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I. INTRODUCTION

Multispectral or hyperspectral images allow acaugrinew information that could not be acquired using
colored images and, for example, identifying chengpecies on an observed scene using specifidyhigh
selective filters. Those images are commonly useduimerous fields, e.g. in agriculture or homelaadurity
and are of prime interest for imaging systems faoaard scientific applications (e.g. for planetgipdrhose
instruments are generally composed with a compedatrolled rotating filter wheel placed right irofit of a
CCD camera [1] (Figure 1). This technology allowtegrating on a single camera a large number tefgiland
therefore to acquire images at a very specific Yeagths or within a well-defined spectral range.

Fig. 1. Example of a set of optical interference filteredl on a filter wheel and dedicated to the GOCI
instrument installed on the COMS satellite [1]

Those filters are generally optical interferendeeffs. Therefore, a large range of optical functi@an be
achieved for these filters. Another advantage of fim filters compared to colored organic matésiss that
they are compatible with space applications. Howetés obvious that these rotating filter wheale a bulky
and heavy solution for hyperspectral imaging thakenthem non optimal solution for onboard applaai
while CCD cameras are lighter and lighter.

To overcome this problem, a solution is the falificaof pixelated filters, similar to the one usied color
cameras but using optical interference filters.sThay, no filter wheels would be required and ffik&ze would
become negligible compared to camera size. Inpper, we present all the steps towards fabricakirgnew
class of filters.

Il. PIXELATED FILTERS
A. Spectral Specifications

Pixelated filters can be composed through a MagelRvith any number of filters, e.g. 2x2, 3x3 orddwith
a Bayer-type structure. Each filter is a bandpdtsr fcentered at a specific wavelength with th#éofeing
specifications:
- Central wavelength between 400 and 1100 nm
- Spectral bandwidth between 10 and 50 nm
- Maximum transmission at resonance exceeding 80 %
- Squared profile in the bandpass is required

- Integrated transmission lower that2@ut of the Pass band
Proc. of SPIE Vol. 10563 105630L-2
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B. Geometrical specifications

Pixelated filters should be massively structurethwhe following specifications:
= 100 000 to 200 000 MacroPixels should be fabricatezhrallel
= Pixel size between 7x7 and 50xn®H?2
»  Thick multilayer stacks for each filter with typldhickness from 10 up to 45m
= Basic pattern will include 4 to 16 different filteitypes
= Each filter will be complex at it will require up 1.00-150 layers

C. Fabrication method

Structure of the pixelated filter is obtained bydsition through a mask made with a photoresistuaiag a
lift-off technique. Typical procedure for obtainisgch a filter is shown in Figure 2.

(a) Spin coating (b) Exposure (c) Depement

(d) Deposition (e) Lift-off
Fig. 2. Description of the lift-off process

The lift-off technique consists in 5 different step

1- Spin coating is used to deposit a photoresist profa glass substrat&rror! Reference source
not found.a).

2 - Structured illumination is performed through an #itade mask (b).

3 - Photoresist is then developed in order to remowhére exposure was performed (c).

4 - Optical interference filter is then deposited op ¢4 this substrate (d).

5 - Lift-off of the photoresist is performed in orderemove the coating all over the substrate, in the
parts where photoresist was not present (e).

However, as can be seen in Figure 3, the use dflsilift-off technique does not allow achievingtfind

squared pixel profile because walls are createthemixel side due to deposition of a larger amadimhaterial
at the boundary with the photoresist.

s O s

Fig. 3. lllustration of the problem of walls with standdift-off process
This problem can be solved by using two photorgdiatving different physical properties and the gatien

of small caps that will prevent the creation of iwain the edges of the photoresist and therefotairobg
perfectly parallelepipedic pixels (Figure 4).

Fig. 4. Two-photoresists-based lift-off process
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D. Experimental demonstration

Lift-off technique was used to demonstration thigrifsation of 2 adjacent pixels of a 2x2 patterrxeld are
bandpass filters with different central wavelengtpical specifications for this prototype are fhowing:
= 10 000 MacroPixels
= Pixel size is 30x3@m?
= Thickness of each filter is < 415n
= The 4 bandpass filters have central wavelength 80, 770, 840 nm. 700 and 770 nm
bandpass filters are demonstrated here.
* FWHMisO40 nm
= Rejection is performed in 500 — 900 nm range
= Number of deposited layers(is45

Figure 5 shows pictures of two adjacent filters suead using a Zygo NewView 7300 optical profilomete
is seen that each pixel has a well-defined squshege with sharp edges. The transition zone isirwilm,
i.e. below than 10% of the pixel size. There isonerlap between the filters and each pixel dispkyst top
which means that uniform properties are expectes the pixel aperture.

(a) 3D profile (b) 2D profile
Fig. 5. Spatial profiles of two adjacent 30x@én? filters measured using a Zygo NewView 7300 optical
profilometer

lll. LOCAL CHARACTERIZATION OF THE SPECTRAL PROPERTIESF®PIXELATED FILTERS
A. Description of the measurement system

Each fabricated pixel is in the range of 50 to 2p08, therefore, local spectral properties cannot [s\ea
characterized with regular spectro-photometric mépires for which the minimum aperture of the measuent
is generally within 1 mri A custom setup was developed within the Insfingisnel about 10 years ago to allow
mapping of the spectral properties of filters otregir aperture [2]. This setup is compatible witeasurement
of the spectral properties of one pixel, but orilyeg access to the integrated properties of theéngraver the
pixel aperture. Therefore, it is of prime intersbe able to carry out mappings of the local spégiroperties
of one pixel with micron lateral resolution andanometer (or better) spectral resolution. To ach&wcustom
optical setup (SPHERE) was developed [3]. Thisesystises a white light source associated with aldoub
monochromator (Gemini-180 from HORIBA Jobin Yvon)adrder to generate a spectrally tunable light saur
This source is then imaged in the pixelated fiftleme using plane apochromats with a normal inddend an
F-number of 10. A detector placed just before tmage measures the incident power and thereforeatsrfor
its temporal fluctuations. Finally, the pixelatéitef is imaged in the plane of a CCD camera (Fedalr.
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Fig. 6. Scheme of the SPHERE measurement setup

The use of a multimode fiber and a narrowband light source induces, in the measurement
inhomogeneous intensity distribution and speckle. To overcome this problem, deformable mirror and
200um? multimode squared core fiber were inserted right after the monochromator in order to achieve
exposure at any point along the beam path (Figure 7).

Fig. 7. Intensity distribution on the CCD camera at 600 nm. First line was obtained with a circular
fiber while the second line was obtained with a squared core fiber. Left column was obtained withc
deformable mirror while the right column was obtained with a deformable mirror.

Using this system, it is therefore possible to perform mapping of the local spectral dependence of
filters with a spectral resolution of 0.5 nm and a spatial resolutioruof @esolution on camera is Qun, but
actual resolution is 4 times higher due to diffraction).

B. Characterization of prototypes

Using the SPHERE setup, the prototype presented in Figure 5 was characterized. Figure 8 shows .
of the transmitted intensity over the pixelated surface at 400 nm. One can see a periodic structure w
transmitting pixels, dark reflecting pixels and some lines without pixels (those one will be deposited in

run). It is clear that each pixel that had nominally the same deposited structure show identical perfc
Proc. of SPIE Vol. 10563 105630L-5
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Also, it is interesting to note that since waveldéngan be scanned from 400 up to 1000 nm, it isiptesto
obtain the same picture for each wavelength anefibke locally characterize the spectral perforneanaf the

filter.

Wavelength = 400 nm

Y {in microns)

0.2

50 100 150 200 250 300
X {in microns)

Fig. 8. Mapping of the transmitted intensity of the pixel&filters at 400 nm

To illustrate the spectral performances of onehefpixelated filter, Figure 9 shows the transmiitadnsity
at 985 nm over one B2 pixel surface as well assihectral transmission curve of the filter averagedr
5x5 pixels. It is seen that the filter presents@al rejection band from 500 up to 900 nm (excep&fnarrow
line around 870 nm) and a narrowband resonancedro®O nm.

Pixel B2 - Wavelength = 985 nm
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Fig. 9. Mapping of the transmitted intensity over one Bt2if centered at 700 nm

To simultaneously evaluate the performances ofitbasurement system and the pixelated filter, tleetsu
performances measured on the pixelated filter {€igd) were compared with the spectral transmission
measured on the withess sample (25 mm diamete) aviPerkin-Elmer Lambda 1050 spectrophotometer

(Figure 10).
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Fig. 10. Comparison of the spectral transmission of thelpbed filter measured with the SPHERE setup and
of the withess sample (25 mm diameter) measurddavRerkin-Elmer Lambda 1050 spectrophotometer.

Figure 10 shows that very similar performances weeasured on the pixelated filter and the witnessge,
confirming that both manufacturing and characteiératechniques of pixelated filter allow obtainitggh
performances’ filters.

IV. CONCLUSIONS AND PERSPECTIVES

Fabrication and characterization of pixelated fdthave been demonstrated. Dual photoresist lifteathnique
associated with lon Assisted Deposition techniquerewused to achieve both high spatial and spectral
performances. Finally, local characterization of gpectral transmission of pixelated filter wasiewdd by
developing a dedicated custom setup that allowsyiogr out mapping of this transmittance with a gdat
resolution of 2um, spectral resolution of 0.5 nm and good signahtise ratio. A first prototype with 2
elementary pixels was fabricated and characterized.
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