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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through 
ISO technical committees. Each member body interested in a subject for which a technical committee 
has been established has the right to be represented on that committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely 
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described 
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types 
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the 
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent 
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that 
this may not represent the latest information, which may be obtained from the patent database available at 
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 184, Automation systems and integration, 
Subcommittee SC 4, Industrial data.

A list of all parts in the ISO 23247 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The semiconductor ingot growing process is an important step in the production of semiconductor wafers, 
which are used to manufacture electronic components such as integrated circuits and solar cells.

Despite advancements in automated ingot growth equipment, the conventional ingot growth process 
continues to face challenges due to the degree of human intervention required, it often relies on operators' 
experience and know-how. This dependence can lead to issues such as inaccurate quality, inconsistent 
machine setup, unstable temperature maintenance, and inconsistent melting.

A digital twin for the ingot growth process can effectively address these issues by simulating and optimizing 
the entire process in a virtual environment and reducing reliance on manual intervention.

Using a digital twin for monitoring and controlling the ingot growth process offers several advantages as 
follows:

—	 Real-time monitoring: a digital twin allows continuous and real-time monitoring of the ingot growth 
process. It provides detailed insights into key parameters such as temperature, growth rate, crystal 
quality, and dopant concentration. This enables operators to detect deviations or anomalies early on and 
take necessary corrective actions promptly.

—	 Process optimization: by analysing the data collected for the digital twin, it becomes possible to optimize the 
ingot growth process. Patterns and trends can be identified, allowing for adjustments in various parameters 
to improve yield, reduce defects and enhance the overall quality of the ingots and resulting wafers.

—	 Predictive maintenance: a digital twin can help predict maintenance requirements for the equipment 
used in the ingot growth process. By monitoring equipment performance and analysing historical 
data, the digital twin can help identify potential issues or deterioration in advance, enabling proactive 
maintenance and minimizing unplanned downtime.

—	 Training and simulation: a digital twin can be used for training operators and engineers. It provides a 
virtual environment where individuals can practice and simulate different scenarios without the need 
for actual physical equipment. This helps in enhancing operational skills, testing new strategies, and 
improving decision-making capabilities.

By leveraging the advantages of a digital twin, semiconductor manufacturers can gain deeper insights into 
the ingot growth process, optimize production parameters, enhance quality control, and improve overall 
productivity and efficiency.

v

﻿
© ISO 2025 – All rights reserved

PD ISO/TR 23247‑100:2025

This is a preview of PD ISO/TR 23247-100:2025. Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/BSI/PDISOTR232471002025?source=preview


PD ISO/TR 23247‑100:2025

This is a preview of PD ISO/TR 23247-100:2025. Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/BSI/PDISOTR232471002025?source=preview


Technical Report ISO/TR 23247-100:2025(en)

Automation systems and integration — Digital twin 
framework for manufacturing —

Part 100: 
Use case on management of semiconductor ingot growth process

1	 Scope

This document describes a digital twin for monitoring and controlling the semiconductor ingot growth 
process. The use case is analysed and designed using the ISO 23247 series. The result is a systematic view of 
the use case implementation and a high-level design of the digital twins, which can be directly implemented 
using the readily available tools and languages, including those supported by the relevant standards.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes 
requirements of this document. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies.

ISO 23247-1, Automation systems and integration — Digital twin framework for manufacturing — Part 1: 
Overview and general principles

3	 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 23247-1 and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at https://​www​.electropedia​.org/​

3.1
ingot
large, single crystal of semiconductor material, typically silicon, that serves as the starting material for the 
production of semiconductor wafers

Note 1 to entry: The ingot is grown through a process called ingot growth, where high-purity silicon is melted and 
then slowly solidified to form a large cylindrical crystal. This crystal is typically several inches in diameter and can be 
several feet long, depending on the intended use and requirements.

Note 2 to entry: The ingot is the primary raw material from which individual semiconductor wafers are cut. These 
wafers undergo further processing steps to fabricate electronic components such as integrated circuits (ICs) or solar 
cells. The quality and characteristics of the ingot, including its crystalline structure and impurity levels, play a crucial 
role in determining the performance and reliability of the resulting semiconductor devices.
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