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Medical technology sits at the 
intersection of innovation, pre-
cision, and responsibility. Every 
component must not only per-
form in an initial prototype, but 
also remain consistent as the 
product moves through verifica-
tion, regulatory review, and serial 
production. Achieving that con-
sistency requires the medical-de-
vice developer and component 
manufacturer to define require-
ments together, early enough to 
influence both the system design 
and the production strategy.

Optical filters illustrate why ear-
ly collaboration matters. Their 

required performance depends on 
the source, detector, beam geometry, 
environment, and clinical purpose 

of the complete system. A proto-
type demonstrates what one filter 
achieved; the specification defines 
what every production filter must 
achieve. If it does not capture the 
performance on which the system 
depends, a conforming filter can 
still produce different system results.

Planning for regulatory and 
change-control requirements
The FDA’s Quality Management 
System Regulation incorporates ISO 
13485:2016, while Europe’s MDR 
and IVDR similarly emphasize 
risk management, documentation, 
traceability, and lifecycle control. 
Although an optical supplier does 
not obtain approval for the finished 
device, its processes, records, and 

notifications can affect the device 
manufacturer’s compliance.

When an optical material, coat-
ing process, manufacturing plat-
form, facility, or inspection method 
changes, the device manufacturer 
must assess whether the change 
could affect safety, effectiveness, or 
validated performance. Depending 
on the risk and the result of that 
assessment, additional verifica-
tion, validation, documentation, or 
regulatory action may be required. 
Post-qualification discovery that a 
prototype process is poorly suited 
for production can therefore create 
substantial cost and delay.

This is why supplier selection 
matters early. An established sup-
plier should formally review pro-
cess changes, maintain traceability, 
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Behind the scenes of 
optical filter production: 

precision coating processes 
create the functional layers that 

define filter performance
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and notify customers according 
to agreed change-control require-
ments. Not every company capable 
of producing a technically accept-
able filter has sufficiently robust 
systems to manage change control 
consistently.

Optical filters as a case study
A common example is the tran-
sition from ion-beam sputtering 
(IBS) to magnetron sputtering. 
Both technologies can produce 
dense, durable, high-performance 
optical filters, but their equipment 
and production economics differ. 
IBS chambers are generally small-
er, making them attractive for de-
velopment quantities. Producing 
three to ten prototype filters in a 
smaller chamber can cost less per 
coating run and waste less unused 
substrate area, even though the re-
sulting price per part may be higher 
than at production volume.

Magnetron sputtering becomes 
more favorable as demand increas-
es because a larger chamber can 
accommodate more substrate area 
in a single coating run. Coating 
only a few prototypes in a produc-
tion-scale chamber remains in-
efficient because most coating-run 
costs are incurred whether it con-
tains two wafers or twelve. Partial 
loading reduces wasted glass, but it 
has limited effect on the total run 
cost.

Ion-beam sputtering may there-
fore suit low-quantity prototypes, 
while magnetron is intended for 
serial production. If a system qual-
ified with IBS filters transfers later, 
the change must be controlled and 
evaluated. Once the expected pro-
duction volume is understood, the 
parties should agree on the intended 
production process and determine 
when production-representative 
filters must enter the verification 
process.

The specification defines 
production performance
Transferring a coating between 
platforms is not simply a matter of 
running the same recipe in a larg-
er chamber. Differences in coating 
design, deposited material proper-
ties, chamber geometry, substrate 
motion, and process control can 
produce filters that are not identi-
cal. An IBS filter and a magnetron 
filter may both satisfy the same re-
quirements for physical thickness, 
transmission, blocking, and flatness 
while differing in spectral details or 
visual appearance.

An IBS prototype may also 
substantially exceed the written 
requirements. A drawing might re-
quire greater than 90 % transmis-
sion and OD5 blocking, while the 
IBS-produced prototype provides 
96 % transmission and blocking 
approaching OD6. If the medical 

system is developed around that ad-
ditional margin, a magnetron filter 
that meets – but does not exceed 
–  the original requirements may 
provide less signal or more back-
ground. The production filter is 
conforming; the specification sim-
ply did not capture all of the perfor-
mance characteristics on which the 
system came to depend.

The filters may even appear to 
be different colors because their 
spectra differ outside the con-
trolled regions. This does not nec-
essarily indicate a defect, but it can 
confuse incoming inspection or 
assembly personnel and interrupt 
production. 

The goal is not to reproduce 
 every incidental characteristic of an 
early prototype. It is to determine 
which characteristics are essential 
to the medical system, establish 
appropriate margin, and translate 
them into measurable requirements 
that the supplier can manufacture 
and inspect consistently.

How filter specifications affect 
medical-device outcomes
Center wavelength, bandwidth, 
transmission, and blocking are 
starting points, but they do not 
completely describe filter perfor-
mance. Requirements depend on 
the filter’s position, what light must 
pass or be rejected, and the conse-
quence of unwanted light reach-
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Fluorescence-guided surgery
In fluorescence-guided surgery, fil-
ters help visualize markers used to 
distinguish tissue, assess perfusion, 
or identify structures in real time. 
The system must transmit fluores-
cence while rejecting stronger exci-
tation light, tissue autofluorescence, 
and ambient background. Leakage 
can reduce contrast or saturate the 
camera; uneven performance can 
vary brightness across the field. 
The result could be incomplete or 
misleading guidance when identify-
ing tissue boundaries or evaluating 
perfusion.

Medical lasers
In medical-laser systems, filters 
may select the intended wavelength, 
reject unwanted emission, attenuate 

power, or route wavelengths along 
separate paths. Requirements may 
include blocking range, trans-
mission or reflection at the actual 
use angle, polarization sensitivity, 
power handling, and laser-induced 
damage threshold. Too little deliv-
ered energy may result in an inef-
fective or incomplete treatment; 
too much energy, an unintended 
wavelength, or a damaged filter 
may increase the risk of excessive 
heating or injury to tissue. For this 
reason, filter performance must be 
specified in the context of the laser’s 
intended clinical function, rather 
than evaluated as an isolated com-
ponent.

Specifications must include 
operating and measurement 
conditions
A spectral requirement is incom-
plete if it does not define the con-
ditions under which it must be met. 
Using an interference filter at an 
angle other than its nominal design 
angle shifts its spectral response. A 
converging or diverging beam con-
tains a range of incidence angles, or 
cone half-angle, that can broaden 
an edge or passband. Polarization 
can introduce further differences, 
particularly at larger angles.

Orientation also matters. Many 
interference filters are not opti-
cally identical on side 1 and side 2 
because the functional multilay-
er coating and the opposite-side 

Fluorescence 
filters reveal the 

details within cells 
and thus enable new 

insights into life.
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ing the sample, detector, camera, 
patient, or observer.

Fluorescence diagnostics
In fluorescence microscopes, PCR 
systems, flow cytometers, and other 
diagnostic instruments, excitation 
and emission filters must be eval-
uated as a pair. Their edges and 
tolerances must keep intense exci-
tation light from reaching the detec-
tor. Insufficient blocking can raise 
background, create crosstalk, or ob-
scure a low-level signal, potential-
ly contributing to a false-positive, 
false-negative, or other incorrect 
classification.

Autofluorescence is the natu-
ral emission of light by biological 
tissue, cells, substrates, adhesives, 
or other materials after optical ex-
citation, without an intentionally 
added fluorescent label. It is often 
overlooked when filters are speci-
fied only around the fluorophore’s 
peak wavelengths. If the filter pass-
bands also collect strong autofluo-
rescence, the increased background 
can reduce signal-to-noise ratio and 
detection sensitivity even when the 
intended fluorescence is transmit-
ted efficiently.

At the heart of medical innovation, optics enable precision, performance, and new possibilities in 
medical devices.

Ed
m

un
d 

O
pt

ic
s



O p t i c s  a n d  p h O t O n i c s

21© 2026 Wiley-VCH GmbH Physik Journal Best of, October 2026

coating may serve different pur-
poses. Installing the filter back-
ward can increase back-reflections, 
stray light, or ghost images and may 
change how light interacts with the 
coating and substrate. The drawing, 
housing, and assembly instructions 
should identify the required orien-
tation using a durable, unambigu-
ous convention.

Clear aperture and spatial uni-
formity must also be considered. 
A measurement at the center of a 
witness sample may not represent 
performance over the usable area of 
every finished filter. The specifica-
tion and inspection plan should de-
fine the relevant aperture, measure-
ment locations, spectral resolution, 
and whether compliance is based 
on average, minimum, or absolute 
performance.

Depending on the application, 
a production-ready filter specifica-
tion may include:

 Passband wavelength range, edge 
locations, tolerances, and mini-
mum transmission,

 blocking level and the complete 
wavelength range over which it 
applies,

 pinhole inspection requirements, 
where criteria should define al-
lowable defect size, quantity, lo-
cation, illumination conditions, 
and detection method,

 angle of incidence, cone half- 
angle, and polarization condi-
tions,

 clear aperture and spectral uni-
formity across the usable area,

 filter orientation, side identifi-
cation, and controls for back- 
reflections or ghost images,

 physical thickness, wedge, flat-
ness, or transmitted wavefront, 
as relevant to the optical path,

 surface quality, cosmetic require-
ments, and applicable ISO 10110 
drawing indications,

 operating temperature, humidi-
ty, cleaning, and environmental 
durability,

 optical power density and 
 laser-induced damage threshold, 
where applicable,

 measurement equipment, spec-
tral resolution, sampling plan, 
and acceptance calculation,

 lot traceability, approved pro-
duction platform, and customer 
change-notification require-
ments.

Collaboration turns 
system needs into 
controlled  production
Early specification work is most 
effective when the medical-device 
developer shares the system-level 
information that drives optical per-
formance. For the filter examples 
discussed here, this may include 
the source spectrum, detector sen-
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sitivity, fluoro-
phores or laser 
wavelengths, beam 
geometry, environ-
mental conditions, assembly 
constraints, and performance tar-
gets. A collaborative optical man-
ufacturer can then translate those 
needs into requirements that are 
technically meaningful, manufac-
turable, and measurable.

This principle extends beyond 
filters. The combined tolerances of 
lenses, prisms, mirrors, windows, 
coatings, and other components 
ultimately determine system per-
formance. For optical subsystems 
and complex assemblies, early col-
laboration allows optical, mechani-
cal, alignment, manufacturing, and 
inspection requirements to be con-
sidered together against the device’s 
imaging, detection, or treatment 
requirements.

When selecting an optical man-
ufacturing partner for a medical- 
device program, important con-
siderations include:
 An ISO 13485-certified quali-

ty-management system: Look 
for established processes sup-
porting documentation, trace-
ability, risk-based controls, 
nonconforming product, and 
corrective action. 

 Robust change control: The 
manufacturer should identify, 
evaluate, document, and com-

municate changes to mate-
rials, platforms, facilities, 

equipment, or inspection 
methods. Customer- 

notification require-
ments should be 

established before 
production. 
  Collaborative 
specification de-

velopment:  The 
manufacturer should 

translate system needs 
into measurable compo-

nent and assembly require-
ments so conforming optics 
support consistent production 
performance. 

 Transparent communication 
about capability and capaci-
ty: The manufacturer should 
demonstrate the technology, 
equipment, capacity, and qual-
ity controls needed for both 
successful prototypes and re-
peatable, on-time volume pro-
duction. Potential platform 
transfers, limitations, and quali-
fication requirements should be 
addressed before design freeze.

A filter that passes its drawing – or 
an assembly whose components 
pass inspection – may still be in-
sufficient if the requirements do 
not reflect the complete system. 
The right optical partner helps de-
velop those requirements, designs, 
and manufactures with the final 
application in mind, controls pro-
duction, and communicates chang-
es. The specification then becomes 
the shared technical link between a 
successful prototype and a reliable 
medical product.
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