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in the past decade. Although it is origi-
nally proposed in quantum mechanical 
systems, the physical origin of BICs is 
derived from the wave interference effect. 
Therefore, the concept of BIC has been 
extended to many classical wave systems, 
and extensive experimental verifications 
of BICs have been realized.[2–13] It is noted 
that photonic structures possessing BICs 
usually contain resonant modes with 
ultrahigh Q-factors, making those exotic 
states have important applications.[14–19] 
To date, most of previous investigations 
are focused on photonic BICs with a cer-
tain polarization. Some recent theoretical 
studies have shown the existence of vector 
BICs,[20,21] which exhibit the full-vector 
polarization with respect to a pair of 
orthogonal modes. The proposed vector 
BICs can play key roles in the surface-
enhanced detection technologies assisted 
with vector near fields.

On the other hand, chirality refers 
to the property that an object cannot be superimposed onto 
its mirror image.[22] It exists in most biomolecules as well as 
chemically synthesized drugs. The molecular activity is often 
determined by their handedness.[23,24] Thus, the high-efficient 
discrimination of chiral enantiomers is critically important.[25,26] 
Superchiral field, which possesses a larger optical chirality 

Bound states in the continuum (BICs) provide an important way for creating 
photonic devices reliant upon optical modes with high Q-factors. However, 
current experimental implementations of BICs in photonic crystal (PhC) slabs 
only possess a certain polarization, which fundamentally restricts their use to 
surface-enhanced applications assisted by scalar-polarized near fields. In this 
work, vector BICs in PhC slabs are theoretically designed and experimentally 
realized. In theory, the symmetry-protected vector BICs can be constructed 
by tuning geometric parameters of the PhC slab, where the coalescence of 
eigenfrequencies for a pair of TE- and TM-like modes appears. It is found that 
the homogeneous superchiral fields with three orders of magnitude larger 
than circular polarized lights can be achieved, assisted by vector quasi-BICs. 
Furthermore, Si3N4 PhC slabs are experimentally fabricated and their band 
structures are measured. It is shown that a pair of symmetry-protected BICs 
with TE- and TM-like polarizations can coalesce with each other at a suitable 
value for the diameter of array holes, indicating the realization of vector BICs. 
This work can possess important applications in the field of ultrasensitive 
detections of molecular chirality.
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1. Introduction

Bound states in the continuum (BICs) are localized resonant 
states in open systems that cannot couple with radiating chan-
nels. It was first proposed by Neumann and Wigner in 1929 
within an electronic system,[1] and has attracted much interest 
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than circular polarized light (CPL), can significantly enhance 
the molecular chiroptical effect, allowing for the ultrasensitive 
detection of chiral molecules. In this case, the investigation of 
superchiral fields has bloomed in the last ten years, and intense 
theoretical and experimental studies have been devoted to the 
generation of superchiral near fields with the help of artificial 
nanostructures.[27–31] While, most previous nanostructures are 
suffering from many problems, such as high optical losses,[32–41]  
extrinsic CD caused by the nanostructure itself [40] and coex-
istence of chiral near fields with different handedness.[32–41] 
To solve those problems, suitably engineered low-loss achiral 
nanostructures, which exhibit high Q-factors and the simulta-
neously excitation of two orthogonal polarization modes, are 
required. In this case, the vector BICs with high Q-factors and 
dual-polarization mode profiles, can be regarded as an ideal 
candidate to fulfill the surface-enhanced chiral detection. How-
ever, up to date, all of previous works on the vector BICs are 
focusing in theory, and no experimental demonstration on the 
existence of vector BICs has been carried out.

In this work, we provide the first experimental observation 
of vector BICs in PhC slabs. We show that the symmetry-pro-
tected vector BIC can be constructed by suitably tuning geo-
metric parameters of the PhC slab, where the formation of 

vector BIC is confirmed by the coalesce of eigenfrequencies 
of a pair of transverse-electric (TE)- and transverse-magnetic 
(TM)-like BICs at the center of momentum space. Moreover, we 
find that the homogeneous superchiral fields with three orders 
of magnitude larger than CPLs can be achieved by suitably 
exciting the vector quasi-BICs. Such a strong enhancement is 
the largest one in current state-of-the-art designs. Furthermore, 
we experimentally fabricate Si3N4 PhC slabs with different sizes 
of cylinder holes, where the associated band structures are 
measured. We find that the vector BIC with a dual polarization 
appears with a suitable size of hole diameters. Our work sug-
gests a useful way to realize ultrasensitive detections of mole-
cular chirality.

2. The Theoretical Design of Vector BICs  
in Photonic Crystal Slabs
We start to consider a Si3N4 PhC slab with a square array of 
cylindrical holes coated on the silica substrate, as shown in 
Figure 1a. The period and thickness of PhC slab are labeled by 
a and h, and the diameter of holes is marked by d. The refrac-
tive indexes of background medium, PhC slab, and substrate 
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Figure 1. a) The Diagram of the symmetric photonics crystal slab. The parameters are chosen as a = 270 nm, t = 154 nm, np = 2.02, and ns = 1.47, 
respectively. b) Band structure of the photonic crystal slab with a = 270 nm, t = 154 nm, d = 155 nm. The different resonance modes are labelled as 
TEA/TEB/ TEC1/ TEC2, and TMA/TMB1/TMB2/TMC. respectively. TEA, TEB, TEC1, and TEC2 modes are represented by black squares, dark green circles, 
green triangles, and light green stars, while TMA, TMB1, TMB2, and TMC modes are represented by half-filled wine circles, red squares, pink triangles, 
and orange stars. c) Eigenstates of all these resonance states at Γ point. d) Q-factors of TE-like modes. Black squares, dark green circles, and light 
green stars represent Q-factors of TEA, TEB, and TEC2 modes, respectively. Green triangles represent the Q-factor of TEC1 mode. e) Q-factors of TM-like 
modes. Half-filled wine circles, red squares, and orange stars represent Q-factors of TMA, TMB1, and TMC modes, respectively. Half-filled pink triangles 
represent the Q-factor of TMB2 mode.
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are marked by nb, np, and ns, respectively. To create an opti-
cally symmetric environment, the refractive indexes of back-
ground and substrate are set to the same (nb  = ns  = 1.47). We 
calculate the band structure of PhC slab with parameters being 
a  = 270  nm, d  = 155  nm, h  = 154  nm, and np  = 2.02. There 
are a series of TE-like and TM-like resonance modes, which are 
labeled as TEA/TEB/TEC1/TEC2 and TMA/TMB1/TMB2/TMC, as 
shown in Figure 1b. TEA, TEB, TEC1, and TEC2 modes are repre-
sented by black squares, dark green circles, green triangles, and 
light green stars, while TMA, TMB1, TMB2, and TMC modes are 
represented by half-filled wine circles, red squares, pink trian-
gles, and orange stars. Eigenstates of different photonic modes 
at Γ point are shown in Figure 1c. Among all these states, TEC1, 
TEC2, TMB1, and TMB2 are double-degenerate eigenmodes, 
which possess radiation losses. The field distribution of TEC1 
and TMB1 can be obtained from TEC2 and TMB2 through a π/2 
rotation. The remained four resonant states (TEA, TEB, TMA, 
and TMC) are symmetry-protected BIC modes. Figure  1d,e 
presents the calculated Q-factors of TE- and TM-like modes, 

respectively. It is clearly shown that Q-factors of TE- and TM-
like BICs are extremely high compared to double-degenerate 
leaky eigenmodes, meaning the dramatically suppressed radia-
tion losses of BICs.

By tuning the geometric parameters of the PhC slab, the 
eigen-wavelengths of a pair of orthogonal BICs can coalesce 
with each other, giving rise to the merged BIC, which is called 
as the vector BIC. Figure 2a shows the evolution of these TE-
like and TM-like modes at Γ point as a function of the diameter 
of nanoholes. Here, TEA, TEB, TEC1&TEC2 modes are indicated 
by black squares, dark green circles, and light green stars. TMA, 
TMB1&TMB2, and TMC modes are denoted by half-filled wine 
circles, red squares, and orange stars. The remained parame-
ters of PhC slab are chosen to be a = 270 nm, np = 2.02, ns = 
nb = 1.47 and t = 154 nm, respectively. We can see that the eigen-
wavelengths of all modes are decreasing with the increase of 
the diameter of nanoholes. If the diameter is relatively large 
(d  >145.5  nm), TEB mode has a smaller eigen-wavelength 
compared to TMA mode. However, with the decrease of the 
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Figure 2. a) Eigen-wavelength changes of TE-like and TM- like modes with different diameter of nanoholes. The remained parameters of PhC slab 
are chosen to be a = 270 nm, np = 2.02, ns = nb = 1.47, and t = 154 nm, respectively. TEA, TEB, TEC1&TEC2 modes are indicated by black squares, dark 
green circles, and light green stars. TMA, TMB1&TMB2, and TMC modes are denoted by half-filled wine circles, red squares, and orange stars. b,c) Band 
structures of photonic crystal slabs with d = 145.5 nm (b), and d = 145 nm (c). The other parameters are a = 270 nm, np = 2.02, ns = nb = 1.47 and t = 
154 nm, respectively. The insets show the enlarged band structures of TEB and TMA around Γ point. d) Eigen-wavelength changes of TE-like and TM-
like modes with different photonics crystal slab thickness. Other parameters of the PhC slab are chosen to be a = 270 nm, np = 2.02, ns = nb = 1.47, 
and d = 140 nm, respectively. TEA, TEB, TEC1&TEC2 modes are indicated by black squares, dark green circles, and light green stars. TMA, TMB1&TMB2, 
and TMC modes are denoted by half-filled wine circles, red squares, and orange stars. e,f) Band structures of photonic crystal slabs with t = 167 nm 
(e), and t = 162 nm (f). The other parameters are a = 270 nm, np = 2.02, ns = nb = 1.47, and d = 140 nm, respectively. TEA, TEB, TEC1, and TEC2 modes 
are represented by black squares, dark green circles, green triangles, and light green stars, while TMA, TMB1, TMB2, and TMC modes are represented 
by half-filled wine circles, red squares, pink triangles, and orange stars, respectively.
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diameter, the eigen-wavelength for TEB mode increases much 
faster than that of the TMA mode, and, at a certain point, these 
two modes merge with each other, giving rise to a vector BIC. 
This formation of vector BIC can be demonstrated more clearly 
by calculating the evolution of band structures. As for the case 
with d = 155  nm, the eigen-wavelength of TEB mode is much 
smaller than that of TMA mode, and these two bands are far 
from each other, as shown in Figure  1b. When the diameter 
gets smaller, eigen-wavelengths of TEB and TMA get closer 
and become coincident at Γ point at d  = 145.5  nm, as shown 
in Figure 2b. The bands of TEB and TMA modes are superpo-
sition with each other around Γ point, as seen in the inset of 
Figure  2b, indicating the formation of vector BIC. By further 
decreasing the diameter, the eigen-wavelength of TEB will get 
larger than that TMA of at Γ point, making these two bands 
have cross points around Γ point. The band structure of PhC 
with d  = 145  nm is shown in Figure  2c, the two cross points 
of TEB and TMA around Γ point are shown in the inset of 
Figure 2c. These two cross points are vector quasi-BICs.

Besides of the diameter of array holes, vector BICs can also 
be design in the PhC slab by varying the thickness of the PhC 
slab. Figure  2d shows the evolution of eigen-wavelength for 
these TE- and TM-like modes at Γ point as a function of the 
thickness of PhC slabs. Other parameters are chosen to be a = 
270 nm, np = 2.02, ns = nb = 1.47, and d = 140 nm, respectively. 
There are three points where eigen-wavelengths of TE- and 
TM- like modes coalesced, that are TEB and TMA coalesced at 
h = 167 nm, TEC1/TEC2 and TMA coalesced at h = 124 nm, and 
TEC1/TEC2 and TMB1/TMB2 coalesced at h  = 172  nm. Among 
these points, only the first point (where TEB and TMA coalesced 
at h = 167 nm) is formed by two BIC states, corresponding to 
a vector BIC. The band structure of PhC slab with thickness 
being 167  nm is shown in Figure  2b. It is shown that bands 
of TEB mode and TMA mode are overlap with each other at Γ 
point, indicating the formation of a vector BIC. When the PhC 
thickness gets even smaller, the eigen-wavelength of TEB mode 
is larger than that of TMA mode, and these two bands can have 
cross points around Γ points, as shown in Figure 2c.

In addition, with the tuning of other parameters (such as the 
period of PhC slab), vector BICs can also be formed by merging 
other BIC modes (such as TEA, TMC, etc.). In the following, we 
mainly focus on the vector BIC formed by TEB and TMA modes 
to illustrate the exotic properties of vector BICs.

3. Giant Superchiral Fields Generated by Vector 
BICs
In this part, we show that vector BICs can produce strong and 
single-handed superchiral fields, which enable the ultrasen-
sitive chirality detection. Early works proposed by Tang and 
Cohen[42,43] have shown that superchiral fields, which possess 
larger optical chirality than CPLs, can significantly enhance 
molecular chiroptical effects, allowing for ultrasensitive detec-
tion of chiral molecules. Motivated by this work, there are 
various works studying the creation of superchiral near fields 
by artificial structures. According to the definition of optical 
chirality ( )/20C Im E Bε ω= − ∗⋅ , it is noted that there are two 
requirements for the generation of homogeneous superchiral 

fields. The first is that the enhanced E and B fields should 
have a large spatial overlap, and are parallel with each other. 
The second is that a π/2 phase shift between these two modes 
should exist. Due to the ultrahigh Q-factors of both TE-like and 
TM-like BICs, the electric and magnetic fields can be greatly 
enhanced around Γ point. Besides, the magnetic (electric) fields 
of TEB mode is paralleled to the electric (magnetic) field of TMA 
mode. In this consideration, our proposed vector BICs can gen-
erate extremely enhanced superchiral fields by exciting the PhC 
slab with CPLs.

To illustrate this effect, we calculate the enhancement of 
chiral field (C/C0) around the PhC slab with different diameters 
of holes. Here, C0 represents the chiral field of CPLs, and C rep-
resents the averaged chiral field around the PhC slab. Figure 3a 
shows the enhancement of chiral field under the normal excita-
tion with d = 155 nm. We can see that the chiral field enhance-
ment is near zero at TEB or TMA modes, as indicated by arrows 
in Figure 3a. This is consistent to the fact that BIC modes are 
dark states, that cannot be excited. In addition, there is a small 
enhancement of chiral fields around double-degenerated states 
of TEC1&TEC2 and TMB1&TMB2, which are closed to each other 
to create a quasi-fourfold degenerated state, as marked by arrow 
“A” in Figure  3a. The corresponding transmission spectrum 
is presented in Figure  3b, which is in a good agreement to 
the enhancement of chiral field and the band structure calcu-
lated above. For the oblique incidence with k = 0.0276 rad m−1, 
which corresponds to an incident angle of 0.93°, all modes of 
TEC1&TEC2, TMB1&TMB2, TEB, TMA, and TEA are excited. How-
ever, the quasi-BIC modes are apart from each other, making 
the enhancement of chiral near fields become small, as shown 
in Figure 3c.

Figure 3e shows the chiral field enhancement under normal 
excitation for PhC with d  = 145.5  nm, which possesses vector 
BIC at Γ point. Because BIC modes are hard to excite, the chiral 
field enhancement is still near zero, as indicated by the arrow 
in Figure 3e,f shows the corresponding transmission spectrum. 
We can see that there are only two valleys corresponding to 
the two double-degenerate states (TEC1&TEC2, TMB1&TMB2), 
and BIC modes are not excited, being accordance with the 
enhancement of chiral fields. Figure  3g shows the enhance-
ment of chiral field at k = 0.0276 rad m−1 and the corresponding 
transmission spectrum is plotted in Figure  3h. It is shown 
that modes of TEB and TMA are excited, but they are not coa-
lesced with each other. Therefore, there is only mild chiral field 
enhancement around TEB and TMA, as marked by the arrow in 
Figure 3g.

As seen from the above calculation, although the vector BIC 
has great potential to create giant chiral field enhancement, it is 
hard to be excited. Thus, we choose quasi-BIC states to achieve 
homogeneous superchiral fields. Figure 3i shows the chiral field 
enhancement under normal excitation for PhC with d = 145 nm. 
At Γ point, modes of TEB and TMA are apart from each other, and 
the chiral field enhancement is near zero at TMA or TEB modes. 
The transmission spectrum in Figure  3j is consistent with the 
chiral field enhancement. As for k  = 0.0276  rad m−1, Q-factors 
for TEB and TMA modes are still very large. Thus, the electric 
and magnetic near fields for these two modes are also greatly 
enhanced. In addition, as seen from the transmission spectrum 
in Figure 3l, these two modes are effectively excited and are totally 
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coalesced. Hence, the conditions of the chiral field enhancement 
are fulfilled. As seen in Figure 3k, this quasi-vector BIC generates 
a three orders of magnitude amplification of chiral fields, which 
has never been achieved in previous studies. Besides, the chiral 
field is homogeneous all over the PhC, as seen in the inset of 
Figure  3k. In addition, because of the larger Q-factor, this field 
enhancement could be more enormous with proper design to 
make the cross points of TEB and TMA closer to Γ point.

4. Experimental Observation of Vector BICs

In this section, we illustrate the observation of vector BICs in 
experimental. First, many Si3N4 photonic crystal slabs with dif-
ferent sizes of nanoholes are fabricated on the silica substrate, 
where the structural parameters are consistent to that used in 
simulations. A layer of Si3N4 with the thickness of 154  nm is 
deposited on the silica substrate. Then, a series of cylindrical hole 

Adv. Optical Mater. 2023, 2203118

Figure 3. a) Chiral field enhancement for Si3N4 PhC under normal excitation with parameters of a = 270 nm, h = 154 nm, nb = ns = 1.47, and d = 155 nm. 
b) Transmission spectra of Si3N4 PhC under normal excitation with parameters of a = 270 nm, h = 154 nm, nb = ns = 1.47, and d = 155 nm. c) Chiral 
field enhancement for Si3N4 photonic crystal slabs with parameters of a = 270 nm, h = 154 nm, nb = ns = 1.47, and d = 155 nm at k = 0.0276 rad m−1, 
corresponding to an incident angle of 0.93°. d) Transmission spectra of Si3N4 photonic crystal slabs with parameters of a = 270 nm, h = 154 nm, nb = 
ns = 1.47, and d = 155 nm at k = 0.0276 rad m−1, corresponding to an incident angle of 0.93°. e) Chiral field enhancement for Si3N4 PhC under normal 
excitation with parameters of a = 270 nm, h = 154 nm, nb = ns = 1.47, and d = 145.5 nm. f) Transmission spectra of Si3N4 PhC under normal excitation 
with parameters of a = 270 nm, h = 154 nm, nb = ns = 1.47, and d = 145.5 nm. g) Chiral field enhancement for Si3N4 photonic crystal slabs with para-
meters of a = 270 nm, h = 154 nm, nb = ns = 1.47, and d = 145.5 nm at k = 0.0276 rad m−1. h) Transmission spectra of Si3N4 photonic crystal slabs with 
parameters of a = 270 nm, h = 154 nm, nb = ns = 1.47, and d = 145.5 nm at k = 0.0276 rad m−1. i) Chiral field enhancement for Si3N4 PhC under normal 
excitation with parameters of a = 270 nm, h = 154 nm, nb = ns = 1.47, and d = 145 nm. j) Transmission spectra of Si3N4 PhC under normal excitation with 
parameters of a = 270 nm, h = 154 nm, nb = ns = 1.47, and d = 145 nm. k) Chiral field enhancement for Si3N4 photonic crystal slabs with parameters of 
a = 270 nm, h = 154 nm, nb = ns = 1.47, and d = 145 nm at k = 0.0276 rad m−1. l) Transmission spectra of Si3N4 photonic crystal slabs with parameters 
of a = 270 nm, h = 154 nm, nb = ns = 1.47, and d = 145 nm at k = 0.0276 rad m−1.
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square arrays are fabricated in Si3N4 layer by combining e-beam 
lithography and reactive ion etching. The size of each hole array 
is about 450 × 450 µm2. The diameters of cylinder holes in dif-
ferent arrays are changing from 130 to 170 nm, where both the 
period (a  = 270  nm) and the height (h  = 154  nm) are fixed. To 
create an optically symmetric environment, we etch the holes 
through the entire Si3N4 layer and immerse the sample in an 
optical liquid that is index-matched to silica. Scanning electron 
microscope (SEM) images of the sample are shown in Figure 4a.

To experimentally demonstrate the formation of vector BICs, 
we measure the angle-resolved transmission spectra for Si3N4 
PhCs with different diameters of nanoholes. These spectra 
are measured by using the homemade polarization-resolved 
momentum-space imaging spectroscopy based on Fourier anal-
ysis,[44] as illustrated in Figure 4b. The working principle is that 
the information carried by the back focal plane of an objective 
lens is consistent with the momentum-space (Fourier-space) 
information of the radiation field from the sample. Figure  4c 
shows the measured band structure for PhC with d = 150 nm. 
The darkness of the spectrum represents the transmittivity of 
each mode. The darker line represents a higher transmission. 
It is clearly shown that this band structure is totally in agree-
ment with the simulation result. There are series of TE-like 
and TM-like resonance modes. We note that frequency bands 
described by darker (lighter) lines represent TE-like (TM-like) 
modes. This is because that the Q-factor of TM-like mode is 
larger than that of TE-like mode, making TM-like mode much 
hard be excited. Additionally, the band line is much lighter at Γ 
point for TEA, TEB, TMA, and TMC modes, indicating the sup-
pressed radiation loss at Γ point. However, different from per-
fect BICs in simulations, we can see that the transmittivities at 
Γ point for TEA, TEB, TMA, and TMC modes are not zero. This 

results from the breaking of C4 rotation symmetry by elliptical 
holes in the fabricated sample. It is noted that the eigen-wave-
length of TEB mode is much larger than TMA, and these two 
bands are far from each other.

When the diameter of nanoholes gets smaller, bands of TEB 
and TMA get closer and become overlapped with each other 
around Γ point at d = 130 nm, as shown in Figure 4d, indicating 
the formation of vector quasi-BIC. By further decreasing the 
diameter, the eigen-wavelength of TEB will get larger than that 
of TMA at Γ point, making these two bands have cross points 
around Γ point. The measured band structure of PhC with d = 
120  nm is shown in Figure  4e. Eigen-wavelength of TEB at Γ 
point will be even larger when the diameter gets smaller further, 
and the cross points will be more far away from Γ point. With 
all the above measurement, we find that the band structure of 
PhC slabs can be effectively tuned by changing diameters of cyl-
inder holes, and the vector quasi-BIC is experimentally observed 
with merging modes of TEB and TMA. All experiment results are 
in good agreement with numerical results. The little deviation 
between experiment and simulation is due to the tiny difference 
of back refractive index used in experiment and simulation.

5. Conclusion

In conclusion, we have theoretically designed and experimen-
tally observed the vector BICs in PhC slabs. In theory, we con-
structed symmetry-protected vector BICs by suitably tuning 
geometric parameters of the PhC slab. The formation of vector 
BICs is demonstrated by the by the coalesce of eigen-wave-
lengths of a pair of TE-like and TM-like BIC modes. Homo-
geneous near chiral field which is three orders of magnitude 

Adv. Optical Mater. 2023, 2203118

Figure 4. a) Top and side views of the scanning electron microscope images for the fabricated sample. b) Experimental setups for the measurement of 
band structures. c–e) Measured band structures of Si3N4 cylinder arrays with a = 270 nm, h = 154 nm, d = 150 nm (c), d = 130 nm (d), and d = 120 nm (e).
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larger than CPLs can be achieved by exciting the PhC slab with 
the vector BIC. In experiment, we fabricated Si3N4 PhC slabs 
with different diameters of nanoholes and measured their 
associated band structures. The measured band structures are 
totally consistent with simulations, manifesting the realization 
of vector BICs. With strong and homogenous superchiral fields, 
our designed PhC slabs could become an ideal platform to per-
form surface-enhanced fluorescence CD and Raman optical 
activity of chiral molecules.

6. Experimental Section
Sample Fabrication: A layer of Si3N4 film with thickness of 154 nm was 

grown with the plasma enhanced chemical vapor deposition (PECVD) 
method on a 500-µm-thick silica substrate. A layer of 300-nm polymethyl 
methacrylate (PMMA) was spun-coated on the Si3N4 film as e-beam 
photoresist. After exposure and development, resist patterns were formed. 
Then these patterns were transferred to Si3N4 with an anisotropic plasma 
mixture of CF4/CHF3/O2 gas, using PMMA as an etching mask.

Spectra Measurement: The transmission spectra were measured 
using a home-made polarization-resolved momentum-space imaging 
spectroscopy built based on an Olympus micro-scope. The source 
is a tungsten lamp and the incident light is focused on to sample by 
an objective (20_magnitude, NA 0.4). The transmission light from the 
sample was imaged onto the entrance slit of imaging spectrometer 
(Princeton Instruments IsoPlane-320) through a series of convex lens.
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