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Abstract

The present work explores how PIC imaging data could be extended beyond defect detection to predict possible chip
malfunctioning. Establishing a correlation between visual features observed in the inspection images and measured performance
degradations would enable assessment of chip quality based solely on imaging, without the need for functional testing. This
ongoing research aims to enhance the predictive power of the inspection tool and broaden its applicability in PIC manufacturing.

1. Introduction

The rapid growth of applications for Photonic Integrated Circuits (PICs), ranging from telecommunications [1] to (bio)sensing [2],
has created an increasing need for testing and characterization methods that are not only reliable but also scalable and time-efficient
across all stages of production [3]. Ensuring high manufacturing yield and accurate identification of known-good dies requires large,
statistically relevant datasets. However, the complexity and duration of current electro-photonic test procedures make them a major
contributor to overall fabrication costs in integrated photonics [4]. This work investigates whether imaging data can be used to
predict potential malfunctions in PIC components. By analysing optical inspection images, we aim to develop fast, non-invasive
methods to pre-diagnose malfunctioning devices before electrical or optical testing. Such an approach would prevent unnecessary
testing of defective dies and, conversely, help identify cases where test errors arise from misalignments or other measurement
artifacts rather than true device failure [5]. In particular this project originated from a collaboration between PITC and Nobleo.

e PITC provides automated testing capabilities for electrical and optical characterization of PICs, including transmission
measurements over multiple wavelengths.

e Nobleo develops a camera-based wafer inspection tool, capable of full-surface imaging to detect surface defects and
assess manufacturing quality.

The idea was to combine these two platforms, using Nobleo’s imaging data and PITC’s electrical/optical test data, to identify which
visual defects correlate with functional degradation. Machine learning would then be trained to recognize which types of defects
are likely to cause device malfunction.

2. Automated Test and Measurement Setup

The automated test setup is built on a modular software framework that uses open standards and file formats for defining chips,
equipment, and measurement procedures. This enables fully automated execution of both passive and active optical measurements
using a wide range of instruments. The system aligns two polarization-maintaining lensed fibers through a combination of
mechanical and piezo stages, achieving better than 10 nm alignment precision and 0.012 dB power repeatability [3], allowing more
than 300 optical measurements per day. Each measurement, or observation, includes coarse alignment based on predefined geometry
files, followed by fine alignment using a 2D scanning (“snake pattern’) and 3D hill-climbing algorithm to optimize optical coupling.
After alignment, the measurement is executed and all data are logged (Fig 1).
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Fig 1. Flow diagram of the automated measurement setup.The process includes coarse alignment, 2D scanning for first-light
detection, fine 3D alignment via hill-climbing optimization, and automated measurement acquisition with data logging.
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3. Experimental Roadmap

3.1. First Experiments and Findings

Five PICs were tested and imaged. During inspection, several facets appeared contaminated or dirty (Fig 2a). We hypothesized that
facet contamination might influence optical coupling and therefore test performance.

Nobleo based on clean examples trained an anomaly detection network which is suppose to trigger on particles/debris.

This was applied to the captured images acquired using a Keysight imaging setup (Fig 2b), and the results were compared with
optical transmission data from the PITC test system.

Fig. 2 a) Bright-field image detail of the facets of one of the selected PICs, acquired using a Keyence microscope.
b) Corresponding heat map of the same PIC, showing the analysis of facet surface contamination.

However, no clear correlation was observed between facet contamination and device malfunction. In several cases, waveguides with
visibly contaminated facets remained fully functional, whereas some malfunctioning channels showed no apparent surface
contamination. For instance, in the case of the PIC labeled OS8 (see Fig. 3), the results from the Nobleo software analysis revealed
several defects on the facets. When tested using the automated setup, the waveguides defined by the I/O pairs ioW129-i0E129,
ioW135-i0E135, and ioW147-i0E147 exhibited more challenging alignment behavior, while ioW145—i0E145 was identified as
malfunctioning. Comparing the two results no consistent correspondence between the observed facet contamination and the
measured device performance was found. This suggests that facet cleanliness alone is not a reliable indicator of photonic component
functionality.
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Fig. 3 Example of results obtained for Die O8 from the software analysis performed by Nobleo.

3.2. Depth Discrimination and Defect Relevance

The main limitation identified in this first experiment was that a large portion of dust particles and superficial contamination were
misclassified as “defects” by the Nobleo software, even though they did not affect device functionality. To distinguish true structural
defects from surface artifacts, the suspicious regions were re-imaged using a Keyence microscope and analyzed in depth.

As shown in Fig. 4a, one apparent “defect” detected on a functioning waveguide was found to protrude approximately 3.75 pm
above the chip surface, indicating that it was likely debris rather than a structural anomaly. In contrast, Fig. 4b shows a genuine
defect located on a malfunctioning waveguide, exhibiting a depth of about 1 um below the surface. These observations suggest that
incorporating depth information provides an effective means of distinguishing between relevant and irrelevant defects.



Fig 4 a) Defect identified in the waveguide delimited by I/Os ioW145—ioE145, corresponding to the malfunctioning device. The
depth profile shown in the lower graph indicates a defect depth of approximately 1 um.
b) Defect observed in a functional waveguide. The depth profile reveals that the defect lies on top of the waveguide surface, with
an estimated height of nearly 4 um.

To obtain fast, quantitative depth information, a Precitec CHRocodile CLS2 line sensor [6] was used.
This chromatic confocal sensor provides high-resolution, non-contact 3D surface data. Data were analyzed using MountainsMap
software. The resulting 3D maps achieved an axial resolution of 0.025 pm and a linearity of 0.25 pm within a few minutes,

allowing fast visualization of surface topography across the wafer (Fig. 5a-b).
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Fig 5 a) 3D image of the PIC O8.
b) Precitec CHRocodile CLS? line sensor.

3.3. Outlook and Future Work

At present, defect relevance is assessed manually by visually inspecting the depth profiles and identifying deep or structurally
significant anomalies (Fig. 6a-b-c). However, as the dataset expands, the next step will focus on automating this classification
process. This can be achieved by integrating Nobleo’s machine learning—based inspection software, enabling automatic detection
and labelling of chips that exhibit features indicative of internal defects.

Ultimately, the goal is to develop a predictive inspection framework capable of evaluating chip quality directly from optical imaging
data, thereby significantly reducing the need for time-consuming functional testing. Future work will involve enlarging the dataset
with additional PIC samples, systematically labelling confirmed malfunctioning components, and training predictive models that
correlate imaging features with measured device performance.
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Fig. 6 a) Heat map of the surface of chip O8.
b) Depth profile of the defect located on the malfunctioning waveguide, showing a depth of approximately 1 um.
¢) Depth profile of the “defect” observed on a functional waveguide, indicating that it lies on top of the chip surface with a height
of about 3 um.

4. Conclusion

This work presents an early-stage study toward predictive inspection of photonic integrated circuits.

By correlating imaging data with functional test results, the project seeks to identify visual and structural signatures of
malfunctioning components. Initial results demonstrate that superficial surface contamination does not significantly affect
performance, while depth-resolved imaging can identify more relevant structural defects.

The integration of machine learning and 3D confocal imaging holds promise for a future automated, data-driven diagnostic
platform that enhances PIC manufacturing yield and reliability.
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