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MRF Technologie

Als neueste FertigungsstraBe wurde eine Einheit mit Vor-Fein-
schleifen, Polieren und MRF-Poliertechnologie eingerichtet. Das
»,Magneto-Rheological-Finishing” Verfahren ermoglicht eine
zonale Korrektur auch feinster Abweichungen vom Nominalradius.
Diese Technologie erlaubt es uns, Asphédren als auch Oberflachen
mit einer Gilite von kleiner lambda/10 unter kontrollierten
Bedingungen herzustellen.

Vergiitung

Linsenoberflachen transmittieren nur ca. 96% des Lichtes. Aus
diesem Grund beschichtet (vergiitet) man die Flache mit einem
dinnen dielektrischen Material. Diese Schicht aus 5 bis 11 Lagen
(in besonderen Fallen bis zu 50 Lagen) vermindert die Reflexionen
am Ubergang von Glas zu Luft (oder Luft zu Glas). Eine besondere
Abstimmung der Schicht zur verwendeten Wellenldnge und
Glassorte ist erforderlich, um die Verluste auf bis zu 0,05% zu
reduzieren. Unser Standard-Spektrum umfasst Antireflexschichten
fir den Wellenlangenbereich von 193 nm bis 2000 nm.

Kontrolle

Wenn alle Produktionsschritte beendet sind, werden die Linsen
mit einer Lupe oder einem Mikroskop auf vorhandene Oberfla-
chenfehler untersucht. Um die hohen Qualitdtsanforderungen
der Produkte zu gewahrleisten, ist Sill Optics nach DIN EN ISO
9001:2015 zertifiziert und motiviert alle Mitarbeiter zu hochstem
Qualitatsbewusstsein.

Fassungen

Sill Optics besitzt eine eigene Fertigung zur Herstellung von
Fassungen flr Prototypen und Kleinserien mit Prazisionsdreh-
maschinen und einem 3D-CNC-Bearbeitungszentrum fiir Sonder-
mechaniken. Bevorzugtes Material ist Aluminium (RoHS konform),
jedoch sind auch andere Materialien wie z.B. Titan bearbeitbar.
Nach der Bearbeitung werden die Teile schwarz eloxiert oder
anderweitig behandelt, um Reflexionen zu vermeiden.

Montage

Optische Systeme (Objektive) bestehen aus mehreren Linsen,
welche in die Objektivfassungen montiert werden. Die Linsen
werden dabei sehr griindlich gereinigt, randlackiert und staubfrei
in die Fassungen zentrisch eingebaut. Modulare Systeme gewdhr-
leisten eine kostenglinstige Montage und effektive Lagerhaltung.
Alle Objektive werden im Labor geprift. In der Abteilung sind
qualifizierte Facharbeiterlnnen beschéftigt. Dabei werden bis zu
100.000 Objektive pro Jahr montiert und gepriift.

Testmoglichkeiten

M Interferometer

B Wellenfrontsensor

B MTF Messung

B Goniometer

W Autokollimatoren

W 3D-Messmaschine

W Laser (1064 nm, 980 nm, 635 nm, 532 nm,
515 nm, 405 nm, 355 nm)

BHOL Y ARBEMT

Modern precision manufacturing of lenses

MRF technology

Our latest establishment is a production line for pre-fine grinding,
polishing and MRF polishing technology. The “Magneto-Rheological
Finishing” process ensures a zonal correction of smallest deviations
from the nominal radius. This technology allows the production of
aspheres as well as surfaces with an accuracy of less than lambda/10
on controlled conditions.

Optical coating

Lens surfaces transmit approx. 96 % of the light (due to reflection). For
this reason the surface is coated with a thin dielectric film. This coating
consists of 5to 11 layers (in special cases up to 50 layers) and prevents
losses on the glass/air (or air/glass) surface. To reduce reflection up to
0.05 % the layer has to be adapted to the required wavelength and
glass type. Our standard range covers anti-reflective coatings for a
wavelength range from 193 nm to 2000 nm.

Quality control

After all production steps the surface quality of our lenses is controlled
with a magnifying glass or a microscope. In order to assure the high
quality of our products, Sill Optics has been certified according to
DIN EN ISO 9001:2015. This motivates all our employees to maintain
maximum quality awareness.

Housings

Sill Optics runs its own shop floor for turning and grinding of housings
for prototypes and small quantities. We have installed precision
turning machines and a 3D-CNC grinding center. Favorable material
used is aluminum (RoHS conform), but other materials like titanium
are possible as well. After machining all parts receive a black anodized
finish or some other varnish to avoid internal reflections.

Assembly

Optical systems (objectives) consist of several lenses that have to be
assembled into an objective mount. The lenses must be thoroughly
cleaned to avoid any dirt or dust. Attention must be paid to make
sure they get centrically set into their mount. Modular systems ensure
cost-efficient assembly as well as effective stock keeping. Here, we
assemble up to 100,000 objectives per year.

Testing capabilities

M Interferometer

W Wavefront sensor

B MTF measurement

B Goniometer

W Autocollimators

B 3D-Measuring center

W Laser (1064 nm, 980 nm, 635 nm, 532 nm,
515nm, 405 nm, 355 nm)
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observation laser radiation

scan lens

B Additional expertise and
custom specific development

Lenses for laser process observation

Observing lenses

Typically laser process observation in done through scan head and
scanning lens themselves (1). If there is a difference between obser-
vation and working wavelength, a lateral and longitudinal focus
shift, caused by monochromatically corrected laser lenses, arises. The
scanner aperture could limit the maximum usable aperture of the
imaging lens which decreases the resolution.

Alternatively a transparent working plane can be observed from the
opposite side (2).

For applications with high resolution specifications and an opaque
working plane the observation can be installed next to the f-theta lens
(3). A tilt between the optical axis and the orientation of the object
plane results. Depending on the depth of field of the vision lens there
is only one stripe in focus which can be imagined with high resolution.
This lack of definition can be compensated by a suitable adaptor
which is mounted between camera and observing lens.

observation

Scheimpug
observation
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reference beam path
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Additional expertise and custom specific development

Optical coherence tomography

Conventional observation lenses do not suffice for three dimensional
scan field measuring. Optical coherence tomography is a contactless
method and the solution for this kind of process observation.

The basic idea is the superposition of the wavelength of two beam
paths. The generated interferogram helps to calculate a distance
difference between reference and measuring beam path. If reference
distance and distance difference are known the distance of the
measuring beam path can be calculated. Other measurements, which
are displaced in x- and y direction create a three dimensional map of
the scan field. Accuracies in the range of some micrometers can be
reached.

movable
mirror

[
Ti measuring beam path
[

surface
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detector

F-theta lenses for polygon scanners

Standard galvanometer scanners are often not fast enough for lasers
with extremely high repetition rates. Ultra fast polygon scanners are a
highly suited alternative in this case. They are line scanning systems
and much faster than galvanometer scanners, which highly decreases
the laser processing time. Many existing f-theta lenses are suitable
without significant impact on the performance. However, Sill Optics
offers custom lenses to exploit the full advantage of the possibilities of
polygon scanners.

Lenses for mask imaging
There are two methods usually used for micro-structuring with lasers,
maskless or direct write and mask projection.

Flexibility, ease of use and cost effectiveness are the features of the
direct laser process with DPSS laser for feature sizes on a micrometer
scale.

Mask projection systems usually use excimer lasers where a mask
pattern is de magnified by a certain factor to reach feature sizes on a
sub-micrometer scale. Additional benefits are good depth uniformity
and distortion free features.
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focusing
lens

2 dimensional spherical scanyeld

A combination of both techniques is the so-called “Scanned Mask
Imaging (SMI". An expanded, homogenized and shaped beam scans a
mask using a 2D scanner and a telecentric f-theta lens. The illuminated
area of the mask is de-magnified with a double side telecentric low
distortion lens onto the substrate area.

Sill Optics designs telecentric lenses for scanning and distortion free
imaging on customers’ requirements.

Diff erent housing material for UV lenses

Long term exposure of black anodized aluminium housing parts to
ultraviolett light can lead to bleaching. Eventually released debris
might contaminate the lens surfaces and result in a decreased
lifetime on the optical components. Therefore it is possible to buy
UV lenses from Sill Optics with high resistant stainless steel
housings. Another cost effi cient alternative are colorless anodized
aluminum housings with the same price as the standard version.

Dynamic z shifting optics

Besides the well-known f-theta lenses for galvanometer
scanners where the scanner is prior to the scan lens, lens systems with
adjustable focal length could be used for processing fl at fi elds. These
lens systems incorporate a moving lens and a focusing system. The
position of the moving lens in respect to the focusing lens has to be
synchronized with the scanner movement to avoid a spherical scan fi
eld. So it is possible to create an even scan field, but the beam
spot diameter depends on its position and changes more over the
fi eld in respect to f-theta lenses. Nevertheless there are some
applications which utilize the big advantage of working in three
dimensions with z shifting optics.

focusing
lens

variable

RN

3 dimensional scanyeld
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BEFTHIER & B

Additional expertise and custom specific development

Alignment turning

Alignment turning is a high precise production technique which
enables a minimum tilt between lens axis and optical axis. Production
accuracy is about one micrometer with this tool. Before starting the
process it is necessary to fix the lens into its housing by curling, sticking
or using knurled rings. After that the lens becomes positioned inside
the machine so that optical and mechanical axis are exactly in line
with each other. With the help of ceramic tools, the outer surfaces
as well as the front and rear bearing surfaces are centered. Outside
diameter tolerances of just a few microns are producible. If there are
high specifications on lens centering, Sill Optics uses this technique for
producing modern high precision optics.

Herkdmmlicher Aufbau als Linsenstapel
conventional mounted lens stack

Beam manipulation

Due to the constantly growing requirements for throughput and
precision, in many industrial applications beam splitters and
beam shapers are in use.

Beam splitters are optical components that split a beam into two or
more beams with a certain angular spacing. To realize this, so-called
DOEs, diffractive optical elements are often used. DOEs can generate
1D or 2D patterns. The angles between neighboring orders depend
on the order numbers and are not linear. This nonlinearity results in
non-equidistant spacing of focal points if standard lenses are used. To
compensate this scan lenses can be designed in a special way.

Beam shaper transform a single mode Gaussian beam into a beam
with uniform energy distribution. Diffractive or aspherical optical
elements are used to achieve this. It should be noted that in subsequent
optical systems such as beam expanders or f-Theta objectives, more
than twice the beam diameter is often required as a free aperture. In
addition, the imaging power must be diffraction limited to obtain the
beam shape.
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mMultiSpot
EMAShES
mNextGen3DBat
mAdalam
mInScanFoLa
mSolderScan

MULTIS T
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NextGen
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Special shapes

Sill Optics produces different rotationally symmetric lenses with
the philosophy “100% made in Germany” The product portfolio
reaches from spherical lenses, aspheres to segmented lenses, domes
and rectangular lenses. We are looking forward to your request on a
custom specific lens which is designed especially for your application.

Research projects

Sill Optics will always be open for a partnership in research projects.
In the past we concluded different projects. Central themes were laser
based micro material processing with USP lasers or multispectral
lenses for laser processing. Other projects focused topics like e.g. water
beams as light guides for laser radiation or compensation elements for
the thermal focus shift.

You can find more information about our research projects on our
homepage www.silloptics.de/en at company — research activities. If
you are looking for an industrial partner in optics production for your
research project, please feel free to request at Sill Optics.

B MultiSpot

B MAShES

B NextGen3DBat
B Adalam

M InScanFola

M SolderScan

\\ MAShES

Multimodal Spectral Control of Laser Processing
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M General
explanations

Part number

The part number is unique for every lens design. Special requests
with changes to catalog lenses are assigned a new part number, so
repeated purchase with the same specifications is easily possible. The
complete part number consists of a 5-digit lens type declaration (e.g.
S4LFT = f-theta lens), a 4-digit design identifier number and a 3-digit
wavelength and coating specification. Sill reserves the right to make
constructional changes in the course of product improvement.

O—51 >0 / et
&S
L> X8

Datasheets, technical drawings and CAD-files

Individual datasheets are available for each lens via download from
our homepage www.silloptics.de . Just go to “Products” on the top
menu. Then click on the category “Laser optics” and then the subca-
tegory of the needed lens, e.g. “f-theta lenses” You see a basic expla-
nation about f-theta lenses and on the top a button called “product
overview’, which leads to an interactive table with all catalog products
of the specific category. On the right of each entry, you can find the
download-button for the datasheet. Technical drawings, so-called
outlines, and 3D CAD-files also available for download.
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General explanations

Anti-reflective and low-absorption coatings

Our anti-reflective coatings are optimized for a certain wavelength
or wavelength ranges. They allow a high transmittance of the laser
light and less absorption of energy in the lens for specific wavelengths.
Low-absorption coatings are recommended for lasers with a high
average power, as they minimize thermal effects. These coatings are
only available for fused silica lenses. Beside our standard coatings
we also offer customized coatings. For detailed information about
damage thresholds, an extra chapter follows on the next pages.

THALET.

ext. type wavelength specification
/008 anti-reflective 1500nm-1600nm R<0.25%
/065 broadband 400nm-900nm R<0.5%,avg.
/075 anti-reflective 355nm R<0.2%
/081 anti-reflective 1064 nm R<0.2%
532nm R<0.25%
/094 anti-reflective 800nm-980nm R<0.2%
/121 anti-reflective 532nm R<0.2%
/126 anti-reflective 1064 nm R<0.2%
/159 anti-reflective 1850nm-1980nm R<0.25%
/173 anti-reflective 400nm-410nm R<0.2%
/199 anti-reflective 255nm-266nm R<0.2%
/292 low-absorption 515nm-545nm R<0.2%
/328 low-absorption 1030nm-1090nm R<0.2%
/373 anti-reflective 420nm-480nm R<0.2%
/449 low-absorption 900nm-1070nm R<0.25%
/450 anti-reflective 1000nmM-1100nm R<0.25%
/574 low-absorption 343nm-355nm R<0.2%

performance of coating /008

performance of coating /065

10.0—r T 5 T
75 R < 0.25% @ 1500nm + 1600nm ] 4r ]
— — R|< 0.5 avg.% @ 400nm - 900nm
-4 x 3} i
2 2
s 30 s
5 g2
9 o T
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e e
2.5¢
0.0 I I I I | 0 I I I [ ——— I
500 750 1000 1250 1500 1750 2000 400 500 600 700 800 900 1000
wavelength A [nm] wavelength A [nm]
20 performance of coating /075 1s performance of coating /081
R <|0.25% @ 532nm
—_— 15_ —_—
S X 10}
T [rR</0.2% @355nm <
2 10k 1 =
> >
=S )
9] |9)
= 2 5 R < 0.2%|@ 1064nm
e |3
sk ]
0 \ : 0
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reflectivity R [%]

reflectivity R [%]
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performance of coating /094
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performance of coating /373
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20 performance of coating /449

15 8
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20 performance of coating /574
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00

| | |
3 400 500 600 700
wavelength A [nm]

reflectivity R [%]

Design wavelength

All optical systems, especially the coating of the lenses, are designed
for a special wavelength or wavelength range. The specifications
are demonstrated for a single wavelength and can deviate for a
different wavelength in the wavelength transmission band. For the
S4LFT4010/292, the specifications are declared for 532nm but it is
possible to use this f-theta objective in a wavelength range from
515nm to 545 nm without concern.

Absorption and thermal focus shift

Basic problem

With the increasing powers of available lasers, commonly used optical
glasses have been pushed to their limits in respect to acceptable
thermal effects: Via the exposure of optical glasses to laser radiation,
parts of the beam energy are absorbed into the material. This leads
to a heating effect with two mayor influences onto optical properties.
First, the heating changes the index of refraction of the glass and
second, thermal expansion leads to changes in the surface curvatures
and therefore changing the refraction of the laser beam. In the appli-
cation, starting from average laser powers of about 50 W at 1064 nm,
a resulting shift of the focal position can lead to decreasing process
quality and make online adjustments necessary.

Possible solution

Another option lies in the use of fused silica as lens element material.
It is a very resistive glass type which has also a very low absorption
coefficient compared to optical glasses. Therefore it is commonly
used to minimize thermal effects. Sill also uses special low-absorption
coatings to minimize thermal effects further and increase typical
damage thresholds.
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Other influences on absorption

Cleanness of the optical components plays also an important role
for absorption and therefore thermal effects. Of course there are any
larger dust particles (e.g. finger prints) are an extreme absorber of laser
radiation. But also time brings micro particles or other contaminations
onto lens surfaces. These are not visible to the human eye, but they can
be measured.

Measurements show that the absorption increases with the duration
to the last cleaning. A new lens cleaning resets the absorption values
to the original state.

Therefore regular cleaning of surfaces exposed to the environment
is recommended. This effect could not be shown for internal lens
elements, thus cleaning them is not necessary!

Please visit our website for further details on cleanness of lenses and
lens elements:

www.silloptics.de — products — Sill Encyclopedia — Correct Lens
handling and cleaning

Working distance

The working distance is defined as the distance from the front edge of
the housing of the lens to the focal or scanning plane of the objective.
Be careful to not mix this up with the effective focal length (EFL) of
an objective. This is measured from the principle plane, which is a
hypothetical plane were the refraction of the complete lens system can
be assumed to occur, to the focal plane of the optical system.

ZAERH

AR RS

WD
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General explanations

Diffraction value M?

The ability of focusing laser light is defined by ISO standard 11146 and
is described by the diffraction value M> This parameter is defined as
the ratio of the divergence angle of the laser beam as compared to the
divergence angle of an ideal Gaussian beam. An ideal Gaussian beam
would provide the smallest possible focus diameter and would have an
M?value of 1. Sometimes the quality of the laser beam is also described
by a parameter K which is the reciprocal of M2 The quality of a fiber
laser is often defined by the Beam Parameter Product (BPP). This value
is given by the product of the diffraction value M? and the wavelength
A divided by . Sill assumes an M? values of 1 in all statements about
spot sizes. Multiply the spot diameter by the actual laser M? value to
obtain an actual spot diameter.

M2 > 1

YN—ZAE—F
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Reversed Mode

In some applications it is necessary to reduce the beam diameter
instead of expanding it. Because of the same behavior of light in
forward and reversal mode beam expanders with a magnification
of x can be turned around to reach a magnification of 1/x. There are
also some applications for the reversal mode of f-theta lenses. Due
to the changed lens order, a beam expander or f-theta lens, which is
normally free of critical back reflections, is not necessarily ghost free in
reversed operation.

In the beam expander datasheet there is an information if the lens is
free from internal ghosts and suitable for USP lasers for the reversed
mode (“no internal ghosts, reversed usage”). If you are not sure if a lens
is suitable for your application (forward or reversed usage) feel free to
ask. Based on your system data (wavelength, input beam diameter,
pulse duration, pulse energy and cw power) it is possible to check if
lens and laser match.

Beam diameterd (1/e”)

The beam diameter is referenced to the drop of beam intensity to the
1/€2 point, i.e. to a point where the intensity has fallen to 13.5 % of the
peak intensity. If the beam diameter is cut at that point, the 13.5 % of
the total intensity would be lost. If the clipping occurs at the 1.5-times
beam diameter, the loss is only approximately 1 %.

2
l, /e
_

86.5%],

i
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PRIME—>3 78 Apodization factor
L > XEBEDE — AR EEH TN D ARY M X (&, The beam shape and focused spot size after transmission through a
AHEE AGE— AOHIEARICKE <BERULET. —HHEY lens is strongly dependent on its entrance profile in comparison to the
[CUIMELET TR U, ABE—ARILZBNER(AGIE)JEPT entrance pupil. A common description is given by the truncation ratio
BB EICKDROBDZENTEET, HENRFZTD T, which is the entrance beam diameter d, divided by the clear aperture
HIRUET ., UIKELEN0.5KETIE. E—AKFEFTS d., Typical examples are shown in the following sketch: Below a
L3 &EdDFERA. T=1TE 1/e2 (CHBIFBAHE— ratio of 0.5, the beam is approximately untruncated. If the entrance
LREFLXDAGEEEU<RDET, —MICE. /O beam diameter at 1/e? is equal to the clear aperture of the lens then
BEIEKR, NSV RY M X KORICKD AR MRE T=1. Typical applications are located in between those values, as a
ZERBLTC. ARICEDETEELET, compromise between low intensity losses or small spot sizes and high

costs due to large diameter lenses.
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General explanations

Spotsize (1/e?)

The minimal attainable focal spot size is calculated by the wavelength
of the laser multiplied with the focal length of the scan lens, the APO
factor and the diffraction parameter M? of the laser divided by the
1/e? beam diameter d,.

dy = ARy bE

dyy = AF ¥ LY XD AR
d, = NHE—L#E (1/e%)

fr= RF¥ 2L XDMELTHIE

1
1
1
1
1
1
1
1
1
1
1
1
1
!
1

A

STEHI

LT dL=6.0mm. dL=10.0mmdOHI>T>E— /A

[CDWTERIRY MIAZXZHEUET, (T T>—4)
L > X, S4LFT4010/292%Nd:YAGL —H —DE2EEK

(532nm) EE—AGIEEM2=1.2TERI DI EIRELE

I, L>XDOEMESRIEREZ=100.0mmTY ., VIEDLE
TEIRODEERMELE. BIREL(EIAGETT, CZTD
BIREOL > XDEMERFIERE. @35mm) TER., A
BE—-LABRFZERF VYOI RFTLDTIN—F v —FAXT

. TCT(E, dEP =10mm&ERELE .

A1

f'=100mm,A=532nm,d,,=10.0mm, M?*=1.2, d, =6.00mm

A2

f'=100mm,A=532nm,d,,=10.0mm, M?=1.2,d, = 10.0mm

L1U—R

HFE FLCL—T-RZCHNT. LAIU-—RKFrELrY
—L 220 E-ADI X M5 E—AMEEN2E(C12D
HFECOE—-AMiEAmISa>ZEMOZ EZ2ELET. L
1U—R(F EARRY SOEIEICHE (APOFREICKD)
ZHNTTeAEZ L —F —DRES KU E—AMEIEM2TE S Z
ELLELOTROBZENTEET,

d.
szﬂ-[?F

AFv LD XOERFEG. LAU-—ROEEHEETE
FI. ZEL. COERHKETUMETT .. EFEDE DA
BT CORRY MEOEFBEZRRY MECH UL TK
TIEBHEMUNHDDFIDT. TEBLZSN
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Calculation example

In this example, the focal spot size will be calculated for a Gaussian
beam with d =6.00mm and d =10.0mm. We assume the use of a
f-theta lens S4LFT4010/292 with a frequency doubled Nd:YAG laser at
532nm and a diffraction value M?=1.2. The lens has an effective focal
length of f'=100mm. Another very important value to determine in
addition to the truncation ratio T is the clear aperture or entrance
pupil. This is not the clear aperture of the f-theta lens (@35 mm), but
typically the limiting factor is the beam entrance diameter or aperture
of the scan system. Assume a very common value of d_,=10.0mm in
this case.

_ 6.00mm =0.600—*" s APO ~1.33
10.0mm
y A2 . . .
dp=/1 f“APO-M* _532nm-100mm-1.33 1-20z14‘2um
d, 6.00mm
_ 10.0mm =1.00—&="_y APO ~1.83
10.0mm
" CAf2 . . .
g oA/ APO-M' _532nm 100mm 1.83-120 ),
d, 10.0mm
Rayleigh length z,

In optics and especially laser science, the Rayleigh length or Rayleigh
range is the distance along the propagation direction of a beam from
the waist to the position where the area of the cross section is doubled.

The Rayleigh length is calculated by the focus area multiplied by a
factor (depending on the APO factor) divided by the wavelength and
the diffraction value M? of the laser.

APO/1.27)’

A-M?

The depth of focus of the scan lens can be estimated by a doubled
Rayleigh length. Be aware, that this is just a rough estimation and in
many modern applications this value can be too large to still fulfill
needed spot diameter requirements.
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o =sin"' (NAy,, ) = 12.7°

dy =2 f,-tan(o) = 22.6mm

NAfOCus = Sln|:tan_l (%ﬁ}} ~ 0.0750

2

M, = N 2.94

d

focus

= MNA : dﬁber & 587 “’m

Fiberimaging

A large focal spot is an advantage in many applications, like welding.
Here, fiber-guided lasers are often used which, in contrast to fiber
lasers, have a rather poor beam quality (M? value). As collimator
aspheres are used, where Sill offers standard and custom solutions. In
cutting heads the focusing is realized by aspheres, in scanning systems
an f-theta optic is used.

Using the ratio of focusing focal length f, to collimator focal length
f; provides an easy way to calculate the approximate spot size by the
ratio M=f,/f;. Usually, the fiber core is magnified. In a few applica-
tions a demagnification could be used but is limited due to physics.

Example using the focal lengths:

W fiber core diameter: dgper=200um

W focal length of collimator: f;=50.0mm

W fiber NA: NAfper=0.22

W focal length of focusing lens: f,=150.0mm

d. = EHAEY MR

The stated calculation is only a rough estimation, that is valid when
both focal length are close to each other. A more precise value can be
estimated using the numerical apertures:

O = halfbeam cone angle

dcoll = collimated beam diameter

NAfocus = numerical aperture on focusing side

M, = more precise magnification via NA calculation
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M Laser induced damage
threshold (LIDT)

Principal description

With the increase of more and more powerful laser systems, conven-
tional optics have to withstand these increasing powers. To specify this
behavior, the LIDT (Laser Induced Damage Threshold) was induced.
It defines a critical laser power or peak fluence, which the lens bulk
materials or the coatings cannot withstand and therefore the laser
radiation causes permanent changes in the optical characteristics,
permanently damaging the lens. With the broad variety of lasers and
different thresholds for the LIDT, it is often a very confusing and vague
topic. Therefore we will provide some overview and explanations in
the following pages. The basis for this information is the international
1SO 21254,

Energy density / Fluence

The most common LIDT declaration is given as the max. energy density
- also called fluence — which the used material can withstand. The
fluence is a unit of laser pulse energy per focal spot area and mostly
used for pulsed lasers. For an expressive declaration of the LIDT, not
only the value itself, but also the measurement conditions should be
given. This includes laser pulse duration, pulse repetition rate and the
wavelength.
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Laser induced damage threshold (LIDT)

Power density / Irradiance

When considering cw (continuous-wave) lasers, a definition of the LIDT
by a pulse energy does not make any sense. Therefore it is declared as
an irradiance, which is described by the laser peak power per effective
area (units W/cm? or W/mm?). It is also possible to define the damage
threshold by a linear power density (units W/cm or W/mm). If this
value is given for the laser, a measurement of the beam size is relevant.

_ L—Y—VY—Z i [W]
O A K v b E OB [em?]

Although the power is defined as laser pulse energy per pulse duration,
a conversion between a LIDT in fluence to a LIDT in intensity is not
automatically valid. The reason lies in the different destruction mecha-
nisms of the coatings from various laser types and test conditions.

Dependencies of LIDT

Laser induced damage is dependent on very many factors and
therefore it is not possible to guarantee the performance under all
possible circumstances. The given conversions in this chapter are
therefore just estimates. To ensure a stable and permanent high
quality performance of the lenses, we recommend a usage below
50% of the LIDT. Close operation to the LIDT could cause long-term
damage. Another important influence originates from tidiness and
periodic cleaning, which will be addressed in an extra chapter.

LIDT values depend - beside the pulse energy or peak power - on the
laser wavelength A [nm], pulse repetition rate R [typ. Hz— MHz], pulse
duration T [fs—ms], laser spot diameter d, [um-cm] / laser spot area
A[um?-cm? and the pulse shape. Of course, most of these values only
affect the fluency LIDT, as they are pulsed laser values. For cw lasers,
only wavelength, pulse shape and sport size are important.

In the following explanations of LIDT dependencies, examples given
assume an LIDT of 1 J/cm? measured at 1064 nm with a pulse duration
of 1ns and a repetition rate of 50 Hz.

Wavelength A

For any change in the laser wavelength, the LIDT value has to be
adjusted. The energy of a photon depends on the wavelength
E=hw=2mc/A, so shorter-wavelength laser light carries photons with
higher energy. This relation also reflects the behavior of the LIDT: Half
the wavelength results in the half LIDT value. Great care must be taken
with shorter wavelengths. These photons carry much more energy and
therefore the actual LIDT value can be much lower than estimated!
Thus declarations of the LIDT are meaningfully specified in the
wavelength region of their use.
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Pulse duration t

The dependency on the pulse duration scales with the square root. For
example, a 100ns pulse has an approx. LIDT /100= 10 times higher
LIDT than that for a 1 ns pulse with comparable pulse energy. This can
be counter intuitive! This confusion comes from the separation of the
time factor in comparison to the area factor. When calculating the
fluency of the laser beam, one does divide the laser pulse energy by
the beam area. But at no point in this calculation there is a conside-
ration that laser pulses compress the laser pulse energy in their pulse
duration. This means, that a pulse with a shorter pulse duration, but
the same overall laser pulse energy, has to compress the same amount
of energy into a shorter time interval. This leads to higher peak inten-
sities and therefore a much higher probability of damage. But against
intuition, this is not included in the ,fluency” but the LIDT value is only
given for a specific pulse duration.

In conclusion a shorter laser pulse does decrease the LIDT value as it
has higher peak intensities and therefore a higher chance to damage
the material. Thus a conversion of the LIDT value is necessary for
differing pulse lengths, as it is not directly considered.

Please be aware of this conversion being only valid in the range from
around 30ps to many ms pulse duration. Below the mentioned 30ps,
multi-photon absorption starts to occur, introducing new destruction
mechanisms and therefore any optic has lower thresholds in this
regime.

For pulse durations larger than 0.1 ms the LIDT for the irradiance has to
also be taken into consideration!
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Pulse repetition rate R
Pulsedlasers with a high repetition rate may show very similar behavior
to beams of cw lasers. As this is highly dependent on absorption and
heat dissipation, there is no solid rule to determine when an optic will
be damaged due to thermal effects. If you are unsure about the power
level, please contact SILL.

Laser spot size (diameter d, or area A)

The spot size has an enormous impact on the resistance of the lens
materials. As an example, assume a 1064 nm laser with a pulse energy
of 10mJ. When used with 500 um beam diameter through the lens, it
would have a fluence of F=5.093J/cm” and therefore surely destroy
any material with the stated LIDT=1J/cm? from above. If the beam
is expanded to a 5 mm beam diameter instead, the fluence would be
F=0.051J/cm? and the material should not be damaged at all.
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Laser induced damage threshold (LIDT)

Pulse shape

The rule of thumb about the pulse shape is as follows: As peak inten-
sities are considered, there is a difference between a top-hat like shape
and a Gaussian beam. Just note that the LIDT value for a Gaussian
beam is half the value of a top-hat shaped one.

Quick reference formula

For a quick estimate of the LIDT for your system with a laser pulse
duration larger than 30ps, the following formula can be used, while
“spec” indicates the values from the specification:

il LIRSS /L-LIDTSpec
(i) ‘A (ij A z‘spec Tspec

As an example, a pulse laser at 532 nm wavelength and 50ns pulse
duration is used. The given LIDT from the lens supplier may again be
1J/ecm? measured at 1064 nm with a pulse duration of 10ns. As calcu-
lated below, the LIDT can be estimated to be nearly 1.12 times higher.

J J
~1.12
cm’ cm’

Destruction mechanisms
The main damage mechanisms strongly depend on the laser
properties, but are also dependent on the lens and coating materials
in respect to geometrical properties, thermal conduction, absorption,
defects, homogeneity, and more.

Thermal absorption has to be considered with the use of cw or long
pulse (us) lasers. The damage is based on heating the lens material
until melting, irreversible material expansions or modifications to the
lens material. This damage mechanism also has to be considered for
short-pulse lasers with high repetition rates, when the material is not
given enough time to cool down between pulses.

Another cause of damage initially comes to play with short pulse
lasers. Local defects or even tiny inclusions can cause plasma build up
due to poor thermal conduction. This results in stress based breakth-
roughs and irreversible changes of the lens optical properties.

Furthermore, when considering ultra-short pulse lasers, additional
multiphoton processes can occur ionizing coating materials and
producing electrical breakthroughs when reaching critical electron
denisities.

LIDT of our coatings

In the following table we present the results of measurements of
the laser induced damage threshold. They were done in a clean lab
environment with acetone cleaned samples. Please be aware that
due to coating process variations, geometry of the lens elements and
the special testing environment, the real LIDT values might be much
lower (rule of thumb is 5 to 10 times to be sure). Therefore these values
are only test results and not a specification. In case of doubt, please
contact our experienced team. Otherwise we cannot recompense in
the event of damage.
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Laser induced damage threshold (LIDT)

TICS
extention | type wavelength specification | damage test pulse pulse
threshold wavelength | frequency length
(c0-on-1 LIDT)
/075 anti-reflective | 355nm R<0.2% 0.05J/cm? 343nm 100 Hz 1ps
/081 anti-reflective ;ggi;m 2:8;;%;/0 14.1)/cm? 1064 nm 100Hz 12ns
/126 anti-reflective 1064 nm R<0.2% 14.1)/cm? 1064 nm 100Hz 12ns
4.41)/cm? 532nm 100Hz 10ns
/292 low-absorption | 515nm-532nm R<0.2% 0.28J/cm? 515nm 100Hz 1ps
0.14)/cm? 531nm 1kHz 60fs
17.58 J/cm? 1064 nm 100 Hz 12ns
/328 low-absorption | 1030nm-1064nm | R<0.2% 0.57J/cm? 1030nm 100Hz 1.2ps
0.26)/cm’ 1029 nm 1kHz 54fs
~5J)/cm? 1064 nm 50Hz 1ns
/449 low-absorption | 900nm-1070nm R<0.25% 0.51J/cm? 1030nm 100Hz 1.2ps
0.38J/cm? 1029nm 1kHz 54fs
~1J/em? 355nm 50Hz Tns
/574 low-absorption | 343nm-355nm R<0.2%
0.18J/cm? 343nm 100Hz 1ps
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Correct lens handling and cleaning

To ensure a good performance and a long lifetime of optical compo-
nents, the proper handling and cleaning of lens is critical. Contami-
nations such as dust, water and processing remnants can increase
scatter light and light absorption and lead to defects. Thus, the optics
should be stored in the delivered package and only opened in a clean
environment. To avoid fingerprints on the optical surface and corre-
sponding lens damage through skin oils, gloves should be worn. For
a better handling of small lenses, the lens mount can be held with a
tweezer. Take special care to avoid scratches on the lens surface.

If contamination is visible on the front lens of an optical system or
on a single lens, it can be removed by these simple cleaning methods
Dust can be removed by using inert dusting gas or a blower bulb. If
there is still dust left on the surface, please use special lens tissues for
cleaning. As required, the lens tissues can be soaked with acetone for a
high cleansing effect and prevention of striations. With severe conta-
mination, it may be necessary to clean the surface first with distilled
water and if necessary, acetone.

Independent demounting of lenses leads to the expiration of the
warranty and should be done only by the manufacturer!
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