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The Goal " TR N

Detecting Dislocations
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Main Goal: L TR
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Given X-Ray Topographs (XRT) of AIN wafers, detect and T e i)
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label (dislocation) defects using a computer vision model
and analyze their density etc.
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Our attempt of generating synthetic data
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Dataset Creation
Generating a ,,Ground-Truth”

* Model cannot process entire XRT measurement, which can be thousands
of pixels wide.
- We use 256 X 256 pixel (overlapping) patches as inputs.

Manually annotated data

* First attempt: Generate synthetic dataset by artificially placing
dislocations on a ,wafer background®.
- Issues with the model‘s generalization to actual wafer measurements.

- “Out-of-distribution testing”.

* Decided to manually annotate (by drawing bounding boxes around) all
the dislocation defects found in XRT measurements of 5 wafers and use
these as the training data.
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Pre-Processing
Finding Wafer, Removing Stitching Lines and Adjusting Contrast
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Original Image

 Find wafer by adaptive thresholding in histogram of intensities of original
wafer image; represented by binary mask in sample. | s s s s
* Elliminate horizontal stitching lines via median filter NEE sample
of height 1 and large width. 5%:: \\
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Object Detection Model
Model Architecture

Objection detection model is natural fit for identifying bounding boxes.

*  We use Faster R-CNN model with ResNet-50 backbone and
50 convolutional layers.

* Generates proposals (bounding boxes with confidence scores) and final
dislocation predictions in a single pass.

* Model has = 42M parameters.
— Use pre-trained model and finetune with limited labeled dataset.
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Object Detection Model
Metrics to Evaluate the Model

* To determine whether a defect has been correctly predicted,
use Intersection over Union (loU) with threshold 0.5.

* Evaluate model‘s performance using two common metrics:

Precision (“positive predictive values”).
Recall (“sensitivity”).

* Also analyzed further metric common in object detection, e.g.,
,average precision (AP)“
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Area of Overlap

iTols=
Area of Union
Precisi True Pos.
recision = )
True Pos. + False Pos.
True Pos.
Recall =

True Pos. + False Neg.’
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Object Detection Model
Training and Performance

Model Performance
Typical training dynamics: 085
*  Some noisiness due to small batch size. 0.4 ‘—‘W

* Recall increases during training. 052 Vaan NP>
N N\ /\\‘
0wd

* Precision increases initially and then decreases.

0.80

MAP

0.78

» Training takes = 30 min or = 2 h on a large or medium GPU,

respectively. Precision

—8— Recall

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Finetuning Epoch

» Choosing final model is a trade-off between under detection
and over detection.
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Object Detection Model
Exemplary model predictions

Ground Truth = Ground Truth Prediction

Prediction

O False Positive

O False Negative(?)
() Double Detections o

In general:
* Good performance.

* How to deal with
double detections?
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Post-Processing
Double Detection

Output Predictions

Mitigate double detection issue via common
approach — Non-Maximum Suppression (NMS):

» If two bounding boxes overlap by more than a
predefined threshold, remove the bounding
box with the lowest confidence.
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Post-Processing
Other Defects

* A wafer may also have other defects, e.g., clusters, stacking faults, or scratches.
- Sometimes (partially) identified as dislocations.
- Typically a lot larger than dislocations.

» Treating larger defects:

1. Use object detection model to predict dislocations incl. bounding boxes.

2. Use thresholding method to detect larger defects (scratches, clusters, ...).

3. Remove dislocation predictions that overlap with larger defects.

* Similar procedure for edges of wafer.
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Overall Workflow

3) Detection model
processes individual
patches
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4) Combine detections to
fully annotated Wafer

1) Wafer image 2) Preprocess Wafer and
split into patches

5) Use thresholding

ol Pl resliis o &l algorithm to identify larger

wafer defects
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Web-App

Model is accessible via a user-friendly web application, hosted by Fraunhofer 1ISB.

» Upload XRT measurement.

» Quickly retrieve the detected dislocations (as .csv file) and a density map of the dislocations on the wafer.

~ 2 WaferDetection x 4+
« O @ [a] https://ai-4-simulation.iisb.fraunhofer.de/waferdetection/detection
_—
? WaferDetection v Home  Detection
Z |
Wafer defect detection
Upload a TIFF wafer image. The backend runs the object detection model and returns a preview image (detections.png).
Drag & drop a TIFF here
or click to browse
—_—
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Calculations

Contact

Slide 12 March 4th 2026 © Fraunhofer IISB - Dr. Christopher Straub Public

- (] x
@ vy @ 7= @ -~ o
LoG ouT
Imprint DSGVO Contact
=

~ Fraunhofer

lISB


https://ai-4-simulation.iisb.fraunhofer.de/waferdetection/

Conclusions

* Fully automated and easy-to-use workflow to detect wafer defects.

* Fast prediction of wafer defects.

» Feel free to reach out if you are interested in the tool!

» Possible to adapt to other settings, e.g., different wafer types/materials.
- Benefit from our data and experience for AIN wafers.
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Contact 3

Ll Fraunhofer-Institut fir Integrierte
S— = mmm Systeme und Bauelemente-

v technologie IISB

S
Dr. Christopher Straub .
Senior Scientist :_:“
Group Al-augmented Simulation 1
Department Modeling and Artificial Intelligence x

Tel. +49 9131 761-401 EEE EN ‘
christopher.straub@iisb.fraunhofer.de
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