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1.0 PURPOSE This procedure establishes proper methods and practices for quantifying the areal surface topography/texture
of metallic foil using a noncontact, 3-D surface measurement device. The primary reported values will include Sa, Sq, Sz,
Sdr, Ssk, Vmc (refer to 7.2) and other relevant measured spatial and functional volume parameters.

2.0 APPLICABLE DOCUMENTS

2.1 IPC
IPC-4562 Metal Foil for Printed Board Applications

2.2 International Standards
1SO 16610 Geometrical Product Specifications (GPS) — Filtration

1ISO 25178-2 Surface Texture: Areal — Part 2: Terms, Definitions and Surface Texture Parameters

3.0 METALLIC FOIL SAMPLE PREPARATION

3.1 Samples tested shall be as received foil taken from a representative location of metallic foil. The sample size of the foil shall
be no larger than the fixture used to mount the sample. Specific sample orientation (machine or cross direction) is not required.

3.2 Samples shall be tested as is, but proper care must be taken to prevent scratches, dents, or bending to ensure the integrity of
the surface. Operators of the measurement machine shall follow the recommended manufacturers’ recommendation for sample
fixturing and measurement.

4.0 EQUIPMENT/ENVIRONMENT

4.1 A non-contact 3D laser imaging and measurement machine shall be used. The machine must be equipped with a laser
with a wavelength between 325 and 410 nm. The equipment shall be capable of being calibrated in accordance with section 5
procedure, and testing foil samples in accordance with section 6 of this procedure.

Example of non-contact 3D laser machines capable of meeting this method’s requirements are:
Evident OLS-4100, Keyence VK-X3100 or equivalent.

4.2 The measurement machine shall be installed in accordance with the manufacturer’s recommendations to minimize outside
environmental interference such as vibration.

4.3 A Rubert roughness standard, model KB-RS529 (Ra: 0.1pm), is required for machine calibration.

IPC disclaims all liability of any kind as to the use, application, or adaptation
of this material. Equipment referenced is for the convenience of the user and
does not imply endorsement by IPC.
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5.0 CALIBRATION PROCEDURE FOR A MACHINE WITH RUBERT STANDARD SPECIMEN

5.1 The operator shall program the machine to measure an area from 4,000 to 5,000 square microns with a length to width
aspect ratio close to 1:1, The measurement magnification shall be between 150 to 200X (Lens NA = 0.95) for measuring the
areal surface roughness Sa of the Standard. The wavelength of the laser shall be shorter than 410 nm.

Appearance of a Rubert roughness standard, model KB-RS529
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5.2 Measurement Procedure of the Rubert Standard

Recommended measurement conditions:

Machine Type OLS-4500 VK-X3100
Laser Wavelength (nm) 405 404
Lens X 100 X100
Measurement Settings | Digital Zoom X2 X 15
Magnification X 200 X 150
Measurement Areas 4 areas: 64pm x 64um each
Filter None*

*Adjust noise removal and tilt correction prior to measurement.
Five measurement locations on the Rubert Standard shall be made. The five coordinate locations (X,Y), from the top left corner
of the standard are:
A. 4mm,-5mm
B. 6 mm, -5 mm
C. 15mm,—13 mm
D. 17 mm, —13 mm

E. 27mm, 21 mm

At each of the five locations, four measurements in adjacent areas of 64 um x 64 pm shall be made in the following array:

1 2

3| 4

5.3 Data Analysis

To obtain the measured Sa value, first calculate the average of the values measured in the four adjacent areas at each of the five
coordinate locations (A through E). Then use the average of the values attained at the five coordinate locations to determine the
value for the standard.

Example: Sa measurement and analysis on a Rubert Standard, model KB-RS529, with a calibration certificate of Ra=0.102 pm.

Sa (um)
Measurement Coordinate Location
A B C D E

1 0.102 0.100 0.109 0.107 0.108
Measurement Area 2 1.101 0.098 0.108 0.107 0.108

3 0.099 0.099 0.109 0.107 0.1M

4 0.101 0.098 0.18 0.107 0.110
Area Average 0.101 0.099 0.109 0.107 0.109
Overall Average 0.150
3 0 (Std Dev) 0.014
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5.4 If the measured Sa value is greater than 20% different from the Rubert Standard specimen’s certified value, a machine
calibration is required.

» First, use only the “L Filter” to remove the waviness of the standard specimen to bring the measured value closer to
the certified coupon value.

* Second, remove noise from the measurement using only the “S Filter” to bring the measured value closer to the certified
coupon value.

* Use both the “L Filter” and “S Filter” settings identified above.
When adjusting the value to Sa 0.10um for calibration, “L Filter” and “S Filter” shall be used to calibrate the machine.
With regards to assuring universally quantitative profile value, both Filter settings shall be used to ensure compatibility
of other machines.

5.5 Prior to measurement of metallic foil samples the machine shall be properly calibrated. Verification of calibration shall be
performed by testing the actual Rubert Standard Specimen at least monthly on the measurement machine.

5.6 A Rubert Standard Specimen will be placed so the measurement is vertical to the standard surface. Operator will locate the
measurement center point in the XY axis to match the specific coordinate locations being measured on the Standard. This is
being done to assure measurements are always taken at the same location on the Standard.

6.0 PROCEDURE FORTESTING ON METALLIC FOIL

6.1 The test machine settings and procedure used for measuring the metallic foil samples shall be the same as used for measuring
the Rubert Standard.
6.2 Foil samples shall be secured to the microscope stage to prevent movement during the measurement process.
Suggested methods to secure the foil for measurement are as follows:
1. Mount the foil to a standard SEM cylinder fixture using double-sided carbon tape, or equivalent.

2. Use a vacuum fixture to hold the copper foil in place so as not to distort the sample.

70 MEASUREMENT PARAMETERS AND MACHINE SETUP

7.1 All measurements shall be conducted using the saved set-up and measurement parameters (commonly termed “‘a template™)
to ensure that all measurements are done using the exact same test method. Programs and procedures for each piece of specific
measurement equipment shall be available upon request. It is expected that the measurement template will differ according to
the make and model of the measurement machine.

7.2 The machine manufacturer should be consulted to define the specific measurement machine template needed to assure
compliance with this measurement procedure.
The following measurement values may be collected: Sa, Sq, Sz, Sdr, Ssk, and Vmc

* Sais defined as the average absolute value height in reference to the mean plane.

* Sq is defined as the root mean square (RMS) height in reference to the mean plane.

* Sz is defined as equivalent to the sum of the maximum peak height and maximum valley depth.

» Sdris defined as the rate of an increase in the surface area.

+ Ssk is defined as a parameter used to evaluate deviations in the height distribution.

* Vmc is defined as the volume of the core part of the body and the space part on the load curve.
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8.0 MEASUREMENT RESULTS

8.1 The Sa values measured in accordance with this method shall be reported as the surface profile of metallic foils.
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The Global Electronics Association promotes industry growth and strengthens supply chain resilience.

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.

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.

Disclaimer: The Global Electronics Association (“Association”) provides this standard without
warranties. IPC Standards may be subject to U.S. export laws, including the EAR99; users are solely
responsible for classification and compliance when sharing or using them internationally. To the fullest
extent permitted by law, the Association and its contributors are not liable for any losses or damages
arising from their use.

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.

Global Electronics Association Standards and Artificial Intelligence (Al) 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:

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

e 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.

©Copyright 2026. IPC International, Inc., Bannockburn, lllinois. All rights reserved under both international and Pan-American
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