Analysis of "Controlled Materials" in the
Semiconductor Industry

Introduction

In the precise world of semiconductor manufacturing, strict control of materials is the
cornerstone for ensuring product quality, process safety, and national strategic security.
The term "Controlled" materials mentioned in the video not only refers to the extremely
high requirements for purity, storage, and handling during production, but also more
deeply encompasses export controls in the context of international trade and national
security. This report will examine in depth the importance of "Controlled" materials in the
semiconductor industry, the reasons behind such control, and the relevant international
and domestic regulations.

Importance of Controlled Materials in Semiconductors

Semiconductor fabrication is an extremely complex process with exacting purity
requirements. Even trace impurities can cause wafer defects that affect performance and
reliability. Therefore, the chemicals and materials used in chip manufacturing must meet
ultra-high purity (Ultra-High Purity, UHP) grades. The "electronic grade hydrogen peroxide
(Electronic Grade Hydrogen Peroxide)" and "photoresist" mentioned in the video are
typical examples 7 7.

1. Process Criticality
* Electronic Grade Hydrogen Peroxide (H,0,) 7 :

* Wafer cleaning: In multiple process steps, H,0; is a key component for removing
organic contaminants, metal impurities, and particles. For example, in the RCA
cleaning method (SC-1 and SC-2), the oxidative action of H,0, effectively breaks
down contaminants and helps remove metalions 7.

* Etching and planarization: H,0; is also used in certain etching processes and in
chemical mechanical planarization (CMP) to achieve precise surface treatment 7 .

* Ultra-high purity requirements: Semiconductor-grade H,0, must have metal
impurity concentrations at parts-per-billion (ppb) or even parts-per-trillion (ppt)
levels, and particle counts must be strictly controlled to avoid critical wafer defects

).

* Photoresist (Photoresist) 7 :



* Core of lithography: Photoresist is indispensable in the lithography process, used
to form fine circuit patterns on the wafer surface. Its quality directly determines the
accuracy of chip linewidths 7.

* Complex chemical composition: Photoresists typically consist of polymers,
photoactive compounds, and solvents; their chemical properties impose special
requirements on process environments and operational safety 7.

2. Safety and Environmental Considerations

Many chemicals used in semiconductor processes are corrosive, toxic, or flammable—for
example, hydrofluoric acid, sulfuric acid, and arsine 7 . The storage, transport, use, and
disposal of these materials must follow strict safety regulations to protect personnel and
the environment. Marking materials as "Controlled" in ERP systems helps alert operators to
their special handling requirements.

Dual Meanings of "Controlled Materials" and Relevant
Regulations

The word "controlled" in "Controlled Materials" within the semiconductor industry has a
dual meaning: one based on the properties of the materials themselves (purity, hazard),
and the other based on national strategic and security considerations (export control).

1. Industry Internal and Safety Regulations

* Stringent purity standards: The semiconductor industry has established strict material
standards, such as the SEMI international standards, which specify purity grades,
impurity levels, and particle counts for various process chemicals 7 . These standards
ensure the suitability of materials for manufacturing processes.

* Occupational safety and environmental protection: Governments regulate the
production, storage, transport, and use of hazardous chemicals. For example, the
United States' Toxic Substances Control Act (TSCA) and the European Union's REACH
regulation impose requirements relevant to chemicals used in the semiconductor
industry 7 . These laws require companies to conduct detailed risk assessments,
labeling, and management of hazardous materials.

2. National Strategy and Export Control Regulations

In recent years, as semiconductor technology has become central to national
competitiveness, many critical materials and equipment have been subject to export
controls to prevent their use for military purposes or their acquisition by potential



adversaries. Such controls frequently target so-called "dual-use goods and technologies" 7

* Wassenaar Arrangement 7 :

* Thisis a multilateral export control regime aimed at promoting transparency and
responsibility in the transfer of conventional arms and dual-use goods and
technologies.

* |ts control lists comprise two main parts: the "List of Dual-Use Goods and
Technologies" and the "Munitions List." Many high-tech materials and equipment
used in semiconductor manufacturing may be included under the "electronics" or
"materials processing" categories of the dual-use list 7 .

* Although the Wassenaar Arrangement itself is not legally binding, its member states
incorporate its principles into national law.

* U.S. Export Controls (U.S. Export Controls) 7:

* The United States is among the most proactive countries in implementing
semiconductor export controls; its regulatory framework is complex and far-
reaching.

* Commerce Control List (CCL): Many advanced semiconductor materials,
equipment, and technologies are listed on the CCL and require export licenses 7 .

* End-User and End-Use Controls: Even items not explicitly listed on the CCL may be
subject to controls if the end user or end use poses national security risks (for
example, use in military applications or development of weapons of mass
destruction) 7.

* Entity List: The U.S. Department of Commerce maintains an Entity List of parties
deemed to threaten U.S. national security or foreign policy interests, restricting
their access to U.S. technology and products 7 .

* Controls targeting advanced-node technologies: The U.S. has placed particular
emphasis on restricting production equipment and technologies for advanced-node
semiconductors—such as logic chips at 16 nm and below, DRAM at 18 nm and
below, and NAND flash with 128 layers or more 7 .

3. Role of ERP Systems in Controls

The resic Al ERP system shown in the video, through its "Controlled" label and Al query
features, is designed to help semiconductor companies effectively manage these complex
control requirements. It can ensure:

* Procurement compliance: Identify controlled materials at the procurement stage and
trigger corresponding approval workflows.



* Inventory tracking: Precisely track inventories and the flow of controlled materials.

* Export review: Provide data support for export operations to assist in determining
whether export licenses are required.

* Audit traceability: Provide complete audit logs to satisfy regulatory traceability
requirements.

Conclusion

"Controlled materials" in the semiconductor industry is a multifaceted concept. It concerns
not only the extreme purity and operational safety of materials, but also global geopolitics,
national security, and technological competition. From the exacting quality requirements
of electronic-grade chemicals to international export control regimes and national legal
restrictions, semiconductor firms must establish comprehensive and precise management
systems. The ERP system demonstrated in the video exemplifies how such management
needs are translated into digital tools: leveraging Al to help companies remain compliant
within a complex regulatory environment while maintaining efficient operations.
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