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Optical assembly tolerances can impact whether imaging systems perform as intended or fall 
short when deployed. Dimensional tolerances that are off in a lens assembly can degrade image 
quality. Angular misalignments can shift focal points beyond acceptable ranges, and other 
tolerance differences can alter characteristics and system performance.

OSE Optics has provided precision optical systems for defense, medical, and other industrial 
applications for nearly a decade. We understand the impact of tolerances on performance and 
meeting industry demands.

From night vision assemblies to fiber optic medical devices, tolerance specification extends 
beyond dimensional accuracy. It requires balancing several factors: optical performance 
requirements, manufacturability constraints, and cost realities. This guide will walk you through 
understanding optical specifications and provide insights to help navigate these trade-offs.
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UNDERSTANDING OPTICAL SPECIFICATIONS

Critical specifications include:

	� �Surface quality. Scratch-dig ratings per MIL-PRF standards that quantify 
allowable surface defects.

	� �Centering tolerances. The angular relationship between the optical axis and 
mechanical mounting surfaces.

	� �Surface figure. Deviation (in flatness or curvature) from ideal shape.

	� �Coating specifications. Reflectance, transmittance, and absorption 
characteristics across wavelength ranges.

Optical specifications define measurable characteristics that affect component and assembly 
performance. Unlike mechanical tolerances focused solely on dimensional accuracy, optical 
tolerances address both physical geometry and light interaction properties.

Understanding these interdependencies prevents over-specifying tolerances and provides an 
important framework for addressing optical specifications.
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CATEGORIZING OPTICAL TOLERANCES
Dimensional tolerances are a key part of ensuring fit and accuracy in optical assemblies. Controlling 
angular tolerances also contributes to optical alignment and accuracy.

Dimensional Tolerances

Dimensional tolerances can generally be categorized by the degree of precision:

	� �Standard. Non-critical applications where general machining tolerances 
suffice.

	� �Precision. High-quality imaging applications (smaller acceptable range for 
diameter, length, width, thickness).

	� �High Precision. Projects demanding an advanced, specialized approach and 
stringent controls to maintain sub-micron accuracy. 

For optical systems, working with military standards, ANSI requirements for optics and electro-optics, 
and ISO 10110 standards can support efforts with achieving precision in assembly.
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Angular Tolerances

Angular misalignments can result in beam deviation and other issues that can impact optical 
systems. Angular specifications to account for include:

	� ��Wedge angle. Parallelism between optical surfaces, typically specified in arc-
minutes.

	� �Centering error. Angular deviation between optical axis and mechanical 
datum.

	� �Tilt tolerance. Allowable angular deviation during mounting, particularly 
important for prisms and mirrors. 

For certain high-precision applications, maintaining centering tolerances through active alignment 
methods can be beneficial. With camera lenses, this can optimize tilt and rotation during assembly to 
allow for high-resolution imaging.
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IMPACT OF TOLERANCE ON OPTICAL PERFORMANCE
Tolerance stack-up in optical assembly takes into account how potential alignment, power 
throughput, or image quality issues can affect system-level performance. 

How Tolerances Affect Image Quality

Image quality metrics can be used to predict how tolerances translate to real-world performance:

	� �Modulation Transfer Function (MTF). Describes contrast reproduction. 
Centering errors and surface figure deviations reduce MTF, particularly at 
higher frequencies. At OSE Optics, we measure MTF on all assembled systems 
using interferometric testing.

	� �Distortion. Off-axis aberrations from element positioning variations introduce 
geometric distortion. High-stakes applications like aerial surveillance typically 
demand distortion below 0.5%.

	� �Resolution. Systems can lose resolution with individual tolerances that appear 
acceptable. Pre-assembly tolerance analysis prevents these surprises. 

At OSE Optics, we perform stack-up analysis to ensure that the final assembly meets your mission-
critical goals. By connecting mechanical tolerances to visual metrics, we help our clients understand 
exactly what they are receiving in terms of end performance.
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The Role of Precision Optical Coatings

Along with image quality metrics, maintaining precise thickness and uniformity control for optical 
coatings can affect the reliability of optical assemblies:

	� �Thickness tolerance. Often specified as a percentage of the nominal layer 
thickness.

	� �Uniformity. Thickness variation across the clear aperture must fall within the 
specified range.

	� �Spectral performance. Reflectance or transmittance values are set at specified 
wavelengths with allowable deviation ranges. 

At OSE Optics, we factor coating requirements to achieve the thickness tolerances, thickness 
variation, and reliable spectral performance.
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BALANCING PERFORMANCE WITH MANUFACTURABILITY
Achieving specified optical assembly tolerances while maintaining production efficiency requires a 
systematic approach.

Assembly Challenges & Requirements

At OSE Optics, we have experience addressing the varying challenges that can be seen with optical 
assembly. This includes using active alignment (aligning while powered) and detailed error-budgeting 
to mitigate tolerances and maximize performance potential:

	� �Tolerance stack-up management. We use precision spacers and adjustable 
mounting to compensate for component variations.

	� �Active vs. passive alignment. Passive alignment relies on tight mechanical 
tolerances. Adjusting components while monitoring performance achieves 
tighter results with mechanical requirements.

	� �Environmental stability. We employ athermalization techniques to ensure 
systems maintain tolerances across temperature shifts and vibration.
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Strategies for Maintaining Tolerance During Assembly

Our assembly process also incorporates multiple verification stages. These can include the following:

	� �Incoming inspection. Interferometry and spectrophotometry verify 
components meet specifications before assembly begins.

	� �In-process measurement. We measure critical dimensions and optical 
performance at intermediate assembly steps, catching errors before final 
integration.

	� �Active alignment stations. For tight-tolerance assemblies, we use laser 
alignment and interferometric feedback to position components within arc-
seconds.

	� �Environmental testing. Thermal cycling and vibration testing validate that the 
assembly maintains tolerances under operational conditions.

Other Quality Control Measures

At OSE Optics, we are able to maintain ISO 9001:2015, ISO 13485:2016, and ITAR compliance through 
rigorous quality systems:

	� �Statistical Process Control (SPC). Tracking trends to identify process drift.

	� �First article inspection. Complete dimensional and optical characterization 
verifies process capability before production runs.

	� �Interferometric testing. Validating assembled system performance against 
original design specifications.

The goal of our manufacturability strategy is consistency. We don’t just aim to provide the first unit in 
line with specifications; we make sure that the last unit will meet them, as well.
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INDUSTRY STANDARDS AND SPECIFICATIONS
Adherence to global standards ensures that your project is compatible with broader supply chains 
and meets the rigorous safety and quality requirements of highly regulated industries.

ISO 10110 is the international standard for optical drawing notation. We interpret ISO 10110  
notation to ensure manufacturability before committing to production. We also refer to military 
specifications that define scratch-dig quality. However, many applications demand specifications 
beyond standard references. 

OSE Optics works with customers to develop custom tolerance callouts addressing unique 
performance requirements, maintaining documentation and traceability throughout production. 
By speaking the language of these standards, OSE Optics acts as a seamless extension of your 
engineering team, ensuring every drawing is translated into a high-performance reality.
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OSE OPTICS: ACHIEVING TOLERANCES IN OPTICAL ASSEMBLY 
TO MEET MISSION-CRITICAL REQUIREMENTS
Optical assembly tolerances are where manufacturing feasibility and economic reality intersect. 
Loose tolerances risk performance failures or lack of reliability in the assemblies, while overly tight 
tolerances can add to costs without proportional benefits. At OSE Optics, we have built our optical 
assembly capabilities around meticulous tolerance management, from interferometric metrology 
to active alignment stations, to achieve consistent accuracy in line with specifications. Our ISO 
certifications and ITAR compliance demonstrate a systematic approach to quality that supports the 
world’s most demanding industries and applications.

Whether you are developing night vision assemblies demanding MIL-SPEC compliance or medical 
imaging systems requiring FDA-quality standards, OSE Optics provides the context to guide important 
decisions. Contact our engineering team to discuss your assembly requirements or submit an RFQ 
for a detailed manufacturability assessment.
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OSE OPTICS – PRECISION CRAFTED, 
FUTURE-FOCUSED
At OSE Optics, we redefine the boundaries of optical engineering, standing as an industry 
leader in the creation of custom optical solutions. With unparalleled expertise spanning 
decades, our team excels in the nuanced fields of UV, VIS, NIR, SWIR, MWIR and LWIR 
imaging systems, alongside precision window assembly. Our dedication to excellence 
is rooted in a deep understanding of optical assembly, enabling us to produce high-
performing systems that precisely align with the demanding requirements of our clients.

Our expertise extends to Design for Manufacturability (DFM), ensuring that every 
optical system we craft is not only optimized for performance but also for efficient and 
sustainable production. This approach minimizes costs, enhances product quality, and 
ensures a faster time-to-market, providing our clients with a significant competitive 
advantage.

At OSE Optics, we’re not just manufacturing optical systems; we’re engineering the future. 
We stand behind every lens component and assembly that leaves our facility. Our expertise 
in UV, VIS, SWIR, LWIR imaging systems, and precision window assembly sets us apart, 
ensuring that we meet the complex needs of our clients with precision and reliability. 
Ready to partner with a leader in optical engineering? Contact OSE Optics today. Let’s 
embark on a journey of innovation and excellence together.
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