DefectGPT: Towards Multi-Class Defect
Detection with Limited Electrical Samples
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Motivation

Summary

We propose a novel Multimodal Large Language Model (MLLM)-
based solution for multi-class electrical defect detection with
limited electrical image samples.
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Few-shot Learning:  Fpg(q) = Attn(V,K,q) ~ WyX'(WgX') q Fig. 1: Different paradigms for anomaly detection.

Few-shot kernel

Semiconductor industry is a vital global sector
and had $500B+ revenue in 2024.
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7 » Challenges in Electrical Defect Detection
* Limited Samples

* Non-visual defects

* Requires non-destructive methods

Hypothesis-First Learning (HFL):

Fyru(q) = ( Wrs, + Z(WVdi) ® (Wgd;) +

Few-shot kernel

Descriptions (where d; is a token)  Self-reflections (where r; is a token)

Update Matrix AWgpr,

HFL performs an implicit, on-the-fly parameter adaptation.

How can MLLMs learn effective defect patterns in a few-shot manner?

By using Defect Description Generation and Hypothesis-First Learning (HFL)!

(a) Defect Description Generation
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! Description Description A magnetic field image of an IC chip with a signal short defect typically shows a concentrated area of intense red and blue lines, ]
: Generation Prompt Generate indicating a sigr}if_icam f:listurbance in the magnetic field. Tl'ge lines may converge or voverlap'in an abn})rmal manner, Freating a hotspot I
\ of magnetic activity. This concentrated pattern contrasts with the more evenly distributed field lines in the surrounding areas. :
1

i What does an !
i MFI with a signal A magnetic field image of an IC chip with a power short defect typically shows a broad, intense area of overlapping red and blue i
1 short look like? lines, indicating a significant disruption in the magnetic field. The magnetic field lines may appear densely packed and chaotic around :
: the defect area, creating a pronounced hotspot that stands out against the more uniform field patterns of the rest of the chip. ;
/ ’

Task

Task Prompt

The defect type appears to be a power

! Self-Reflection
short. The reasoning is as follows:

Thank you for the confirmation. Here’s

What is
type of this image?

Query Image The defect type appears to be a signal Thank you for the feedback. Here’s
short defect. The reasoning is as what I've learned: the magnetic
follows: the image reveals localized field characteristics of a power short in
disturbances and abrupt flux transitions this image align with expected patterns Prediction: Power Short (i
litareas — broader and more intense magnetic W)
LI N field distribution.. Confidence Score: 0.73 =

defect
This image displays intense, irregular

Prompt

what I've reinforced from this
Power shorts tend to

magnetic flux concentrated around
areas where current normally converges
or flows through narrow paths..

(b) Hypothesis-First Learning (HFL)

Yes, it's a power
short defect.

exhibit sharp and localized field
distortions that are brighter and more
intense than those of signal shorts...

Defect Analysis:
The bright, concentrated region with
sharp gradients suggests high current

\ flow, characteristic of a power short... ’

(c) Inference

Fig. 2: An overview of DefectGPT.

Key Takeaway

_— ‘ MFI ‘ WaferMap # DefectGPT performs multi-class defect detection with
iethods . . . . . . .
Top-1 Acc.  AUPR  Macro-F1 ~ Micro-F1 | Top-1 Acc. AUPR Macro-F1 ~ Micro-F1 limited amounts of data (|.e., 1-3 samples), |nclud|ng non-
CLIP 50.00 54.43 3333 50.00 3033 73.05 19.19 3033 .
CuPL 60.00 60.93 52.38 60.00 3022 7135 18.75 3022 visual defects.
LLaVA 5250 53.37 42.03 52.50 12.90 5025 8.16 12.90
Phi-3.5 (ZSL) 45.00 48.50 37.32 45.00 1111 51.86 222 1111 HFL iteratively refines descriptions into precise,
Phi-3.5 (FSL) 60.00 52.19 5238 60.00 11.11 50.00 222 11.11 A X
discriminative forms, which can be used to enhance the
GPT-4o (ZSL) 61.67 52.00 61.67 59.11 20.70 50.84 12.14 20.70 biliti £ existing MLLM
GPT-4o (FSL) 82.50 88.87 8221 82.50 48.78 66.75 4833 4878 capabilities ot existing S.
DefectGPT 97.50 95.67 97.49 97.50 67.11 92.16 62.52 67.11 g ) . ) )
Improvement 18.18%  7.65%  18.59% 18.18% 37.58% 38.07%  29.36% 37.58% W Theoretical analysis of HFL and ablation studies of defect

Table1: Performance comparison on two electrical datasets.

description are provided, showing the effectiveness of
combining both modules.



