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December 2023 IPC-4413

Specification for Finished Fabric Woven from
Low Dk Glass for Printed Boards

1 SCOPE

This specification covers finished fabrics woven from low Dk electrical grade glass fiber yarns that are intended as a reinforcing
material in laminated plastics for electrical and electronic use. All fabrics covered by this specification are plain weave.

1.2 Purpose This specification determines the nomenclature, definitions, general and chemical requirements for the glass, and
physical requirements for finished woven glass fiber fabrics.

1.3 Designation Appendix II of this standard provides a style designator for each finished fabric glass style, with specifications
on yarn, fabric count, thickness and weight in both SI and US system. Fabrics listed in Appendix II also categorize fabrics by
their current availability status.

1.4 Classification

CLASS 1 General Electronic Products Includes products suitable for applications where the major requirement is function of
the completed assembly.

CLASS 2 Dedicated Service Electronic Products Includes products where continued performance and extended life is required,
and for which uninterrupted service is desired but not critical. Typically, the end-use environment would not cause failures.

CLASS 3 High Performance/Harsh Environment Electronic Products Includes products where continued high performance or
performance-on-demand is critical, equipment downtime cannot be tolerated, end-use environment may be uncommonly
harsh, and the equipment must function when required, such as life support or other critical systems.

1.5 Measurement Units All dimensions and tolerances in this specification are expressed in hard SI (metric) units and
bracketed soft imperial [inch] units. Users of this specification are expected to use metric dimensions. All dimensions > 1 mm
[0.0394 in] will be expressed in millimeters and inches. All dimensions < 1 mm [0.0394 in] will be expressed in micrometers
and microinches.

1.6 Definition of Requirements The words shall or shall not are used in the text of this document wherever there is a
requirement for materials, preparation, process control or acceptance.

The word “should” reflects recommendations and is used to reflect general industry practices and procedures for guidance only.

Line drawings and illustrations are depicted herein to assist in the interpretation of the written requirements of this Standard.
The text takes precedence over the figures.

1.7 Process Control Requirements The primary goal of process control is to continually reduce variation in the processes,
products, or services to provide products or processes meeting or exceeding User requirements. Process control tools such as
IPC-9191, JESD557 or other User-approved system may be used as guidelines for implementing process control.

Manufacturers of Class 3 products shall develop and implement a documented process control system.
A documented process control system, if established, shall define process control and corrective action limits.

This may or may not be a statistical process control system. The use of “statistical process control” (SPC) is optional and
should be based on factors such as design stability, lot size, production quantities, and the needs of the Manufacturer, see 4.1.

Process control methodologies shall be used in the planning, implementation and evaluation of the manufacturing processes
used to produce soldered electrical and electronic assemblies. The philosophy, implementation strategies, tools and techniques
may be applied in different sequences depending on the specific company, operation, or variable under consideration to relate
process control and capability to end product requirements.

When a decision or requirement is to use a documented process control system, failure to implement process corrective action
and/or the use of continually ineffective corrective actions would be grounds for disapproval of the process and associated
documentation.

1.8 Order of Precedence The contract takes precedence over this Standard, referenced standards and drawings. In the event
of conflict, the following order of precedence applies:
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	Benefits of Membership
	Table 3-1 Classification of Defects 
	Table 3-2 Filament Diameter Designations 
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and the Acceptable Quality Level
	Table AI-2 Cross Reference Between IPC-4413, ASTM and ISO Documents 
	Table BI-1 Finished Glass Styles for SI System
	Table BI-2 Finished Glass Styles for US System
	1 SCOPE 
	1.2 Purpose This specification determines the nomenclature, definitions, general and chemical requirements for the glass, and physical requirements for finished woven glass fiber fabrics. 
	1.3 Designation Appendix II of this standard provides a style designator for each finished fabric glass style, with specifications on yarn, fabric count, thickness and weight in both SI and US system. Fabrics listed in Appendix II also categorize fabrics 
	1.4 Classification
	1.5 Measurement Units All dimensions and tolerances in this specification are expressed in hard SI (metric) units and bracketed soft imperial [inch] units. Users of this specification are expected to use metric dimensions. All dimensions ≥ 1 mm [0.0394 in
	1.6 Definition of Requirements The words shall or shall not are used in the text of this document wherever there is a requirement for materials, preparation, process control or acceptance. 
	1.7 Process Control Requirements The primary goal of process control is to continually reduce variation in the processes, products, or services to provide products or processes meeting or exceeding User requirements. Process control tools such as IPC-9191
	1.8 Order of Precedence The contract takes precedence over this Standard, referenced standards and drawings. In the event of conflict, the following order of precedence applies:
	1.8.1 Conflict In the event of conflict between the requirements of this standard and the applicable drawing(s) and documentation, the applicable user-approved drawing(s) and documentation govern.
	1.8.2 Clause References When a clause in this document is referenced its subordinate clauses apply, unless the requirement references specific subordinate clauses.
	1.8.3 Appendices Appendices to this standard are not binding requirements unless separately and specifically required by this standard, the applicable contracts, assembly drawing(s), documentation or purchase orders. Appendices provide further information
	1.8.3.1 Appendix A Cross Reference to ISO Standards Finished Fabric Glass Styles 
	1.8.3.2 Appendix B Finished Fabric Glass Styles
	1.8.3.3 Appendix C Abbreviations and Acronyms
	1.9 Use of “Lead” For readability and translation, this document uses the noun lead only to describe leads of a component. The metallic element lead is always written as Pb.
	1.10 Abbreviations and Acronyms Periodic table elements are abbreviated in the standard. See Appendix A for full spellings of abbreviations (including elements) and acronyms used in this standard.
	1.11 Terms and Definitions 1.11.1 AQL (Acceptable Quality Level) Maximum number of defects per hundred units that can be considered satisfactory as a process average. 
	1.11.2 Bias Filling Yarns Yarns that are off-square to the warp ends. 
	1.11.3 Bow Filling Yarns Yarns that lie in an arc across the width of the fabric. 
	1.11.4 Creases A ridge in the fabric caused by a fold or wrinkle being placed under pressure. 
	1.11.5 Defects A substandard area in a fabric. 
	1.11.5.1 Major Defect A defect that is likely to result in failure, or to reduce materially the usability of the unit of product for its intended purpose. 
	1.11.5.2 Minor Defect A defect that is not likely to reduce materially the usability of the unit of product for its intended purpose. 
	1.11.5.3 Defect per Hundred Units Number of Defects / Number of Units Inspected x 100 
	1.11.6 Low Dk Glass (Electrical Grade Glass Fiber) Low Dk glass which is to be used for PWB applications, is a continuous filament glass yarn. Chemical composition is proprietary for each supplier and will be certified by the yarn supplier as agreed betwe
	1.11.6.1 Permittivity (Dielectric Constant) for Base Low Dk Glass The permittivity (dielectric constant) of base Low Dk glass to be used for printed board applications, as a reference only value, is 4.8 @ 1 GHz, as measured by IPC-TM-650, Method 2.5.5.9. 
	1.11.6.2 Density The density of Low Dk is not the same as “E” Glass. The approximate density for the purpose of this standard is 2.3 g/cc for reference only.
	1.11.7 End Missing A very small portion of the warp in the fabric that may have been broken in the pick-out of waste. 
	1.11.8 Feather Length Length of distance from last warp end to the end of the pick. 
	1.11.9 Fabric Finish Treatment of fabric to aid in compatibility with resins. 
	1.11.10 Fish Eye Small area of fabric which resists resin wetting and can be caused by the resin system, fabric and treatment. 
	1.11.11 Leno End Out Missing wrapper warp end from the edge of the fabric. 
	1.11.12 Lot or Batch Size A collection of units produced in one continuous, uninterrupted finish run from which a sample is drawn and inspected or tested to determine conformance with the acceptability criteria. 
	1.11.13 Mark Heavy or light area in fabric due to excessive or less filling yarns. 
	1.11.13.1 Heavy Mark A filling defect extending across the width of the fabric containing two picks/inch in excess of the nominal count 
	1.11.13.2 Light Mark A filling defect extending across the width of the fabric containing two picks/inch less than the nominal count. 
	1.11.14 Pick Filling yarn running crosswise the entire width of a fabric. 
	1.11.14.1 Broken Pick A filling yarn missing from a portion of the width of the fabric. 
	1.11.14.2 Mis-picks Break in the pattern of cloth from selvage to selvage caused by a missing filling yarn. 
	1.11.15 Plain Weave A fabric configuration where each warp end should go over one pick and under the next, and each pick should go over one warp end and under the next. 
	1.11.16 Splits An opening in the fabric resulting from either the pick or end breaking in two. This is usually caused by the fabric folding over and creasing. 
	1.11.17 Spread Glass Fabric A woven glass fabric, the warp and/or fill yarns of which, through mechanical action, are flattened (spread out) such that the radial cross sectional aspect ratio (ratio of length of major and minor axes) is increased and the p
	1.11.18 Tears A large rip in the fabric usually caused by excessive tension being applied during processing. It could be caused by weak fabric. 
	1.11.19 TEX System A system for expressing linear density of yarn or other textile strand. The unit is equivalent to grams/kilometer. 
	1.11.20 Waste A lump or collection of yarn or filament woven into the fabric where accumulated contamination off the loom has found its way into the fabric. 
	1.11.21 Waviness Cloth is woven under varying tensions preventing even placement of picks resulting in alternating thick and thin places. 
	1.12 Yarn Nomenclature There are two systems of identifying fiber glass yarns: the US system and system international (SI)/metric. Consider the following example: DCBC 1700 1/0 in US system or DC4 2.92 1x0 in SI. These are the same systems used in IPC-441
	1.12.1 US System For the ‘‘DCBC ’’ in ‘‘DCBC 1700 1/0 ,’’ the first letter represents the grade of glass; the second indicates whether the yarn is continuous (‘‘C’’) or staple (‘‘S’’ - fibers of a cut length), and the third and forth represents the filame
	1.12.2 SI/Metric For the ‘‘DC4 ’’ in DC4 2.92 1x0 , the first letter represents the grade of glass; the second indicates whether the yarn is continuous (‘‘C’’) or staple (‘‘S’’ - fibers of a cut length). The number represents the filament diameter (see 3.
	1.12.3 Conversion from US System to SI To convert from the US system to SI, the changes are: 
	2 APPLICABLE DOCUMENTS 
	2.2 American Society for Testing and Materials (ASTM) 
	2.3 International Standards 
	2.4 National Conference of Standards Laboratories (NCSL) 
	3 REQUIREMENTS 
	3.2 Filament Diameter The filament diameters shall be determined in accordance with ASTM D578. The nominal filament diameter and the range of averages for products used in electrical laminates are as given in Table 3-2. 
	3.3 Bare Glass Nominal Measurement Bare glass nominal measurement (yardage) shall be as defined in Table 3-3. 
	3.4 Chemical Requirements 
	3.4.1 Finish Level (Organic Content) The finish level of the fabric shall be determined in accordance with 4.4.8. The organic content of the finish fabric shall be no less than 0.05% and no more than 1.50 %, unless otherwise agreed upon between user and s
	3.5 Workmanship Unless otherwise specified, the maximum allowable number of splices is one per 915 m (1000 yd), with a minimum length between splices of 137 m (150 yd). All splices shall be flagged and compatible with resin solvents. Splices shall not los
	3.6 Alternate Fabric Styles and Weaves For alternate fabric styles and weaves not covered by this specification, requirements shall be as agreed upon between user and supplier. 
	4 QUALITY ASSURANCE 
	4.2 Responsibility for Inspection If specified on the purchase order, all fabrics shall be inspected as per 4.3, according to the test methods specified herein. Except as otherwise specified in the purchase order, the supplier may use his own or any other
	4.2.1 Test Equipment and Inspection Facilities Test and measuring equipment and inspection facilities of sufficient accuracy, quality, and quantity to permit performance of the required inspection shall be established and maintained by the supplier. The e
	4.2.2 Preparation of Samples Unless otherwise specified herein or in the test methods, samples shall be prepared in accordance with standard in-house procedures. If a referee method is required, it shall be as agreed upon between user and supplier. 
	4.2.3 Standard Laboratory Conditions Unless otherwise specified herein, all sample conditioning and testing shall be performed in accordance with the test conditions specified in the general requirements of ASTM-D1776. 
	4.3 Inspection Requirements and Acceptability The acceptability of the product shall be in accordance to 4.3.2 or 4.3.3 as specified in the purchase order. 
	4.3.1 Sample Size The definition of a sample size for use shall be in proportion to the size of the lot, i.e., the number of rolls and/or total yards to be shipped, per Table 4-1 and Table 4-2. 
	4.3.2 Sampling Plans Sampling plans sufficient to ensure an AQL of 2.5% shall be used (see Table 4-1 and Table 4-2) and shall be substantiated by the supplier and available for inspection by the user on request. 
	4.3.3 Acceptable Quality Level (AQL) No 1 m [1.1 yards] shall be penalized with more than one major defect. 
	4.4 Test Methods 
	4.4.1 Fabric Appearance Fabric shall be inspected while traversing over a flat viewing area of at least one linear meter by the full width of the fabric. 
	4.4.2 Fabric Count Lay fabric sample on a flat surface free of tension, creases, or wrinkles. Using any suitable magnifying or counting device (such as pick glass or ruler) count the number of yarns in a cm2 or in2 area for both warp and fill directions. 
	4.4.3 Weave Type Place the fabric sample on a flat surface with the warp direction extending away from the observer. Examine the sample with either the naked eye or low power magnification (if needed). 
	4.4.4 Fabric Thickness Fabric thickness is measured with apparatus equipped with a 6.35 mm [0.250 in] diameter presser foot and anvil and 1.76 kg/cm2 [25.03 psi] load. (Tester TMI 549 MS5 or equivalent.) 
	4.4.5 Weight per Unit Area Prepare a fabric specimen or a number of smaller die cut specimens having a total minimum area of 290 cm2 [44.95 in2]. Do not take specimens closer than 1/10 of the fabric width to a selvage or cut edge. Measure specimen dimensi
	4.4.6 Fabric Length The fabric roll length shall be measured by the clock method. The measuring device consists of a wheel or pair of wheels mounted on a free running axle connected to a counting mechanism graduated to read in meters and centimeters [yard
	4.4.7 Fabric Width Place the fabric on a smooth horizontal surface without tension in any direction. Measure the width to the nearest 2.5 mm [0.1 in] perpendicular to the edges using a measuring stick or steel tape. In the case of ‘‘feathered’’ or ‘‘fring
	4.4.8 Finish Level (Organic Content) Cut a fabric specimen from the center of the fabric with a weight of 6 g [0.21oz] or total minimum area of 290 cm2 [44.95 in2]. Fold the sample in from all edges and tuck it into a compact square or triangle with no lo
	4.4.9 Bias or Bowed Filling Place the glass fabric or prepreg against a right angle ruler or over a right angle edge of a flat table. (Handle the glass gently and evenly so not to distort it during testing.) The warp (machine) direction or the length of t
	5 PREPARATION FOR DELIVERY 
	5.2 Packing Packing shall be as specified (see 6.1). 
	5.3 Marking In addition to any special marking required by the contract or order, each unit package, exterior container and unitized load shall be clearly marked to assure product identity. 
	6 NOTES 
	6.2 New Styles A new or altered woven fiber glass style shall be considered for addition to IPC-4413 when the appropriate style and yarn designations and format as listed in Appendix II are submitted to IPC. When a new style is submitted from a US system 



