
IPC-9712
2026 – April

Requirements for Automated 
Inspection Process Control  

for IC Substrates

An international standard developed by  
Global Electronics Association



GEA Mission The Global Electronics Association promotes industry growth and strengthens supply chain resilience.

About IPC 
Standards by 
Global Electronics 
Association

IPC standards and publications by Global Electronics Association are designed to serve the public 
interest through eliminating misunderstandings between manufacturers and purchasers, facilitating 
interchangeability and improvement of products, and assisting the purchaser in selecting and obtaining 
with minimum delay the proper product for their particular need. Existence of such standards and 
publications shall not in any respect preclude any entity from manufacturing or selling products 
not conforming to such standards and publications, nor shall the existence of such standards and 
publications preclude their voluntary use.

IPC standards and publications by Global Electronics Association are approved by committees without 
regard to whether the standards or publications may involve patents on articles, materials or processes. 
By such action, Global Electronics Association does not assume any liability to any patent owner, nor 
does Global Electronics Association assume any obligation whatsoever to parties adopting a standard 
or publication. Users are wholly responsible for protecting themselves against all claims of liabilities 
for patent infringement.

Global Electronics 
Association 
Position Statement 

Revision Change

The use and implementation of IPC standards and publications by Global Electronics Association 
are voluntary and part of a relationship entered into by customer and supplier. When a standard 
or publication is revised or amended, the use of the latest revision or amendment as part of an 
existing relationship is not automatic unless required by the contract. Global Electronics Association 
recommends the use of the latest revision or amendment.

Standards 
Improvement 
Recommendations

Global Electronics Association welcomes comments for improvements to any standard in its library. 
All comments will be provided to the appropriate committee.

If a change to technical content is requested, data to support the request is recommended. Technical 
comments to include new technologies or make changes to published requirements should be 
accompanied by technical data to support the request. This information will be used by the committee 
to resolve the comment.

To submit your comments, visit the Status of Standardization page at www.electronics.org/status.

©Copyright 2026. IPC International, Inc., Bannockburn, Illinois. All rights reserved under both international and Pan-American 
copyright conventions. Any copying, scanning or other reproduction of these materials without the prior written consent of the 
copyright holder is strictly prohibited and constitutes infringement under the Copyright Law of the United States.



IPC-9712

Requirements for Automated 
Inspection Process Control 
for IC Substrates

Users of this publication are encouraged to participate in the development of 
future revisions.

Contact:

Global Electronics Association 
3000 Lakeside Drive, Suite 105N 
Bannockburn, Illinois 
60015-1249 
Tel 847 615.7100 
Fax 847 615.7105

Developed by the Automated Inspection for IC Substrates Process Control 
Standard Task Group (7-25b) of the Process Control Management Committee 
(7-20) of IPC

Global Electronics Association Standards and Artificial Intelligence (AI) 
Statement

Global Electronics Association is the trading name of IPC International, Inc., 
which owns the copyright to all IPC Standards and other IPC materials.

The Global Electronics Association explicitly prohibits:

• The integration or transfer of any data whether in the form of IPC books, 
standards, metadata, or other formats — into AI engines or algorithms by 
any person or entity, including authorized distributors and their end users.

• Activities involving data harvesting, text and data mining, enrichment, or 
the creation of derivative works based on this data, including the use of 
automated data collection methods or artificial intelligence.

Any breach of these provisions is considered a copyright infringement 
unless expressly authorized in advance in writing by the Global Electronics 
Association.

If a conflict occurs 
between the English 
language and translated 
versions of this document, 
the English version will 
take precedence.



This Page Intentionally Left Blank



iii

April 2026 IPC-9712

©Copyright 2026 IPC International, Inc., Bannockburn, Illinois.

Acknowledgment
Any document involving a complex technology draws material from a vast number of sources across many continents. While 
the principal members of the IC Substrates Process Control Standard Task Group Task Group (7-25b) of the Process Control 
Management Committee (7-20) are shown below, it is not possible to include all of those who assisted in the evolution of this 
standard. To each of them, the members of the IPC extend their gratitude.

Process Control Management 
Committee

Chair 
Tiberiu Baranyi 
 Flextronics Romania SRL

Stephanie Allard 
IBM Canada Limited

Sylvain Pharand 
IBM Canada Limited

Bertram Ren 
AT&S (Chongqing) Company Ltd.

Feng Xue 
IBM Infrastructure

Charlie Zhu 
CyberOptics

Automated Inspection for IC Substrates Process Control Standard Task Group

Shobhit Agrawal 
Keysight Technologies

Stephanie Allard 
IBM Canada Limited

Michael Allison 
Northrop Grumman

Jacynth Anderson 
Lockheed Martin Missile & Fire 
Control

Tiberiu Baranyi 
Flextronics Romania SRL

Elizabeth Cain 
TTM Technologies Advanced 
Technology Center

Zhiman Chen 
ZHUZHOU CRRC TIMES 
ELECTRIC CO., LTD

Francesco Di Maio 
Francesco Di Maio Consulting

Michael Engel 
Mercedes-Benz AG

Symon Franklin 
Custom Interconnect Ltd

James Gatherer 
Intel Corporation

Zhao Guoqing 
Changsha ZTE lntelligence 
Technology Co, Ltd

Sean Hensarling 
SpaceX

Meghua Jiang 
CyberOptics

Tianlei Jiang 
ZTE Nanjing Co., Ltd.

Mingu Kang 
Intek-Plus

Jacob Klotz 
Calumet Electronics Corp.

Peng Li 
ZTE Corporation

Thomas Marktscheffel
Patrick McComber 

TTM Technologies, Inc.
Cibi Palaniappan 

Cibi Palaniappan
Jackson Perry 

Amphenol
Sylvain Pharand 

IBM Canada Limited
Michah Pledger 

Pledger Resources, LLC
Bertram Ren 

AT&S (Chongqing) Company Ltd.
Hualiang Shi 

Meta
Patrick Smith 

Cirexx International, Inc.
Muthukrishnan Srinivasan 

Caterpillar India Private Limited

Michael Tan 
Intel Corporation

Audra Thurston 
Calumet Electronics Corp.

Xing Tong 
SAIC

Frank Uibel 
Uibel Consulting

E. Jan Vardaman 
TechSearch International Inc.

Sivakumar Vijayakumar 
Keysight Technologies

Grant Wachtel 
nScrypt Inc.

Udo Welzel 
Robert Bosch GmbH

Raymond Whittier 
BAE Systems

Nicholas Wilson 
Northrop Grumman Corporation

Feng Xue 
IBM Infrastructure

Charlie Zhu 
CyberOptics

Sherlock A-Team

of their working group.

IPC recognizes this A-Team for their exceptional leadership and effort in the development of this standard.

Automated Inspection for IC Substrates  
Process Control Standard Task Group

Chair 
Feng Xue 
 IBM Infrastructure

^!%^



This Page Intentionally Left Blank



v

April 2026 IPC-9712

©Copyright 2026 IPC International, Inc., Bannockburn, Illinois.

Table of Contents
1 SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.3 Definition of Requirements . . . . . . . . . . . . . . . . . . . . . . . . 1

1.4 Process Control Requirements . . . . . . . . . . . . . . . . . . . . . 1

1.5 Order of Precedence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.6 Terms and Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.6.1 Call . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.6.2 False Call . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.6.3 Manufacturer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.6.4 Process Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.6.5 Repair . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.6.6 Supplier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.6.7 User . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.7 Facilities Cleanliness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.8 Acceptance Requirements . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.9 Abbreviations and Acronyms . . . . . . . . . . . . . . . . . . . . . . 1

1.10 Inspection System Personnel Proficiency . . . . . . . . . . 1

2 APPLICABLE DOCUMENTS . . . . . . . . . . . . . . . . . . . . . . . . 2

2.1 IPC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

3 INSPECTION STRATEGY . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

3.1 Reliability Strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

3.2 Cycle Time Strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

3.3 Feedback Loops with Other Tests. . . . . . . . . . . . . . . . . . 2

3.4 Defect Validation Strategies . . . . . . . . . . . . . . . . . . . . . . . 2

4 INSPECTION SYSTEM USE REQUIREMENTS  
AND CAPABILITIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

4.1 Inspection System Performance . . . . . . . . . . . . . . . . . . . 3

4.2 Software . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

4.3 Networks and Communication . . . . . . . . . . . . . . . . . . . . 3

5 INSPECTION SYSTEM RECIPE ALGORITHM  
SETUP REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

5.1 Programming Inputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

5.2 Programming Outputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

6 NEW SYSTEM SETUP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

6.1 Data Provided by Manufacturer . . . . . . . . . . . . . . . . . . . . 4

6.2 Data and Support Provided by the Supplier . . . . . . . 4

6.3 Data and Preparation at Installation Site  
(at the Manufacturer). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

6.4 Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

7 INSPECTION SYSTEM QUALIFICATION AND 
MAINTENANCE  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

7.1 Inspection System Qualification . . . . . . . . . . . . . . . . . . . 4

7.2 Qualification Measurements . . . . . . . . . . . . . . . . . . . . . . . 4

7.3 Qualification (Gage) Parts and Their  
Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

7.4 Qualification Measurement Volume (Depth) . . . . . . 4

7.5 Qualification Acceptance Criteria . . . . . . . . . . . . . . . . . . 4

7.6 Reference Value and Tolerance Range . . . . . . . . . . . . . 4

7.7 Requalification Parameters . . . . . . . . . . . . . . . . . . . . . . . . 4

7.8 Documentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

7.9 Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

7.9.1 Calibration Intervals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

7.9.2 Repeatability and Reproducibility Analysis . . . . . . . 4

7.10 System Matching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

7.11 Ongoing Maintenance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

7.12 Inspection System Reliability . . . . . . . . . . . . . . . . . . . . . . 4

8 PROCESS CONTROL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

8.1 Inspection Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

8.2 Strategy Based on Defined Standard  
Inspection Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

8.3 Key Defects to Monitor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

8.3.1 Internal Substrate Layers Key Defects to 
Monitor by AOI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

8.3.2 External Substrate Layer Key Defects to 
Monitor by AVI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

8.3.3 Physical Compliance Key Parameters to 
Monitor by Metrology . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

8.4 Algorithm Settings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

8.4.1 Inspection Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

8.4.2 Threshold Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

8.4.3 Sample Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

8.5 Statistical Process Control . . . . . . . . . . . . . . . . . . . . . . . . . 6

8.6 Accept/Reject Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

8.7 False Call Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

8.8 Escape Rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

^!%^



vi

IPC-9712  April 2026

©Copyright 2026 IPC International, Inc., Bannockburn, Illinois.

APPENDIX A Examples of Anomalies/Defects  
Picked Up by AOI and AVI Systems . . . . . . . . . 7

APPENDIX B Best Practices for Criteria Thresholds  
for an Inspection Strategy . . . . . . . . . . . . . . . . . . 9

B.1 Key Performance Indicators (KPI) . . . . . . . . . . . . 9

B.2 False Call Reduction . . . . . . . . . . . . . . . . . . . . . . . . . 10

APPENDIX C Automated Inspection Tool Types Used  
in Process Control for IC Substrates . . . . . . . 12

APPENDIX D Index of Acronyms and Abbreviations . . . . . 13

Figures

Figure 3-1 Inline Validation Strategy . . . . . . . . . . . . . . . . . . . . . 2

 . . . . . . . . . . . . . . . . . . . . 3

Figure A-1 AOI System Sample Defect Images . . . . . . . . . . . 7

Figure A-2 AVI System Sample Defect Images . . . . . . . . . . . . 8

^!%^


