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» Fluorescence detector structure

Filtering structures
» Diffraction grating based filters

Results
» Period & height dependence
» Grating material dependence
» Incident angle dependence

Realistic conditions

Conclusions

M. Kovacic EUROREG-PV 2014, September 1 - 3, 2014, Ljubljana, Slovenia




University of Ljubljana

Faculty of Electrical Engineering _

Fluorescence

PV(

Basic principles:

AM - Stoke’s shift

Excited State Levels

A\/\"ﬂn -
MAVAVAW

Excitation Energy
Apsuaju] uoissiug

Absorbed Emitted Wavelength (nm)
excitation fluorescent
light light

Energy

Fluorescence
lifetime (ns)
> Y

- -iﬁfi
'.-‘.I"

M. Kovacic EUROREG-PV 2014, September 1 - 3, 2014, Ljubljana, Slovenia

F 3




University of Ljubljana

Faculty of Electrical Engineering _

Fluorescence detector structure
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Fluorescence & fluorescence detection

= Focus on a green fluorescence protein (GFP)
= Quantification of biomolecules, drug discovery, etc.

GFP is non-toxic!

Excitation light (480 nm)

Emission light (510 nm)

Small Stokes® shift of only 30 nm !

Broadband photo-detectors

= Selective optical filtering is essential !
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Optical filters - solutions

= Absorbing filters
» Simple solutions

» Easy to fabricate
» Non-efficient for small Stokes® shift fluorophores
a-SiC:H

= Multilayer interference filters
, Efficient o
n,

» Alot of fabrication steps
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Diffraction grating based optical filters m
Look from above:
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low refractive index material
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Simulations

= Simulations using Comsol Multiphysics
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» 3-D simulation
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» Finite element method — FEM

» Various shapes & materials

M. Kovacic

EUROREG-PV 2014, September 1 - 3, 2014, Ljubljana, Slovenia




University of Ljubljana

PV( , L
Faculty of Electrical Engineering

Simulations & evaluating results
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Results — absorbing filters

= Absorbing a-SiC:H filter
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Results — embedded diffraction grating

= Notch filter characteristics

1e+0 1 | 1 1 |
* RRs over 10,000 I R S—
—~ 1 \\\\ / Rt L
s 1e-1 S N / - P
< \\ \\ II s
x Tle-2 A NN 1/
= %) \ \\
) | \_\ ‘/I
ré 1e-3 \ l,'
(@) ) ./
Diffraction grating % i .,/ ~~~~~~~~~~~~~~ Without any filter
embedded in SO, o Te4 \,’I Flat absorbing filter

5 -’II _____ TiO, grating
o . .

! 3 1e-5 A [ —_——— p-a-SiC:H grating

1 ()
Q.

e
\% P e -
A 480
| == P|N — photo-detector 1e-7 exc ( nm)\ Zem (510 nm)\
/ 460 470 480 490 500 510 520
/l— Wavelength, A (nm)

M. Kovacic EUROREG-PV 2014, September 1 - 3, 2014, Ljubljana, Slovenia




University of Ljubljana

Faculty of Electrical Engineering _

Absorbing vs. non-absorbing grating
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Results — combination of both solutions

= Best results:
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Properties - period & height dependance
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Incident angle dependence
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Realistic conditions
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Conclusions

= Fluorescent detection requires efficient optical filtering

= Diffraction grating as optical filters:
» Possibility to achieve very high RRs

» Versatile - applicable for other fluorophores, different grating shapes, possible
combination with other technologies

» High dependence on manufacturing inaccuracies
» Possible solution: modern manufacturing processes

» High dependence on incident angle of excitation light
* Possible solution: laser light

» Over 60 times improvement over flat absorbing filters
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