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Miniaturized systems for illumination, imaging, and detection

High-precision components

fused silica Fresnel lenslets for UV-C LED collimation

array projection for
light-carpet

tailored-light diffusers for
achromatic homogenization

Deterministic AR on diamond beamsplitter

ultra-compact imaging systems based on FOV 
segmentation (multiaperture imaging)

multispectral image acquisition

Polymer-on-glass replication Litho on non-standard substrates
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Motivation
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prospective field of applications for multispectral/-

modal camera systems (2D, 3D, spectral, polarization)

▪ remote sensing, precision agriculture

▪ biomedical imaging, vitality parameters, digital health care

▪ food surveillance and sorting, recycling

▪ predictive maintenance

Trend is towards…

▪ … embedded systems (multimodal parameters → data fusion)

▪ … highly miniaturized / compact → size, weight, power consumption

▪ … low latency / real-time decisions

▪ … reduced system complexity and costs

using micro-optics (multi-aperture imaging) to 

develop snapshot multimodal/-spectral cameras
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[3]
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[1] https://support.parrot.com/files/s3fs-public/images/support/ 

[2] https://www.ximea.com/images/stories/hand.png

[3] hhttps://www.framos.com/de/news/sony-launcht-die-auf-dem-sichtbaren-und-swir-spektrum-basierten-bildsensoren-imx990-sxga-und-imx991-vga

[4] https://www.tibco.com/sites/tibco/files/media_entity/2021-05/predictive-maintenance-diagram.svg

[4]
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System approach
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spectral filter unit (polarization filter feasible)

micro-optical imaging unit

3D-baffle array unit

image sensor unit

Quelle: IDS

▪ object is imaged by multi-aperture imaging system onto a common sensor 

→ multispectral data acquisition in snapshot manner

▪ no additional bulky objective lens needed

Multi-Aperture Imaging + spectral filter unit
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Realized systems
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MLA + spectral filter-based approaches: compact snapshot cameras

[1] M. Hubold, et al., "Multi-aperture system approach for snapshot 
multispectral imaging applications," Opt. Express  29, 7361-7378 (2021)

LINE-VIS [1] ETCHED-VIS BP-VIS LINE-SWIR ETCHED-SWIR

60 x 60 x 28 mm³ 46 x 47 x 33 mm³ 90 x 40 x 30 mm³ 80 x 55 x 55 mm³ 80 x 55 x 55 mm³

200 g 55 g 110 g 350 g 350 g

66 ch. (10 – 16 nm) 12 ch. (30 – 40 nm) 9 ch. (20 – 40 nm) 20 ch. (40 – 50 nm) 6 ch. (20 – 30 nm)
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Spectral filter unit
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Filter position

▪ spectral shift w.r.t. larger AOI on filter tile 

(shorter wavelength @ larger fields)

▪ independent from F/# 

▪ free choice of monochrome image sensor

(1) In / close to aperture (2) In focal plane

FPA

microlens array

filter tile array

3D-baffle

filter tile on FPA

cover glass

microlens array

3D-baffle

cover glass

▪ spectral shift w.r.t. larger AOI on filter tile 

(shorter wavelength @ larger fields)

▪ dependent from F/# and field position

▪ filter tile array also instead of cover glass 

feasible

▪ customized image sensor needed

Optimal filter position

▪ depends on F/# and FOV 

taking broadening and the 

shift into account
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Spectral filter unit
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Concepts, manufacturing, and challenges

Property Band-pass filter Linear Variable filter Etched Fabry-Perot filter (@ IOF)

Principle interference filter due to several 
coating layers

continuous wedge of dielectric multi 
layers for lateral spectral filtering

structured FP-filter with different 
heights

Manufacturing evaporation or sputtering (IBS) evaporation or sputtering lithography + etching for trimming 
cavity thickness; or effective media

Advantages High T in and large OD out of pass 
band; free choice of discrete bands 
and bandwidth; monolithic 
component feasible

continuous wavelength sampling;
monolithic component

Wafer scale process for filter tile array;
monolithic component

Challenges / 
Limitations

Efforts in assembly + die size 
comparable large
or lithographic patterning (lift-off);

limited dispersion gradient 
→ large image sensor needed;
spectral resolution depends on 
aperture size

Low FWHM means also low light on 
detector and high AOI sensitivity
low OD for metal mirrors
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Micro-optical imaging unit
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Concepts, manufacturing, and challenges

Challenges

▪ Chromatic focus (dispersion!) shift should be compensated

→ chirped microlens arrays, individual adaption of BFL

▪ limited shapes of lenses (no real meniscus lenses)

Origination

▪ wafer scale processes

needed

grayscale photo-lithographyultra precision machining mask photo-lithography

Step & Repeat Replication Wafer to Wafer Replication

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

400 450 500 550 600 650 700 750 800 850 900

re
la

ti
ve

 s
en

si
ti
vi

ty

wavelength [nm]

ohne Anpassung

mit kanalspezifischer
Anpassung

w/o adaption

w/ channel wise 

adaption



Robert Leitel, EPIC-Assoc, Thalgau Sept 2024, © Fraunhofer IOF Jena

Conclusion
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▪ versatile and compact approach for capturing spectrally resolved, extended object fields in a snapshot 

▪ challenges to be solved in future:

▪ further miniaturization

▪ higher spatial resolution 

▪ advanced monolithic filter tile array elements

▪ not addressed today:

▪ calibration procedures

▪ channelwise light-blocking
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Outlook
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→ 36 simultaneous measurements, distributed sensing (fiber-coupled)

12 channels hex-arrangement à 3 fiber inputs per channel

→ 400…800 nm spectral range, resolution < 5nm line width

→ 18 x 19 x 24mm³ based on Sony IMX178

→Extension to SWIR using Sony IMX 990…993

Miniaturized Array Spectrometer

Wafer-level fabrication of slit unit + field lens, 

collimation and imaging optics,

effective medium grating
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