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Abstract
In this paper, the design and simulation of a Linear Variable Optical Filter (LVOF) for the visible and near-infrared
(VNIR) 450-900nm region is reported. The design and simulation of LVOF are made based on all-dielectric [1–4] and
metal-dielectric based induced transmission �lter. In the given paper, we have compared the design approach
based on all-dielectric and metal-dielectric �lters. The LVOF �lter based on the metal-dielectric method reduces the
design and fabrication complexities and is also cost-effective as it doesn’t require any band rejection �lters. The
minimum spectral transmission of the metal-dielectric �lter reported in the paper is 70% with a FWHM of 2–3% of
central maxima.

1. Introduction
Electro-optical (EO) sensors are �nding a wide range of applications in civil and military environments ranging from
surveillance to high performance target search, track, and acquisition, guidance and satellite imaging for remote
sensing[5] applications including detection of military targets.  Sensors have been classi�ed in different number of
spectral bands such as panchromatic (single band), multi-spectral (more than one band) and hyperspectral (a large
number of contiguous bands). Hyperspectral imaging system has very wide capability of spectral discrimination
than the multispectral imaging. Hyperspectral imaging combines three different technologies, namely remote
sensing, spectroscopy and imaging. Remote sensing is the ability to obtain information without making any
physical contact with the objects to be studied. Spectroscopy is the study of spectral component of the
electromagnetic spectrum while splitting the light in various small spectral bands. Imaging is done using your
conventional optics in combination with suitable detectors.

The hyperspectral imaging system consists of three basic components, fore optics for the collection of radiance,
spectral separation device and a detector.  These sensors capture the re�ected spectrum of the electromagnetic
radiation forming a three dimensional data cube, two dimensional in the spatial domain and one in the spectral
domain. Hyperspectral Imaging Camera has advanced features of long ranges, wide �eld coverage, high spatial
resolution for better detection and high spectral resolution for better identi�cation capability. Hyper-spectral
imaging technology has the potential to provide superior target to background discrimination, when compared to
the equivalent spatial resolution broad band devices.

In the present work a linear variable optical �lter has been designed for the VNIR (450-900nm) region, which will
work as a spectral separation component for the hyperspectral imaging camera which can be used for earth
observation satellites and airborne platforms.  To satisfy both the requirements of small dimensions and low mass,
prism and grating based traditional spectrometers will be replaced by LVOF [6-8]. This spectral separation device is
proposed in this paper which is designed and simulated on the metal-dielectric based induced transmission �lter[9-

14] and can be fabricated taking advantage of thin �lm technology like sputtering and e-beam evaporation. In this
paper we will be discussing about different design approach for the realization of this linear variable optical �lter.

2. Linear Variable Optical Filter (Lvof)
In order to have a light weight and miniaturized spectral separation device with no moving parts, a graded
transmission �lter is proposed.
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The LVOF is an optical interference �lter whose spectral functionality varies along one direction of the �lter,
compared to a traditional optical �lter whose spectral functionality is intended to be identical at any location of the
�lter.  For a narrow band interference �lter there will be a single transmission peak, i.e the coated sample will show
same transmission at every part of the sample. However, in the case of LVOF there will be a shift in the
transmission peak from one edge of the sample to the other. The LVOF integrated with a CCD will work as a single
chip spectrometer, thus opening up a huge potential for spectroscopic and imaging applications.

With a suitable choice of thin �lm coating materials the LVOF can be fabricated for any spectral band. Since the
design and fabrication of this device have its own complexities therefore there are two basic approaches for the
fabrication of these devices. The �rst methodology is using VLSI technology and the second approach is thin �lm
technology using masking.

The �rst approach is based on the all-dielectric, i.e. the design and fabrication of this �lter are based on the concept
of the Fabry Perot etalon. The LVOF basically consists of a tapered cavity layer sandwiched between two Bragg
re�ectors or a dielectric mirror. This type of �lter is derived from the concept of Fabry-Perot etalon with a tapering in
the cavity layer. However, this �lter suffers from a drawback of narrow spectral band [15], and hence can be used
only where a limited spectral band is required, i.e. on changing the thickness of the cavity layer, the transmission
peak will not be able to cover the entire spectrum (450-900nm). The reason for this is the generation of 3rd order
harmonics, i.e. we are getting more than one peak at a certain cavity layer thickness which we don’t require. Thus in
order to design and fabricate this �lter in the VNIR (450-900nm) region using the all dielectric approach we need to
add many band rejection �lter or blocking �lters at different positions of the LVOF, thus adding the complexities in
fabrication and enhancing the cost of �lter as it requires big infrastructure like lithography, dry etching and a e-
beam or sputtering system.

The �rst step is to have an alternate layer of high and low index material and then depositing a cavity layer. The
tapering in the cavity layer can be executed with lithography, thermal re�ow of the photoresist and dry etching of
the cavity layer and further depositing the mirror layer using alternate layers of high and low index material. If the
cavity layer is of high index material then the next layer will be of low index material. The substrate in the VNIR
region can be borosilicate glass or fused silica or quartz, while the high index and low index material can be TiO2

and SiO2 respectively. For a wide transmission band there will be a requirement of band rejection or blocking �lters
which will suppress the third harmonics generated using the tapered cavity layer. The design and simulation of all-
dielectric based LVOF is discussed in the next section.

A second approach to design a LVOF is using metal-dielectric based induced transmission �lter. The choice of
suitable metallic layer along with the dielectric layer combination will help in getting the desired transmission
(≥70%) with the wider rejection band. Thus, with this induced transmission �lter we will be able to cover a larger
spectral band without any blocking �lter. Thus the effective cost and overall performance of the �lter will be better
than all-dielectric based LVOF.

3. Design And Simulation Of Lvof
In the present section we will be presenting the design and simulation of LVOF using all-dielectric and metal-
dielectric approach

a) All-Dielectric based LVOF:
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All-dielectric �lter is designed using a combination of high and low index materials TiO2 and SiO2. Since these
�lters have a limited rejection range therefore the �lter is split into two spectral bands 450-624nm (LVOF Filter1),
624-880nm (LVOF Filter2) and blocking �lters, which is at the back side of the substrate as shown in Fig1. The
design for the LVOF �lter1 is mentioned in table1 with cavity-layer thickness varying from 400-715nm and
subsequently its peak transmission varying from 450-624nm. The transmission curve of the LVOF �lter1 with a
cavity-layer thickness of 415nm shows peak at 456nm, 565nm with some transmission band (Fig2). Since we
require single transmission peak at different positions of substrate therefore, we need to add a low pass �lter (Fig3)
which will remove peak at 565nm and transmission band as shown in the Fig4. Thus adding a low pass �lter1 and
band pass �lter1 we will get a linear variable optical �lter (LVOF �lter1) in which the peak transmission varies from
450-624nm as shown in Fig5.

Table 1 ALL Dielectric LVOF �lter 1 (450-624nm), LVOF Filter2 (624-880nm)
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LVOF Filter 1 LVOF Filter 2

S.No. Coating layers Thickness (nm) Coating layers Thickness (nm)

1.        Substrate BK7 Substrate BK7

2.        TiO2 56 TiO2 77

3.        SiO2 89 SiO2 125

4.        TiO2 56 TiO2 77

5.        SiO2 89 SiO2 125

6.        TiO2 56 TiO2 77

7.        SiO2 89 SiO2 125

8.        TiO2 56 TiO2 77

9.        SiO2 89 SiO2 125

10.     TiO2 56 TiO2 77

11.     SiO2 89 SiO2 (590-1040)

12.     TiO2 54 TiO2 77

13.     SiO2 400-715 SiO2 125

14.     TiO2 54 TiO2 77

15.     SiO2 89 SiO2 125

16.     TiO2 56 TiO2 77

17.     SiO2 89 SiO2 125

18.     TiO2 56 TiO2 77

19.     SiO2 89 SiO2 125

20.     TiO2 56 TiO2 77

21.     SiO2 89 Air  

22.     TiO2 56    

23.     SiO2 89    

24.     TiO2 56    

25.     SiO2 89    

26.     Air      
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Similarly, second part of the �lter (LVOF �lter2 as mentioned in table1) is designed with the transmission peak
varying from 624-880nm along with two different band pass �lters2 at the back side of the substrate as shown in
Fig1. The output of the second part of the linear variable optical �lter (LVOF �lter2) is shown in Fig6. Thus the
combination of LVOF �lter1 and LVOF �lter2 on a single substrate will work as a linear variable optical �lter with
transmission peak varying from 450-880nm.

b) Metal-Dielectric based LVOF:

The design of such �lter can be done using two different approaches. In the �rst method we can use a metal layer
as a mirror layer, SiO2 as a cavity layer as used in all-dielectric based LVOF. The thickness of the cavity layer when

varied from 105-240nm will give transmission peaks at different wavelengths. The design [16] of such �lter contains
Sub/ 35 Ag/(110-240) SiO2/ 35Ag/ 220SiO2, the last layer is for protection of silver. This metal-dielectric-metal

(MDM[17]) �lter requires very less number of layers as compared to all-dielectric based LVOF. The combination of
metal-dielectric gives the wider rejection band, thus having the advantage of no blocking �lters. The only
disadvantage using such �lters is that the maximum transmission is less than 40% and FWHM is more than 5% of
the central maxima. Thus the overall spectral resolution of the �lter is poor as compared to induced transmission
�lter as reported below.

The second approach to design LVOF based on metal-dielectric �lter is done using an induced transmission �lter
having metal-dielectric layers. The selection of metal-dielectric is done in such a way so that we can get a wider
rejection band while having the maximum transmission in the required spectral band. The design of such �lter is
proposed in the paper using a combination of TiO2, SiO2 and Ag layers. The �lter designed for the VNIR band (450-
900nm) has the minimum transmission of 70% in the entire spectral region with a FWHM ~2-3% of the central
maxima. 

The design for the transmission peak consists of non-quarter oxide layers and a �xed metal layer
(Substrate/TiO2/SiO2/Ag/SiO2/TiO2/SiO2/TiO2/SiO2/TiO2/SiO2/Ag/SiO2/TiO2/SiO2/TiO2/SiO2/Ag/SiO2/TiO2/Air),
total 19 layers. The �lter's performance at the two extreme ends of the spectral band is shown in the Fig8. The
design of the above �lter is done using TFCal[18] software. The transmission curve of LVOF for the complete VNIR
region is shown in the Fig9. The design wavelength in the above design varies from 380-770nm, thus the dielectric
layers in the above design vary with wavelength while the thickness of metal layer is kept constant throughout the
region. The above mentioned induced transmission �lter has an advantage over the LVOF based on all-dielectric
�lter is that there is no requirement of any kind of blocking �lters. The fabrication of such �lter can be done at a
very low cost as compared to all-dielectric in which there is a requirement of huge infrastructure like lithography,
etching and physical vapour deposition (PVD) system. The fabrication of such induced transmission �lter can be
easily achieved with the masking mechanism in the PVD system, thus having a low cost as in respect of the
number of layers and infrastructure required.

4. Conclusion
The design and simulation of a LVOF �lter covering VNIR (450-900nm) spectral band for the hyperspectral imaging
camera has been carried out using all-dielectric, metal-dielectric-metal and metal-dielectric induced transmission
�lter. The all-dielectric based LVOF require huge infrastructure like lithography, thermal re�ow, masking, etching and
PVD for the fabrication. The requirement of additional blocking �lters along with a large number of coating layers
enhances the cost and complexities in the design & fabrication as well. The MDM based LVOF �lter design requires
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less number of layers, but with lower transmission and wider FWHM (>5%). The simple and reasonable approach
for the design and fabrication of LVOF is based on metal-dielectric based induced transmission �lter. This method
not only improves the transmission with better spectral resolution, but also reduces the effective cost of LVOF with
a wider spectral band. The advantage of this device is wide spectral band coverage with no band rejection �lters.
Thus a masking mechanism in the PVD system will ease out the fabrication of LVOF without any need of blocking
�lters and covering the complete VNIR spectral band with a spectral resolution of 2-3% of the central maxima.
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Figures

Figure 1

Schematic of LVOF �lter based on All-dielectric
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Figure 2

Transmission curve at a cavity thickness of 415nm
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Figure 3

Bandrejection �lter: low pass �lter 1
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Figure 4

Transmission curve at a cavity thickness of 415nm with low pass �lter1
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Figure 5

Transmission curve of LVOF Filter1 with cavity thickness varying from 400-715nm



Page 13/14

Figure 6

Transmission curve of LVOF Filter2 with cavity thickness varying from 590-1040nm

Figure 7
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Transmission curve of Metal-Dielectric-Metal (MDM) based LVOF

Figure 8

Transmission curve of the LVOF based on Metal-Dielectric at 450nm&900nm wavelength

Figure 9

Transmission curve of the LVOF based on the Metal-Dielectric


