
Boulder Optical Design

Broadband optical monitor system for thin film deposition

Introduction- Better and considerably less expensive than anything else out there. We provide 
software and also full support for development of hardware. Here is an example of an end-of-layer 
spectrum and the match to the theoretical design. (Theory and experiment are difficult to distinguish.)

Features-

• Works with full automation
• Works with planetary or high speed single-rotation, or other. Actual parts can be monitored, or 

witness parts that follow the same trajectory as actual parts can be monitored.
• Many features for pausing the run if something goes wrong.
• Data logging to a text file, including target and spectral data at each layer endpoint.
• The software has many convenience features, that are great for a production environment.
• Reads design from most popular thin film design packages, directly into the run.
• The normal system covers about 230 nm to 1100 nm. Usually part of this range is used for a 

run.
• Includes a separate Python script utility for reviewing log file results, which can easily be 

modified to fit into your process management system.

Screenshot example
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Level of thickness control- For a good chamber with the optical monitor system in place, layer 
thickness errors are typically 0.5 nm or less, random normal absolute thickness errors.

How the system fits into your chambers

The light is usually brought in and out of the chamber via multi-mode fibers. There is an optical 
monitor witness part, usually 1" FS, sometimes 1.5". Below is a sketch.

The hardware outside the chamber consists of the 
spectrometer (not shown), 
electrical circuits, and wiring.

Typical hardware inside the 
chamber, shown from the 
back.

Optical mounts and 
collimators.

Shield hides optical mount in front, 
and also improves uniformity.

Everything must behind 
shutters, if present.

Not shown here: Fiber ports, and 
sometimes trigger sensors are in 
the chamber.

To spectrometer

Trigger circuit

Interface circuit

USB to computer

To chamber controller (e.g. 
outputs, relays, inputs)

To trigger sensor



Discussion

Broadband optical monitoring is great for handling a wide variety of designs, without significant design 
constraints.

The optical monitoring system was developed for fully automated IBS deposition, but we have also 
used the system in other types of chambers. Although we generally prefer to use transmission, we have 
also installed systems that monitor in reflection. 

For systems with automation, we generally set the system up so that the whole run is automated. The 
chamber controller provides a layer start signal, and the optical monitor software provides a layer-stop 
signal when the optimum spectrum is achieved for that layer. There are other signals in both directions 
for pausing a run when various conditions are met. Many parameters can be changed on the fly, or 
controlled on a per-layer basis.

The system was originally developed for use with planetary motion. The system can monitor on actual 
parts, or (more commonly) on witness parts that follow the same trajectory as actual parts. This largely 
eliminates problems with part-to-monitor factors that plague other common monitoring systems. As a 
part passes, it takes and averages multiple spectra. If the rotation is high speed, it averages for several 
turns. In this way the system takes full advantage of all time that the spectrum is available.

The system continuously monitors the development of the spectrum, calculates thickness, and assesses 
the health of the run.

Invitation for further discussion

We cannot fully describe the system in a short amount of space, and indeed each system tends to be at 
least somewhat unique. Suffice it to say that the system is amazing, and our expertise and support 
cannot be found elsewhere. We also fully respect your need for privacy, concerning your systems and 
processes. Please feel free to call and discuss the possibilities for your systems.

Alan Streater, Bouolder Optical Design, Inc.
AlanStreater@BoulderOpticalDesign.com
Phone 720-304-3831 (non-texting)
BoulderOpticalDesign.com


