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In the semiconductor industry, two main efforts aim to enhance high-speed, large-scale storage: miniaturization and 3D
structuring. Miniaturization, driven by extreme ultraviolet (EUV) lithography, requires thorough evaluation of EUV materials and
components. Measuring thin film thickness and analyzing 3D nanostructures are critical for precise pattern transfers. Meanwhile,
3D structuring through system-on-chip (SoC) packaging is gaining importance for high-speed data processing. Hybrid bonding
processes are widely used in SoCs like high-bandwidth memory (HBM) and processing-in-memory (PIM), requiring precise
structural measurements at bonding interfaces to detect defects like misalignment and voids.

At the Korea Research Institute of Standards and Science (KRISS), efforts are focused on establishing measurement standards for
semiconductor manufacturing. Researchers are developing EUV test platforms and electron-beam metrological systems to
evaluate lithography materials and analyze bonding defects such as misalignment and voids. Research collaborations with
overseas institutions are also underway to establish international measurement standards for advanced semiconductor devices.

• Establishing Measurement Standards for Advanced Semiconductor Devices

• Measurement Standards for Semiconductor Device, Materials, and Processes

• Development of Optical property Evaluation Systems for EUV Lithography Materials

• Measurement and Analysis Technology for Advanced Semiconductor Packaging

As a cutting-edge semiconductor industry grows, related technologies are being developed rapidly, but measurement standards for
semiconductor manufacturing are still inadequate. KRISS has an effort to establish standard test procedure and distribute certified
referenced materials for semiconductor devices. There is a focus on developing optical testing system and measurement standards
for EUV lithography materials. Non-destructive and precise analysis technologies for 3D structures of ultra-fine semiconductor
patterns are also being advanced, alongside measurement standards for 3D structures and defects at bonding interfaces in hybrid
bonding processes. The distribution of internationally traceable semiconductor measurement standards is expected to promote the
global expansion of domestic semiconductor material, component, and equipment companies.

A compact evaluation system based on a Z-pinch EUV light source is being developed for assessing EUV materials and optical
components. This includes an optical system and a test bed for EUV photoresist and pellicles, with evaluating PR sensitivity, pattern
transfer capability and pellicle transmittance. Collaborative research is also underway with international National Metrology
Institutes (NMIs) to establish international measurement standards for EUV materials and components.

- Development of high-precision Metrological SEM and X-ray imaging technologies for 3D structural analysis.
- Characterization of hybrid bonding interfaces, including bump measurements and defect detection (e.g., voids) in advanced 

packaging structures.

• Electron Beam & Optical System-based 3D Structure Measurement

- KRISS-NIST Collaboration: Development of 4D-STEM-in-SEM and DUV Ptychography. 
- KRISS-Purdue University Collaboration: Advancing Rigorous Coupled-Wave Analysis (RCWA) algorithms.
- KRISS-PSI-EPFL Collaboration: X-ray ptychography.

• Ongoing International Collaborative Research

- Development of a compact EUV materials and components evaluation system utilizing a Z-pinch EUV light source.
- Establishment of an optical testing system for evaluating EUV photoresist (PR) and pellicles.
- Evaluation of EUV PR sensitivity, pattern transfer verification, and transmittance of EUV pellicles and filters.
- Establishing standard test procedures and distributing high-level reference materials for semiconductor processes.

• Stand-alone EUV Light Source-based Materials and Optical Components Evaluation System

- Promotion of the establishment of international standards for EUV materials and components evaluation.
- Collaboration on the development of EUV diffraction analysis-based 3D structure measurement technology.
- Collaboration through on-demand development of EUV mirrors required for EUV optical measurement/testing system

• Collaborative Research with International NMIs and Research Institutions

- An EUV optical testing system is proposed to evaluate lithography materials such as photoresist, pellicles, and mirrors.
- An E-beam metrological system is being developed for 3D structural analysis at hybrid bonding interfaces to characterize defects.
- Ultraprecision EUV optics and their surface measurement system are being developed for the EUV optical testing system.

• Developing Measurement Systems for Advanced Semiconductor Devices

- Development of ultraprecision aspherical EUV mirrors for use in EUV mask inspection equipment and advancement of EUV 
mirrors surface measurement technologies to minimize measurement uncertainties

• Development of Ultraprecision EUV Optics

- International collaboration with overseas institutions is underway to develop an optical measurement system for 3D nanostructures 
using an advanced RCWA algorithm, as well as an E-beam-based metrological system for defect analysis at bonding interfaces.

- Establishing international measurement standards of advanced semiconductor devices with ultra-fine 3D structures.

• Establishing International Measurement Standards for the Semiconductor Industry

Electron beam and optical beam-based 3D structure measurement technologies are being developed for high-precision analysis
of advanced packaging processes. These include advanced SEM and X-ray imaging technologies for detecting defects, such as voids
and misalignment, in hybrid bonding interfaces. Ongoing international collaborative research involves projects with KRISS, NIST,
Purdue University, and EPFL to enhance measurement technologies for 3D structures of advanced semiconductor packaging.
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Figure 2. EUV optical testing system for lithography materials. Figure 3. Metrological-SEM

Figure1 . Measurement systems for miniaturization and 3D structuring of advanced semiconductor devices. (a) Circuit pattern shrinkage and 
heterogeneous integration for high-performance chips. (b) Extreme ultraviolet lithography. (c) 3D structure analysis for hybrid bonding processes.
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Figure 4. Test procedure
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