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Cross-Modal Semantic
Association-Based Semiconductor

Precision Inspection and Analysis
Technology

BX{h#Z%8 | 12 OptiCore SemiScan Lab
| Ae¥sk | ERAKBEMIIEAREFR
| BER | ERASEMIEHAREFR
| b=BE/ERAREEER TIZHEFR
| SE#E | ERASENIREZA

F S

A0 0 O

(FaniEE

BEEFERREFENE REREEERE LmEEA
BRIZRIBEEL o G A TRRMRIRN S EMERES KR
BIRE) - MERAMAMBEHELU - BBEAIGRHHRER
ARPEAIE - AVEERBRERRE  TRZEESERNE
B - BARKEERARBILING - TRAEEERER
RIATHHIRE - RIEZCIBEERRE

BIERIL 0 AMERRYE SemiScan———E4E A BRSNS
HBZImAIMENTEREMERBIARL > A=K
BIFTHERK - B— > IEBARNEBENFEMBUEEEAE - UL
3DFEN R ZEAE i BIiEE ERIRE FENEEMBME A 1
FERRESR o FAEC B BN IEHIEE - FEAKIREE B RIEN
AR FHARA X B ERREE  KIgR(EZEARA °

B ZRBRAIZGRAEREINRE - RGEEZ
BRAENHREETERRFHE  UHEIELHEESR
RAMEE  ZREEES R AENRNER - (RE
AERB—FHERBBNKBOAE - GREEREZ - ARED
FEAGRED MBERSEFRRERR  BEBRRIEE
ARSI EGFEREREFEREFEKS AtERRE - B
BELTIRRE - ZEPHEIGNAMIERFRBNT
FBABERZZE -

B= - ZEERAGHIEEREZ DR - RRLUERE
PRARFEM 7R 2 B A BERE - RIRAEIRBIPAISRIER PSR
& - IR E MR (AC)ERRRS R (AD]) B RIZEREAYE
FEREA - WwET-HRATREmEXREMERS  BR
EuhEEEH o TIRATFEB B AR SN HENK EHERME
B2 - RN EHREBBERETERSE  EILFEM
MRRIHEE -

SemiScan UEPIBERIIERE PR S RE A L IEAEAIHE IR
B A2 EIRE - ARt R RENA TR - RAR
LRREEHER - WARNIEE R TRMAIB ISR -
FH RSN ERRETERNEEFNEEEE 2
FhRUJNEY B i ER A 98 BE L3R T SR O R B L FHARBRTE

Bl— R&nizE -

}5E 2% ADVISOR

MIZIE | ERASENTIERR

EHERARENIENL  RARTASENTRERANE - EE
PABHHHBREMANSRHELE  EPAPRBENRAFHRE S
DFRFEEIR /FRBBRE - AEETRAARIBTEN - I3 AR
F5FH LA IE TA2ER -

FFE A

LEVHE - AIEZ RRRE - RERE -

RHEE | ERAREEEFTIIESA
LERFRFASFRESREBTRIEL  RARTABENBHSR
REEABHEHNTRSRNE - HAR-EELBATETHISE - 1wy
HIEETHE SIS  BRARERNBERABSEREAESHE -
R

BEEWIR  KBHEG  ENEN - ATEE SEBRUSE  HL%
gE& VR/AR/MR £l EE o

Abstract

As semiconductor fabrication advances toward smaller process nodes, wafer

ol ; INSPECTION MICROSCOPE
fabs face precision inspection demands that current workflows cannot meet. b
Manual microscope inspection depends on operator skill and endurance, [ 4K Digital 1 '
yielding limited throughput and fatigue-induced variability across shifts. (ieestes Camern ) +
Existing software-only Al solutions can locate defects but cannot explain / ]
their physical mechanisms or interface with process equipment to trigger ' ~ ol '
corrective action. Worse, process data remains siloed in incompatible 1 ]
formats, forcing engineers to manually correlate logs before hypothesizing v
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a root cause—so feedback arrives too late to prevent yield loss within the
same batch, reducing quality control to a reactive discipline. @ |
|
This work presents SemiScan, an intelligent closed-loop wafer inspection 1
system that unifies hardware retrofitting with edge-deployed multimodal

Al, organized around three core innovations. |

Algorithm

At the hardware layer, a non-invasive microscope retrofit module uses

custom 3D-printed brackets to mount stepper motors onto a conventional i;’ g ]
microscope's stage and focus knobs, paired with image-contrast |
auto-focus. This converts legacy equipment into a semi-autonomous | E Recard Info | = - [

inspection node without permanent modification, targeting university
labs, small-to-mid-sized fabs, and IC testing facilities that cannot justify @ ) @ PreeterasaL
purpose-built metrology systems.

Forinspection and diagnosis, a multi-stage Al pipeline performs after-etch
inspection (AEl): an object detection model identifies transistor structures
while a vision-language model reads die identifiers and coordinates. Each v i

transistor is evaluated against geometric criteria, and aggregated results ( T QFIask
are classified into standard defect patterns. A retrieval-augmented genera- \ ]
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tion engine then cross-references SOPs and equipment logs to infer the
responsible upstream step, producing a structured report with prioritized
recommendations. All inference runs on a local edge server, ensuring fab
data-security and air-gap compliance.

Closing the loop, a multi-agent reasoning architecture built on a graph-based
finite state machine orchestrates agents that trace anomalies back to
after-coat (ACl) and after-develop (ADI) inspection, issuing feed-forward §
compensation before the next lot enters production. Engineers query @ A it
defect histories in natural language, and each cycle compiles a batch report,

building a traceable institutional knowledge base. Fig. 2 System structure.
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