
Learn How Semrock Optical Filters can 
Help You Cut Costs, Ensure Quality,  
and Optimize Your Filter Bill of Materials

Custom Filters  
without the  
High Costs



Why Custom  
Filters DON’T  
have to be  
Costly Filters

Introduction 

You've just completed your newest product  
design and the prototype works. The only problem? 
It’s a massive tabletop of cluttered catalog optics 
with huge unused space between. By using 
customized optical filters designed specifically  
for your instrument and technique, you can:

   Reduce the size of your system

   Reduce the cost

   Reduce complexity

   Protect your supply chain

We discuss optical filter specifications, cost drivers, 
and reasons why you should explore custom  
filters as an additional cost-effective option.

Explore the specifications, 
theory, and technology 
behind Semrock optical 
filters from IDEX Health  
& Science and how you  
can reduce cost, maintain  
quality, and meet your filter 
bill-of-materials (BOM).

Optical filters are used in numerous 
applications, such as fluorescence 
microscopy, flow cytometry, point-of-care 
diagnostics, Raman Spectroscopy, and 
Optical Coherence Tomography. This blog 
explores the cost drivers of implementing a 
custom filter into an instrument to debunk 
the myth that custom must mean costly.  

We will cover the following topics:

INTRODUCTION TO CUSTOM  
OVER CATALOG BENEFITS

COST DRIVERS:  
HIGH, MEDIUM, AND LOW

WHY PARTNER WITH SEMROCK

Written by  
Toby Scrivener

Edited by  
Elizabeth Bernhardt
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Main Costs and a  
Collaborative Approach 

At IDEX Health & Science, our mission is to assist customers through 
collaborative partnerships. As specification experts, we guide projects 
from concept to production, handle system upgrades, and accommodate 
non-standard packaging. Our focus is always on finding tailored solutions 
for your specific needs. The iterative process of optimizing specifications 
for application performance, while minimizing costs, involves input from 
various teams including customers, sales engineers, optical engineers, 
QA, and logistics. As shown in Figure 1, our team can divide certain 
specifications into high, medium, and low cost drivers. In this article,  
we explore these specifications and cost drivers in greater detail.
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High CHA (>20º @ 0º or >2º @ 45º) 
Edge Steepness 
Wavelength Range

Size (area) 
Extended Blocking 
Flatness Requirements

Cosmetic Specifications 
Non-Standard Substrates 
Low Part Volume (e.g. <25 parts) 
AOI/CHA Tolerance

Figure 1: Optically complex responses increase coating thickness, which increases the cost.
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High Cost Drivers
AOI and CHA

AOI = 0º

AOI

CHA

AOI

CHA

Figure 2: The difference between angle of incidence (AOI) and cone half-angle (CHA).

When discussing filter requirements, it’s crucial  
to distinguish between Cone Half-Angle (CHA)  
and Angle of Incidence (AOI). Specifying an  
AOI range is not equivalent to specifying a filter  
with the same CHA value.

For instance, consider LL01-785 as a test subject. 
When we adjust the expected AOI of incoming 
light (Figure 3), the overall spectral performance 
of the MaxLine Laser Line filter remains relatively 
unchanged as the AOI increases from 0°, other  
than shifting to the blue as is expected for angle 
tuning. However, performance degrades rapidly 
with increasing CHA. Addressing this effect  
requires different design approaches.

Figure 4 illustrates the consequences of using  
a standard catalog filter not designed for  
large CHA. The desired performance (green) 
significantly differs from the realized performance 
(red). In contrast, a custom filter designed for  
CHA (Figure 4) shows improved out-of-band 
blocking and edge steepness. 

Here a high CHA would be considered  
as anything above 20° at 0° AOI, or >2° at  
45° AOI (Figure 4).

   Angle of Incidence (AOI): 
This is the angle at which a 
collimated beam of light is 
incident on the filter, relative 
to the surface normal, as 
represented in the first 
two panels of Figure 2.

   Cone Half Angle (CHA): 
Refers to the angular range 
associated with a non-
collimated incident beam,  
as shown in the third and 
fourth panel of Figure 2.

   Changing either the AOI  
or CHA of your incident  
light impacts the filter’s 
spectral response.
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Figure 5: Out of band blocking and edge steepness is improved when CHA is compensated with a custom filter.

Figure 3: The effect of a varied AOI is different to a varied CHA on this MaxLine Laser Line filter. 
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Figure 4: A standard filter without considerations to CHA shows reduced transmission performance, compared to a custom-designed filter with  
a high tolerance to high CHA. The green curve is CHA 0°. The red curve is CHA 25°.

450 460 470 480 490 500 510 520 530 540 550
0

10

20

30

40

50

60

70

80

90

100

WAVELENGTH (nm)

TR
A

N
SM

IS
SI

O
N

 (%
)

450 460 470 480 490 500 510 520 530 540 550
0

10

20

30

40

50

60

70

80

90

100

WAVELENGTH (nm)

TR
A

N
SM

IS
SI

O
N

 (%
)

TYPICAL BANDPASS FILTER WHEN USED AT CHA = 25° SEMROCK CUSTOM-DESIGNED TO TOLERATE HIGH CHA
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Edge Steepness and Transition Width

Edge  
Steepness

Refers to the wavelength points  
on a filter where it transitions  
from blocking to transmitting.

Transition  
Width

This term describes the maximum 
distance between the laser line 

(where optical density, OD,  
is greater than 6) and the  
50% transmission point.

Transition Width and Edge Steepness 
are related but not interchangeable.

Edge Steepness specifically measures 
the distance between where OD>6 

ends and the 50% transmission point.
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Figure 6: The difference between Transition Width  
and Edge Steepness.

High Cost Drivers (Cont.)

6



Wavelength Range

Spectral 
Range
The range (bluest to 
reddest wavelengths, 
such as from 200 nm 
to 2000 nm) for which 
you need the filter 
designed significantly 
impacts costs. Moving 
to the extreme ends of 
this range can increase 
coating expenses.

Extreme  
UV
Working in the extreme 
UV requires unique 
substrates and slower 
deposition rates, 
resulting in longer 
production times.

IR  
Range
For the infrared (IR) 
range, we use the 
same materials as in 
the visible range, but 
achieving the same 
spectral performance 
requires thicker 
coatings. Going from 
600 nm to 1200 nm 
doubles the required 
layer thickness.

Figure 7: The spectral zones in which your features are designed have different associated costs.
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Medium Cost Drivers
Flatness Requirements
Flatness refers to the deviation of a component 
surface from a perfectly flat reference plane. It’s 
crucial in applications where maintaining beam 
shape or image quality matters. The Reflected 
Wavefront Error (RWE) measures how much a 
reflected wavefront deviates from a perfect one.

   At normal incidence, flatness and RWE  
are related by a factor of 2.

   At non-normal incidence, the relationship 
depends on the angle of incidence.

If you’re designing a filter with strict flatness 
requirements, we use a stress-compensating 
coating. This coating balances forces to maintain 
flatness, but it increases cost due to longer coating 
chamber time. Thicker substrates can help mitigate 
the cost by using the number of layers needed  
for the stress-compensating coating.

Extended Blocking/  
Deeper Blocking
We analyze customer system requirements to 
recommend cost-effective blocking solutions. 
Often, customers ask for the highest level of 
blocking beyond their area of interest. By adopting 
a stepped approach and considering light levels 
and detector sensitivity, we can reduce costs 
significantly, as demonstrated in Figure 9.

Part Size (area)
At times, filter size can be the easiest way to reduce cost. Smaller filters generally cost less than larger ones, 
especially when produced in large quantities. However, very small parts (under 5 mm) pose challenges in 
manufacturing, handling, and packaging. Larger parts can be more complex to manufacture, and costs don’t always 
scale linearly. During the design stage, we provide consultative advice on the optimal filter size for your application.

Figure 8: Examples of RWE when the optical design does not 
have a stress compensating optical coating.

Figure 9: A balanced approach to OD (Left) has cost savings 
over an extended blocking approach.
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Low Cost Drivers
Cosmetic Specifications

SCRATCH AND DIG

All optical coatings have cosmetic imperfections no matter how they are manufactured. There are many 
requirements that could considered to be a cosmetic specification. One of the more significant specifications 
would be Scratch-Dig. We rely upon the definitions and inspection techniques established by the American 
National Standard Institute (ANSI) contained in standard ANSI/OEOSC OP1.002-2009.

Scratch and Dig (S/D):

   Scratch: A long imperfection caused by marking 
or tearing on the optical surface. It has a 
v-groove contour and is significantly longer in 
dimension than it is wide. Customers specify 
the maximum allowable scratch width within 
the filter’s clear aperture (CA) (e.g., a “60” 
designation allows a width up to 60 microns).

   Dig: Round or irregular holes (pinholes),  
including grinding pits and open entrapped 
bubbles. Digs are characterized by their actual 
diameter (specified in units of 10 microns). 
Customers set the maximum allowable dig 
diameter within the CA (e.g., a “40” designation 
allows up to 400 micron diameter).

   Inspection is defined by the ANSI standard.  
It involves using either a 40-watt incandescent 
lamp or two 15-watt fluorescent lamps  
against a black background, comparing  
filters by eye to a Comparison Standard  
at a 45° angle of incidence.

   Only cosmetic imperfections inside the clear 
aperture are included in the S/D specification. 
More than one imperfection of each type  
is allowed, up to a certain number as  
defined by the ANSI standard.

Edge Chip and Clear Aperture

   When parts are cut, edge chips may  
occur due to dislodged coating.

   Semrock’s standard specifies edge chips  
must lie no further than 0.5 mm from  
the part edge, though other specifications  
are possible upon request.

Edge chip 
specification: 
standard is 
≤0.5 mm

Edge chips 
are permitted 
within 
this region

Figure 10: The CA is necessarily limited to the outer 
dimension minus 2x the edge chip specification.
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Low Cost Drivers (Cont.)
Edge Blackening and Part Marking

Non-Standard Substrates

Figure 11. The options for part marking are numerous.
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Edge blackening prevents or reduces light  
leakage through the edges of unhoused parts. 
Typically done by hand for small volumes, this 
process can be costly. However, it may not be 
suitable for very small parts.

For catalog parts with standard sizes (25 mm⌀ or 
12.5 mm⌀), an aluminum ring housing can  
be used. These rings can be laser marked with 

If your optical filter needs a non-standard substrate, additional substrate polishing may be required to balance the 
polishing table. Without this, meeting target specifications is unlikely, leading to increased costs and lead time.

custom text and an arrow indicating  
the direction of light propagation.  
Alternatively, for parts that don’t fit  
into a housing ring, handwritten text  
or a caret can serve the same purpose.

Tighter cosmetic specifications impact  
cost by reducing the yield but are  
available upon request.

Figure 12. Multiple substrates are required to balance the polishing process.

Single Substrate 
Can Lead to 
Unbalanced Table
Substrate won’t 
meet specifications.

Typically 3 to 5 
Substrates 
Are Polished 
Balanced table results in 
specifications being met.
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AR (2nd Side Coating)

Other Considerations

Applying an AR coating to one side of a substrate 
adds to the cost of creating an optical filter. However, 
since these coatings are thinner than the primary 
optical coating, they take less time to apply, making 
them a low-cost driver.

We can consider other important qualities and 
specifications, such as GDD Compensation, Zero 
Pixel Shift, and Polarization specifications. Discuss 
any significant considerations for your application 
with your sales representative.
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Why Partner with Semrock?
Semrock Optical Filters from IDEX Health & Science  
set industry standards by combining advanced  
ion-beam-sputtering systems with proprietary  
deposition control technology, predictive algorithms,  
and volume manufacturing. This results in unmatched 
performance for biotech and analytical instrumentation.

Customer Satisfaction 

Our team continuously improves supply chain 
management and manufacturing processes, 
ensuring rigorous documentation, revision control, 
and traceability. We maintain inventory levels to 
meet delivery goals.

Flexible Delivery 

We offer filters to meet demanding specifications, 
available through blanket orders, purchasing 
contracts, or just-in-time delivery. Our products 
cater to a wide range of applications, including:

   Fluorescence filters

   Raman spectroscopy filters

   Tunable bandpass filters

   Deep notch filters

   Laser-line filters

   Laser diode clean-up filters

   Filters for combining or separating laser beams

   Filters for isolating mercury lamp lines

   Polarization filters

   Dispersion controlled  
coating designs

   Laser mirrors

Custom Solutions 

Our core strengths include:

   Wavelength functionality from  
230 nm to 2000 nm

   Production capacity of tens of  
thousands of parts per month

   Proprietary spectral measurement systems  
such as KolaDeep to measure to OD8+.

   Sizes from 1 mm² on 0.5 mm thick  
glass to 200 mm

   Spectrally complex custom designs  
(e.g., LED optimized filters)

   Custom sizing (round, square, rectangular)

   On-filter laser engraving for easy  
identification and storage
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State-of-the-Art  
Manufacturing 

Our facilities use advanced coating chambers in 
cleanroom environments, with thin-film sputtering 
for precise, reliable optical layers. Our proprietary 
processes and optical monitoring technology 
enable high-volume production.

Performance

Semrock optical filters offer the highest transmission 
specifications for better contrast and faster 
measurements, even at UV wavelengths. They 
feature maximum transmission, optimized blocking, 
and steep edges for market-leading performance.

Spectral Blocking

Cutting Edge

Edge Printing

Life Science 
& Industrial 
Applications

Durability 

Semrock optical filters are resistant to humidity 
and temperature-induced degradation, backed 
by a 10-year warranty. They meet or exceed 
MIL-STD-810F, MIL-C-48497A, MIL-C-675C, and 
ISO 9022-2 standards, reducing replacement 
costs and ensuring reliability with a return rate 
of just 0.3% (industry standard is 1%).
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Custom Filters
Why choose custom optics with Semrock?

Semrock catalog parts are world-renowned for their performance, and we offer custom-sized 
parts as a standard service. So, why switch to custom parts? Here are four reasons:

Reduce System Size 

Custom optics designed to your specifications 
can fit more compactly, allowing you to create 
instruments with a smaller footprint or fit more 
optics into the same space.

Reduce Costs 

By consulting on required specifications and 
considering cost drivers, we can make custom  
filters as affordable as standard catalog parts.

Reduce Complexity 

Custom filters tailored to your optical requirements 
can reduce the number of filters needed, improve 
performance, and create an optimized beam path.

Protect Your Supply Chain 

Custom filters with long-term contracts ensure  
your parts always meet specifications, avoiding 
issues from changes to catalog parts. We  
consider your needs when making any  
changes in our coating facility.
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Figure 13. Forty coating runs in different coating chambers and facility locations 
demonstrating reproducibility and reliability.

Whether from the first lot or the last, our filters maintain consistent spectral properties.  
OEM customers can rely on a secure and dependable supply line, as shown by the 
reproducible performance of the same filter from 40 different coating runs in Figure 13.
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If you’re looking to:
   REDUCE THE SIZE OF YOUR SYSTEM

   CUT COSTS WITHOUT COMPROMISING QUALITY

   SIMPLIFY YOUR OPTICAL DESIGN

   SECURE YOUR SUPPLY CHAIN WITH RELIABLE, CUSTOM SOLUTIONS

Ready to explore custom  
or standard filter options?

Semrock is here to help you achieve your goals. With our  
expert team and advanced technology, we’ll collaborate  
with you to design filters that meet your exact specifications.

Contact us today at  
www.idex-hs.com/custom-optics
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For ordering, technical support,  
and contact information please visit  

www.idex-hs.com/semrock
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