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Recent Developments in the Field of
Precision Optical Coatings

Customized interference filters for a wide field of photonic applications

Marcus Frank

1 Introduction

Photonics is considered to be one of
the key enabling technologies for many
attractive applications. For almost all
photonic devices, optical coatings are
key components to tailor the spec-
trum specifically for each application.
A wide variety of requirements exist
in this field, like e.g. filter(arrays) with
very small dimensions, high transmis-
sion UV filters with deep absorption
free blocking close to the transmission
wavelength, broad band absorption
free and high reflection or miniaturized
polarizing beam-splitters, which need
to be manufactures cost effectively in
high volumes.

This paper presents a selection of op-
tical key components and the specific
spectral requirements of the optical
coatings including their applications.

Keywords: micro-patterned optical
filters, broad band high and absorption
free reflection, UV filters, miniaturized
polarizing beam splitters

2 Biochip applications

Biochip applications are extremely di-
verse. They can be used for e.g. for gene
sequencing as well as for water quality
monitoring or food screening (e.g. pes-
ticide residues detection, genetically
modified food detection etc.). Each
chip is developed with a clear focus on
the particular user needs. The substrate
selection is one of the most critical de-
cisions when designing a new biochip
and depends strongly on the applica-
tion. Substrates must be low cost, in-
ert as far as possible, uniform in terms
of surface properties and the material
must be suitable for the integration
of customized features. For glass sub-
strates e.g. patterned chrome might
apply, fluorescence filters, conductive
coatings, laser markings or channel
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FIGURE 1: Customized functions integrated on a biochip substrate.

structures as shown schematically in
Fig.1.

Fig. 2 for example shows a custom-
ized biochip substrate, which is the
basis for a gene-specific probe. For the
manufacturing process of this chip a
high absorption is needed at 365 nm
and 405 nm to eliminate disruptive flu-
orescence from the glass substrate and
multiple reflections from its surface. To
make an effective fluorescence analysis
possible, the transmission is required
to be maximized for the excitation
wavelengths 488 nm and 532 nm and

SUMMARY

This contribution discusses a choice of
high-precision interference coatings
which are customized for specific ap-
plications in different photonic mar-
ketplaces:

» Individually marked wafers with
AR coatings and patterned chrome
layers which are used as base sub-
strates for biochip applications.

» High transmission, low-loss UV-fil-
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the emitted wavelengths at 570 nm,
590 nm and 670 nm. The spectral char-
acteristic including the required trans-
mission is shown in Fig. 3.

Additional features requested by the
customer are individual serial numbers
on each wafer and chrome patterns
used for chip alignment (see Fig. 2)

3 UV-Microscopy

For wafer inspection UV-light is used
to reliably detect contaminations as
it provides bright contrast. Since the

ters to select specific UV wave-
lengths from illumination sources
like mercury arc lamps.

» A high reflective broadband all di-
electric mirror for applications in
harsh environments.

» Miniaturized polarizing beamsplit-
ter cubes for micro-projection and
Near-Eye Displays.
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FIGURE 2: Wafer scale manufactured customized substrate with AR coating, serial numbers and
chrome alignment patterns.

size of the integrated circuit patterns
continuously decreases, the minimum
particle size required to be detected be-
came also smaller (< 20 nm) and hence
the required illumination wavelength
also decreases. Typically the illumina-
tion wavelength is required to be well
defined and high power illumination
sources like mercury arc lamps are used.
These illumination conditions generally

ZUSAMMENFASSUNG

Aktuelle Entwicklungen auf dem Gebiet
hochpraziser optischer Schichten

Dieser Beitrag behandelt eine
Auswahl von hochprézisen Inter-
ferenzschichtsystemen, die an spezi-
fische Anwendungen in verschieden-
sten Méarkten angepasst sind:

» Individuell markierte Wafer mit
AR-Beschichtungen und struktu-
rierte Chromschichten, die als Ba-
sissubstrate fiir Biochip-Anwend-
ungen dienen.

» Hochtransparente und verlus-
tarme UV-Filter zur Selektion bes-
timmter UV-Wellenldngen aus
Beleuchtungsspektren wie z.B.
Quecksilberdampflampen.

» Ein hochreflektierender auss-
chliesslich  dielektrischer Breit-
bandspiegel fir Anwendungen
unter rauen Umgebungsbedin-
gungen.

» Miniaturisierte  polarisierenden
Strahlteiler fiir Mikroprojektoren
und Near-Eye-Displays.
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require high transmission (>90 %) nar-
row bandpass filters (FWHM < 5nm)
and an effective blocking (~OD 5)
around the transmission wavelength.
This blocking is required to be achieved
by dielectric materials only, to minimize
absorption and consequently extensive
heating, leading to a possible destruc-
tion of the filter component. In Fig. 4
two bandpass filter solutions designed
for 260 nm are shown as examples. Fil-
ter 1 with a transmission of 88 % was
designed with a standard blocking OD3
up to 480 nm. Filter 2 compromises the
transmission (max. 75 %) but allows
for a deeper blocking of OD5 around
the transmission band and OD3 up to
650 nm. Deep and broadband dielec-
tric blocking requires a high number of
layers. Therefore the filter 1 and filter 2
consist of 130 and 200 layers which sum
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FIGURE 3: Spectral characteristics for a customized biochip sub-

strate for gene sequencing.

up to a coating thickness of 7 um and
12 um respectively. Transmission and
blocking performance is a typical trade-
off and needs to be balanced according
to customer requirements.

4 Broadband Dielectric Mirrors

Broadband dielectric mirrors are char-
acterized by a reflectivity of >99%
covering a wavelength range between
320 nm to 2000 nm and by a wide ac-
ceptance range for the angle of inci-
dence (0°-50°). Absorption losses are
minimized as far as possible by using
dielectric layer materials only. The ab-
sence of any metal layers in the coating
minimizes corrosion and qualifies this
filter for use in harsh and humid envi-
ronments. When used for a white reflec-
tance standard, its excellent mechanical
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FIGURE 4: Bandpass filter solutions designed for 260 nm with different blocking and transmission

performances.
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FIGURE 5: Measured broad band spectral reflectance of non-polarized light at an AOI of 8°, 25°, 50°.
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FIGURE 6: PBS application in a LCOS projection system for near-eye displays.
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FIGURE 7: Spectral characteristics of a PBS cube for a near-eye application.
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durability allows the filter to be cleaned
repeatedly.

These mirrors are frequently used
in experimental setups which require
a flexible application of different wave-
lengths. The wide reflectance range e.g.
allows using a pilot laser to adjust the
optical setup and simultaneously the
actual application wavelength of a dif-
ferent light source.

As an example Fig. 5 displays a cus-
tomized mirror with a consistently high
and broad band reflectance between
350 nm and 1100 nm at an angle of in-
cidence (AQI) of 8°, 25° and 50° respec-
tively. This mirror demonstrates the
almost unaffected high reflectance and
the change of the reflectance band-
width in the indicated angle range.

5 Miniaturized Polarizing Beam
Splitters

Miniaturized projection systems like
near eye displays, as shown schemat-
ically in Fig. 6, are driving the need for
advanced and miniaturized polarizing
beam splitter (PBS) cubes. In order to
achieve an optimum light throughput
any non-functional area on the optical
surfaces must be eliminated by apply-
ing an edge to edge coating technol-
ogy, for the PBS coating as well as for
the AR coatings on the outer cube sur-
faces. Some customized cube designs
also require patterned or uniform black
chrome coatings to reduce unwanted
scattered light. Fig. 7 shows the transmit-
ted spectra of the s- and p-component
of a PBS cube for a near eye application
as well as the reflected s-component
at 45° between 440 nm and 660 nm.
Ts was requested to be <0.7 % within
this wavelength range while Tp was
required to be >89 %. Hence a separa-
tion ratio for the polarization Tp (min.)/
Ts (max.) of 127 was achieved. Typi-
cally the separation ratio needs to be
as high as possible for an angle range
of 45°+ 10° In this solution Ts < 4%
and Tp > 78 % was achieved for 35° be-
tween 440 nm and 660 nm (Tp (min.) /
Ts (max.)=19). To achieve these spec-
tral requirements it is obviously a key
to minimize any absorption losses.
The total coating stack consists of 62
layers and sums up to a total thickness
of 4.8 um. A high number of layers are
thinner than 30 nm and the thinnest
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layer is just 10 nm thick. Therefore sta-
ble deposition processes must be op-
timized in particular to reduce losses
caused by interface absorption.

As near eye applications are consid-
ered to be future consumer products,
the component sizes need to be mini-
mized as shown in Fig.8 and the manu-
facturing process must be designed to
be suitable for cost effective high vol-
ume production.

6 Summary & Conclusion

Four specific optical coating solutions
were presented in this contribution.
Each of them represents a key compo-
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nent in a photonics application like in
biochip substrates, in UV- microscopy,
near-eye displays or broadband low loss
reflection. All these coatings and the
associated deposition processes were
designed and developed in close coop-
eration with the customers to optimize
the function for the specific application
requirements. Close customer relation-
ship, design and process competence in
optical coatings combined with a solid
experience in optical assemblies mass
production makes further attractive
photonic marketplaces accessible, e.g.
the automotive and aviation sectors as
well as the medical or lighting markets.
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FIGURE 8: Miniaturized PBS cube for near-eye display applica-
tions.
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