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Efficient and Durable Linear Variable Filters and Dichroics
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By Henrik Fabricius, Michael Rodas Lorenzen and Oliver Pust

DELTA Optical Thin Film
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TopPride Filteset FSTP 0003
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Unglued filters without any coloured glass
Minimal auto fluorescence & Minimal lens effect

High transmission, Steep edges & Minimal ripple
Blocking better than OD5 to beyond 950 nm
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TopPridd-ilterset FSTP 0050

Tin % High Quality Filter Set for mRFP FSTP 0050 T High Quality Filter Set for mRFP FSTP 0050
100
[V AN NN
fv ™ \'ﬂ\ {— \ \
\ bk / \
| \ \TERI \
le-2 \J
Il \\ /[k/ \ /
I le-3
I \ le-4
\ le-5
! N
REIN / N
540 560 580 600 620 640 660 680  nm 540 560 580 600 620 640 660 680  nm
——— [=———4

Unglued filters without any coloured glass
Stress compensation of the bending of the UHC dichroic

Durable and spectrally stable surface coatings
Suited for diamond tooling
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Construction and Properties of DELTA's filters

Standard filter | | |  Linear variable filter

Even thickness on
the whole surface ;
Layer thickness

Length
Diameter

1
—— Dielectric Multi Layer \
O
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Glass substrate

Example of a Example ofa . !

normal Llngar (e |

Bandpass variable BP -4 | e
e filter filter | BRI
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Advantages of DELTA's Linear Variable Filters
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Robust and shift free surface coatings on unglued quartz substrates for minimal auto
fluorescence and high Laser Damage Threshold

The filters work well with the Super Continuum Light Source
Transmission is mostly higher than 92%

Blocking is OD3 or better

Blocking to beyond OD5 by adding another Lin Var Filter
SWP: Edge to be tuned from 340 nm i 850 nm

LWP: Edge to be tuned from 300 nm 1 850 nm

Dichroic: Edge to be tuned from 320 nm i 750 nm

E
BP: Centre wavelength from 400 nm to 700 nm g-a&
W

Helpful application notes available
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Examples of Applications

Motorized Linear variable LWP + SWP filters

q

q

Wavelength selector for the Super Continuum Light Source

Blocking of higher order contributions and suppression of background noise in grating based
instruments

Purely filter-based spectrometers

Wavelength selector for Xenon lamps

Motorized Linear variable LWP + SWP filters + Dichroic

q

Purely filter-based fluorescence measuring systems

Stationary Linear Variable BP filters

q

q

q
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Blocking of higher order contributions and suppression of background noise in mini-spectrometers
Compact filter based mini spectrometers with resolutions of 10 nm 1 20 nm

Hyper spectral imaging
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Linear Variable LWP filters

Tin% Measured transmission LVLWP T Measured transmission LVLWP
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€ Blocking of higher order contributions in grating based spectrometers

¥ Decreased background noise in large spectrometers and compact
spectrometers

<€ Part of tuneable bandpass filters .“‘
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New steeper linear variable LWP filter

T Measured Blocking of Std and New LVLWP [310 - 850]

Standard

Steeper

New steeper version reaches OD4 level much faster.

_ =% Helps collecting more emission light in fluorescence systems

!;=;q Helps forming narrow bandpass filters
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Linear Variable SWP Filters

Tin% Measured transmission LVSWP T Measured transmission LVSWP
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4 The SWHP filter is able to block the whole visual range
4 Blocking is mostly better than OD3

4 |t is possible to increase blocking to beyond OD5 by putting two filters in series

oy
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The linear SWP filter in the UV

Tin% Measured transmission LVSWP T Measured transmission LVSWP
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€4 SWP edge adjustable to around 300 nm

<4 The SWHP filter gradually re-opens at wavelengths beyond 700 nm

L
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Range Extending Linear Variable blocking Filtelr
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Extended blocking ranges for the Lin Var SWP + the Range extending filter
S Ex1: 325 nm 1 800 nm

on

7 Ex2: 415 nm 7T 1100 nm
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The range extending filter in action, part 1

T in % Measured transmussion LVSWP and Extension filter T Meazsured transmizsion LVSWP and Extension filter
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4 Working close to 300 nm i the extension filter adds extra blocking
In the red and in NIR
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The range extending filter in action, part 2

Tin% Measured transmission LVSWP and Extengion filter T Measured transmission LVSWP and Extension filter
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4 The super continuum light source emits from around 410 nm

4 The extension filter adds blocking to at least 1050 nm (mostly > 1100 nm)

L
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A quick demonstration of the highly efficient filters
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Fluorescence spectrometer with linear variable filt
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Emission Monochromator

—

INSTRUMENTS

Schematic drawing of a single
Monochromator system for
fluorescence measurements
as proposed and tested by
Edinburgh Instruments

M: Mirror
L: Lens
S : Slit

DG: Diffraction gratting
F : Variable filter stage
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Measured Raman spectrum of cyclohexane
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Figure 6: Raman spectrum of cyclohexane measured at an excitation wavelength of 500 nm. The red curve
(upper) denotes a spectrum taken at 1 nm spectral resolution without the use of variable filters. The green
spectrum (middle) is taken with the variable filters in place. For comparison, the same measurement was
repeated on a double-monochromator spectrometer (blue — lower). The signal is severely reduced.

X Upgrade of diffraction grating spectrometers
" for multiple purposes
Source INSTRUMENTS

S. Desmond Smith, Alan Kerr, Matt Shelton, Roger Fenske
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Linear Variable Filters and the Super Continuum Light Source

Tin% Eest poszible result for No heht Spot at XL=0.6, (.56

: Figure shows the best

. possible result for No Spot
size for the combination of

U the linear variable SWP and

600 610 620 630 640 650 1m the standard LWP filter.

We will refer to the position along the X-axis in the form of a factor X; running from O to 1.
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Linear Variable Filters and the Super Continuum Light Source

Tin% Predicted bands fonmed for D=1nun. 2mm and 3nun

Figure shows the predicted
bands formed by the linear
variable LWP and SWP filters
as function of the diameter of
the laser-beam.

The position of the spot on the two
filters is described by X, (LWP) = 0.56
and X (SWP) = 0.6.

600 610 620 630 630 630 T

It is seen that it is realistic to form a band with a bandwidth of less than 20 nm in case the
diameter of the Gaussian shaped laser beam is only 1 mm.

However, it would of course be possible to decrease the bandwidth on the cost of peak
transmission.
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Adding Lenses to Reduce the Diameter of the &gt

T % L=58 1nun Predicted bands formed for d=1nun, 2/ 3nm, 1/ 3nun
100

Figure shows the obtainable
result in case the light spot is
focused by a factor of 3.

I
Q=0QR

The divergence of the un-focused laser
beam is as low as 5 mrad.

400 610 620 630 64 630 nm

It is recommended to focus the laser beam by a factor of 3 in order to make
the present 60 mm long filters work well.
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Linear Variable Filters and Xenon Flash Lamps
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Example of intensity profiles
for different kinds of Xenon
Flash Lamps*

* Figure is copied from a
Hamamatsu tech note

Figure shows the estimated
fraction of light contained in a
light cone as function of the half
cone angle i relative to the
amount emitted in the angular
range from -45° to +45°.
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Impact of the Opening Angle OA

T %

100

320

Aperture Inmun * 3mm, OA +/-0, 8, 12, 16, 20, 24 Deg.

G00 alo

L]

Figure shows the predicted
bands formed for opening
angles (OA) of

+ 8°

+12°
+ 16°
+ 20°
+ 24°

(black curve)
(blue),
(green),
(red),
(brown).

The rectangular aperture in front of
the linear variable filter has a height
of 3 mm and a width of 1 mm.

The central wavelength of the band formed shifts towards shorter
wavelength as the OA increases, and the band gets less box-shaped.
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Impact of the Width of the Rectangular Aperture

Tin% OA ig +- 12 Deg. Height is 3mm, Width is 0.6, 1.0 and 1.4mm Tin% OAis +/- 16 Deg. Height is 3mm, Width is 0.6, 1.0 and 1.4mm
100 100

80

60

20

610 620 630 640 nm

Slit width = 0.6 mm (brown), 1.0 mm (black), 1.4 mm (red)

Band gets less box-shaped as the width of the rectangular aperture
increases. However, the effect is not as severe as the effect of increasing
the opening angle beyond +12°.
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Decreasing the Opening Angle by Zooming

Twmb% OA +-12 Deg Width of aperfure Inun. Zoom Factor 1, 2, 3
" Zooming increases the spot size
but decreases the opening angle.

Increasing the height of the
image of the line-formed arc by
. the zoom factor only has a slight
influence on the band formed, at
» a fixed slit width of 1 mm.

a

&10 L] ] L] =11

Callected fraction of light vs Half cone angle 9

AL | It is possible to gain a factor of 2 to 3 in energy,
B4 practically without losing spectral performance by
7 application of a Zoom factor of 2 or 3.

L] 0w 12 K B L‘DD;“’.‘I % 2 X X M B
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Suppression of inteeflections by slight angling

IRy
Otit=1102 degrees. "} E . Btit=1t02 degrees.

Tin% LWP720x3 Edge position vs AOI (0 - 30 Deg. Steps = 5 Deg.)

100
20
60
40
20
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Recommended angling of filters
used in series

1 -2°
Relative spectral shift

caused by angling of the lin var filter
is proportional to the following factor

J1—=Sin2V/(nH *nl)

Where

Vis the AOI in air

n is the refractive index

H represents the high indexed sub-layers
L represents the low index sub-layers
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Linear Variable Dichroic for AOI = 45°

Tin%  Meagured transmiszion Linear Variable Dichroic (45Deg.)
100

30

a0

20

Minimal polarisation splitting for AOI = 45°
Wide blocking range (helps blocking excitation light)
Typical blocking > OD3
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