 
DVD stripes, which have a strong chromatic dispersion 
under a white-light illumination, is placed under a 100X 
magnifier. Then, the enlarged images are taken by a cell-
phone. In Fig. 3b, the 100X magnifier is presented. It has a 
white LED lighting for providing an oblique white-light illu-
mination. The images of the bigger size of  BaTiO3 micro-
spheres put on a Blu-ray disk and the DVD stripes shown in 
Fig. 1a obtained by the microscope shown in Fig. 3a are pro-
vided in Fig. 3c and Fig. 3d, respectively. And the image of 
the bigger size of  BaTiO3 microspheres on the DVD stripes 
shown in Fig. 3a is given in Fig. 3e. By comparison, a micro-
iridescent focus can be observed when  BaTiO3 microspheres 
are put on the two kinds of DVD stripes. While, there is no 
chromatic dispersion of a microsphere put on a Blu-ray disk. 
The micro-iridescent focus with a “Jet” shape is enlarged 
in the insert I of Fig. 3e. While in the insert II of Fig. 3e, 
a, “Hook” shape is enlarged. The pattern of the “Jet” shape 
is similar to that of a PNJ. And the pattern of the “Hook” 
shape is similar to that of a photonic hook [15–17], which 
is a curved jet. From Fig. 3e, it can be seen that there is a 

shadow near the microsphere and the micro-iridescent focus 
is distributed inside of the shadow. It is also indicated that 
the length of the micro-iridescent focus is shorter than the 
diameter of the microsphere. In contrast, the micro-irides-
cent focus has the same color position distribution as the pair 
of iridescent wings obtained in Fig. 2c, whose long wave-
lengths are distributed farther away from the microsphere. 
And the “Jet” shape and the “Hook” shape can be changed 
by moving the magnifier shown in the attached video.

To obtain the relation between the direction of the micro-
iridescent focus and the direction of DVD stripes, the placed 
direction of the magnifier shown in Fig. 3a is changed. The 
diagram for the change direction of the magnifier is shown 
in Fig. 4a, and the observed results with the direction of the 
magnifier shown in Fig. 4a are shown in Fig. 4b, c. There are 
huge differences between the chromatic dispersion shown in 
Fig. 3e and Fig. 4b. In Fig. 4b, there is no shadow near the 
microsphere. The chromatic dispersion is distributed on both 
sides of the microsphere. By comparison, the projection of 
the incident light on the DVD surface is mainly along the 
radial direction of the DVD shown in Fig. 3a, while that 
is mainly along tangential direction of the DVD shown in 
Fig. 4a. However, the directions of the chromatic dispersion 
both in Fig. 3a and Fig. 4a are mainly along the radial direc-
tion. It indicates that the direction of the micro-iridescent 
focus shown in the insert I of Fig. 3e is perpendicular to the 
DVD stripes.

The microscale chromatic dispersion is different from 
the iridescent structural color shown in [18]. The generation 

Fig. 3  A micro-iridescent focus 
generated from a microsphere 
on two kinds of stripes. a A 
microscope consists of a magni-
fier and a cellphone for observ-
ing the micro-iridescent focus, 
b the 100X magnifier shown in 
(a) with a white LED lighting 
providing an oblique white-light 
illumination, c the image of 
microspheres on Blu-ray disk, 
d the image of microspheres 
on the DVD stripes shown in 
Fig. 1a, and e the image of the 
micro-iridescent focus from 
microspheres on another kind of 
DVD stripes including a “Jet” 
shape enlarged in insert I and 
a “Hook” shape enlarged in 
insert II
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of the micro-iridescent focus profits from the microscale 
illumination provided by the microspheres. The properties 
of the micro-iridescent focus are mainly related to the diam-
eter and the refractive index of the microsphere, the sizes 
of the DVD stripes, and the relation between the direction 
of the incident light and the direction of the DVD stripes. 
Although there are not enough detailed experiments to show 
how these parameters affect the micro-iridescent focus, we 
provide a new kind of microscale chromatic dispersion. Our 
results provide a novel way to miniaturize dispersive optics 
[19].

In our experiments, the oblique illumination is similar 
to that shown in [20, 21]. In [20, 21], the oblique irra-
diation of a microsphere was used to make special nano-
structures. It was indicated that the nanodent center posi-
tions kept away from the contact point of the sphere and 
the supporting surface in [20], when the incident angle 
increased. To study the role of the oblique irradiation in 
our experiments, we simulate a 2D model and the results 
are shown in Fig. 5. The simulated method can be found in 
[3] and the medium of the mirror is set to gold. In [22], it 
presented that the maximum intensity was not distributed 
at the touch point of the sphere and the supporting surface, 
when the incident light was illuminated vertically. It can 
be seen that the maximum intensity is not at the shadow of 
the cylinder when the incident angle is chosen as θ = 10° 
in Fig. 5b. When the incident angle is selected as θ = 20°, 
the maximum intensity appears between the cylinder and 
the supporting mirror in Fig.  5c, while the maximum 
intensity in Fig. 5c is about more than two times of that in 
Fig. 5a. As the incident angle turns into θ = 30°, the maxi-
mum intensity moves to inside of the cylinder in Fig. 5d. 
In [23], it presented that the oblique irradiation caused 
high diffracted mode reflected from samples propagating 
through the sphere to enhance the image contrast. In [24], 

it was demonstrated that one could use the characteristic 
parameters of the PNJ of the solid microspheres observed 
with monochromatic light with suitable λ to interpret the 
experimental results obtained with the PNJs generated 
by polychromatic light, such as the white LED illumina-
tion. Moreover, it indicates that the structure consisted of 
a  BaTiO3 microsphere on a reflective surface could not 
produce a dispersion in Fig. 2a. Based on the above, a 
microscale and high-intensity illumination can be pro-
vided by the structure composed of a  BaTiO3 microsphere 
on DVD stripes illuminated under an oblique white LED 
irradiation with an appropriate angle. Then, the microscale 
and high-intensity white illumination is dispersed by the 
nano-stripes of the DVD and the micro-iridescent focus is 
collected by the camera.

4  Conclusion

In conclusion, a microscale chromatic dispersion assisted 
by a microsphere is experimentally presented. We find that 
a micro-iridescent focus can be generated from a  BaTiO3 
microsphere on DVD stripes under an oblique white-light 
illumination. The long wavelengths of light contributing to 
the micro-iridescent focus are focused farther away from 
the microsphere. The length of the micro-iridescent focus is 
shorter than the diameter of the microsphere. And a curved-
iridescent focus can also be observed in the microscope. It 
is confirmed that the direction of the micro-iridescent focus 
is perpendicular to that of DVD stripes. In future work, the 
properties of the chromatic dispersion of a microsphere on 
a reflective nanograting will be studied in detail. This novel 
structure may have potential applications in the miniaturiza-
tion of optical spectrometers.

Fig. 4  The chromatic dispersion with another direction of the 100X 
magnifier. a A microscope consists of a magnifier and a cellphone, 
where the direction of the magnifier is different from Fig. 3a, b the 
chromatic dispersion of a bigger size of  BaTiO3 microsphere with 

the microscope shown in (a), and c the chromatic dispersion of two 
 BaTiO3 microspheres with the same size shown in (b) under the 
microscope shown in (a)
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tary material available at https:// doi. org/ 10. 1007/ s00339- 022- 05744-1.
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