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July 2026 IPC-6013F

Qualification and Performance Specification for Flexible/Rigid-
Flexible Printed Boards

1.0 SCOPE

1.1 Statement of Scope This specification covers qualification and performance requirements of flexible printed boards. The
flexible printed board may be single-sided, double-sided, multilayer, or rigid-flex multilayer. All of these constructions may or
may not include stiffeners, plated-through holes (PTHs), and blind/buried vias.

The flexible or rigid-flex printed board may contain build up High Density Interconnect (HDI) layers. The printed board may
contain embedded active or passive circuitry with distributive capacitive planes, capacitive or resistive components conforming
to IPC-6017.

The rigid section of the printed board may contain a metal core or external metal heat frame, which may be active or nonactive.

1.2 Purpose The purpose of this specification is to provide requirements for qualification and performance of flexible printed
boards designed to IPC-2221, IPC-2223 and IPC-2228.

1.3 Performance Classification, Board Type, and Installation Usage

1.3.1 Classification This specification recognizes that flexible printed boards will be subject to variations in performance
requirements based on end-use. These performance classes (Class 1, Class 2, and Class 3) are defined in IPC-6011.

1.3.2 Printed BoardType Performance requirements are established for the different types of flexible printed boards, classified
as follows:

Type 1 - Single-sided flexible printed boards containing one conductive layer, with or without stiffeners.

Type 2 - Double-sided flexible printed boards containing two conductive layers with PTHs, with or without stiffeners.

Type 3 - Multilayer flexible printed boards containing three or more conductive layers with PTHs, with or without stiffeners.
Type 4 - Multilayer rigid and flexible material combinations containing three or more conductive layers with PTHs.

Type 5 - Flexible or rigid-flex printed boards containing two or more conductive layers without PTHs.

1.3.3 Installation Uses

Use A - Capable of withstanding flex during installation.

Use B - Capable of withstanding continuous flexing for the number of cycles as specified on the procurement documentation.
Use C - High temperature environment (over 105 °C [221 °F]).

Use D - UL Recognition. See UL 94 and UL 796F

1.3.4 Selection for Procurement For procurement purposes, performance class and installation usage shall be specified in the
procurement documentation.

The documentation shall provide sufficient information to the supplier so that the supplier can fabricate the flexible printed boards
and ensure that the user receives the desired product. Information that should be included in the procurement documentation
is to be in accordance with IPC-2611 and IPC-2614.

Note: If the drawing specifies the requirement in words, designators are not required.

The procurement documentation shall specify the thermal stress test method and the number of cycles (in relation to reflow
profiles in IPC-TM-650, Method 2.6.27) to be used to meet the requirement of 3.6.1. Selection shall be from those depicted in
3.6.1.1, 3.6.1.2, 3.6.1.3 and 3.6.1.4. If not specified (see 5.1), the default shall be per Table 1-1.

During the selection process, the user should take into consideration the following when determining the appropriate thermal
stress test method:

e Wave solder, selective solder, hand solder assembly processes (see 3.6.1.1)
e Conventional SnPb reflow processes (see 3.6.1.2)

e Pb-free reflow processes (see 3.6.1.3 and 3.6.1.4)

©Copyright 2026. IPC International, Inc., Bannockburn, lllinois. 1
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	1.0 SCOPE
	1.1 Statement of Scope This specification covers qualification and performance requirements of flexible printed boards. The flexible printed board may be single-sided, double-sided, multilayer, or rigid-flex multilayer. All of these constructions may or m
	1.2 Purpose The purpose of this specification is to provide requirements for qualification and performance of flexible printed boards designed to IPC-2221, IPC-2223 and IPC-2228.
	1.3 Performance Classification, Board Type, and Installation Usage
	1.3.1 Classification This specification recognizes that flexible printed boards will be subject to variations in performance requirements based on end-use. These performance classes (Class 1, Class 2, and Class 3) are defined in IPC-6011.
	1.3.2 Printed Board Type Performance requirements are established for the different types of flexible printed boards, classified as follows:
	1.3.3 Installation Uses
	1.3.4 Selection for Procurement For procurement purposes, performance class and installation usage shall be specified in the procurement documentation.
	1.3.4.1 Selection (Default) The procurement documentation shall specify those requirements that are a result of the selection process within this specification. This includes all references to “AABUS”. If the requirement selection is not made in accordanc
	1.3.5 Material, Plating Process and Final Finish
	1.3.5.1 Laminate Material Laminate material is identified by numbers and/or letters, classes and types as specified by the appropriate specification listed in the procurement documentation.
	1.3.5.2 Plating Process The copper plating process used to provide the main conductor in the holes is identified by a single number as follows:
	1.3.5.3 Final Finish and Coatings The final finish/coating can be one of the finishes/coatings specified below or a combination of several platings and is dependent on assembly processes and end-use. If required, the thickness shall be specified in the pr

	1.4 Terms and Definitions The definition of all terms used herein shall be as specified in IPC-T-50 and as defined in 1.4.1.
	1.4.1 Design Data Data which is communicated to a printed circuit board fabricator and may include mechanical information, electrical design information and requirements concerning end item performance, item end-use environment, item configuration, materi

	1.5 Interpretation The word “shall”, the imperative form of the verb, is used throughout this standard whenever a requirement is intended to express a provision that is mandatory. Deviation from a “shall” requirement may be considered if sufficient data i
	1.6 Presentation All dimensions and tolerances in this specification are expressed in hard SI (metric) units and parenthetical soft imperial (inch) units. Users of this specification are expected to use metric dimensions.
	1.7 Design Data Protection Design data is property owned by an organization or business entity. When design data is known to or in the custody of the printed board fabricator or their agents, it shall be protected as specified by the procurement documenta

	2.0 APPLICABLE DOCUMENTS
	2.1 Global Electronics Association
	2.2 Joint Industry Standards1
	2.3 Federal
	2.4 Other Publications
	2.4.1 ASTM International
	2.4.2 Underwriters Lab
	2.4.3 National Electrical Manufacturers Association
	2.4.4 American Society for Quality
	2.4.5 AMS3
	2.4.6 American Society of Mechanical Engineers
	2.4.7 SAE3


	3.0 REQUIREMENTS
	3.1 General Flexible printed boards furnished under this specification shall meet or exceed the requirements of IPC-6011 and the specific performance class as required by the procurement documentation. Descriptions and purposes of test coupons are documen
	3.2 Materials Used in this Specification All materials used in construction of the flexible printed board shall comply with applicable specifications and the procurement documentation. The user has the responsibility to specify on the procurement document
	3.2.1 Laminates and Bonding Materials Metal-clad laminates, unclad laminates, and bonding material should be selected using IPC-4101, IPC-4103, IPC-4202, IPC-4203, IPC-4204, or NEMA LI 1-1989. Embedded device materials shall be selected from IPC-4811 or I
	3.2.1.1 Flexible Material Options At the supplier’s option, flexible metal-clad dielectrics and adhesive coated dielectric films may be manufactured using individual components per IPC-4562, IPC-4202, and IPC-4203. In addition, materials per IPC-4204 may 
	3.2.2 External Bonding Materials The material used to adhere external heat sinks or stiffeners to the flexible printed board should be selected from IPC-4101, IPC-4202, IPC-4203, IPC-4204, or as specified on the procurement documentation.
	3.2.3 Other Dielectric Materials Photoimageable dielectrics should be specified in the procurement documentation. Other dielectric materials may be specified on the procurement documentation.
	3.2.4 Metal Foils Copper foil should be in accordance with IPC-4562. Foil type, foil grade, foil thickness, bond enhancement treatment, and foil profile should be specified on the master drawing if critical to the function of the flexible printed board. R
	3.2.4.1 Resistive Metal Foil Resistive metal foil shall be specified in the procurement documentation.
	3.2.5 Metal Planes/Cores Metal planes and/or metal core substrates shall be specified on the master drawing as shown in Table 3-1.
	3.2.6 Base Metallic Plating Depositions and Conductive Coatings The thickness of the plating and/or surface finish coatings shall be in accordance with Table 3-2. The copper plating thickness for the surface, PTHs, via holes, blind vias, buried vias and m
	3.2.6.1 Electroless Copper Depositions and Conductive Coatings Electroless depositions and conductive coatings shall be sufficient for subsequent plating processes and may be either electroless metal, vacuum deposited metal, or metallic or non-metallic co
	3.2.6.2 Electrodeposited Copper Electrodeposited copper plating shall meet the following criteria. Frequency of testing shall be in accordance with Table 4-3.
	3.2.6.3 Fully Additive Electroless Copper Depositions Additive/electroless copper platings applied as the main conductor metal shall meet the requirements of this specification. Deviations shall be AABUS.
	3.2.7 Final Finish Depositions and Coatings – Metallic and Non-Metallic
	3.2.7.1 Electrodeposited Tin The allowance of and the requirements for use of electrodeposited tin shall be AABUS. It is recommended that the user refer to JEDEC/IPC JP002, IPC/PERM-WP-022 and SAE GEIA-STD-0005-2 for guidance on potential mitigation pract
	3.2.7.2 Electrodeposited Tin-Lead Tin-lead plating shall meet the composition (50-70% tin) requirements of ASTM B579. Fusing is required unless the unfused option is selected wherein the thickness specified in Table 3-2 (Code TLU) applies.
	3.2.7.3 Hot Air Solder Leveling (HASL)/Solder Coating The solder coating shall be as specified on the master drawing and the procured solder used for coating shall meet the requirements of J-STD-006. HASL is the process for solder coating that involves di
	3.2.7.3.1 Eutectic Tin-Lead Solder Coating The solder used for conventional, lead-bearing coatings shall be in accordance with the requirements of 3.2.7.3, except the thickness shall be in accordance with Table 3-2 (Code S).
	3.2.7.3.2 Pb-Free Solder Coating The solder used for lead-free solder coating shall be in accordance with the requirements of 3.2.7.3, except the thickness shall be in accordance with Table 3-2 (Code b1).
	3.2.7.3.3 Solder Coating Deviations Deviations to these requirements shall be AABUS.
	3.2.7.4 Electrodeposited Nickel Nickel plating thickness shall be as specified in Table 3-2 (Code N). When used as an undercoat or barrier layer for gold or other metals, the thicknesses shall be as specified in Table 3-2 (Code NB).
	3.2.7.5 Electrodeposited Gold Electrodeposited gold plating shall be in accordance with ASTM B488. Purity and hardness shall be specified in the procurement documentation. The thickness shall be as specified in Table 3-2 (Code G, GS, GWB-1 and GWB-2).
	3.2.7.6 Electroless Nickel Immersion Gold (ENIG) ENIG plating deposit shall be in accordance with IPC-4552. Deposit thickness shall be in accordance with IPC-4552 and as specified in Table 3-2 (Code ENIG). Frequency of sample thickness measurement for Cla
	3.2.7.7 Electroless Nickel/Electroless Palladium/Immersion Gold (ENEPIG) ENEPIG plating deposit shall be in accordance with IPC-4556. Deposit thickness shall be in accordance with IPC-4556 and as specified in Table 3-2 (Code ENEPIG). Allowable thickness c
	3.2.7.8 Immersion Silver Immersion silver plating shall be in accordance with IPC-4553 (see Table 3-2 (code IAg)). Pad size for thickness measurements shall be in accordance with IPC-4553. Frequency of sample thickness measurement for Class 1, Class 2 and
	3.2.7.9 Immersion Tin Immersion tin plating deposit shall be in accordance with IPC-4554 (see Table 3-2 (code ISn)). Deposit thickness range shall be in accordance with IPC-4554. Frequency of sample thickness measurement for Class 1, Class 2 and Class 3 s
	3.2.7.10 Organic Solderability Preservative (OSP) OSPs are anti-tarnish and solderability protectors applied to copper to withstand storage and assembly processes in order to maintain solderability of surfaces. The coating storage, pre-assembly baking and
	3.2.7.11 Other Metals and Coatings The allowance of and the requirements for use of other depositions as a final finish per 1.3.5.3 such as bare copper, palladium and rhodium shall be AABUS.
	3.2.8 Polymer Coating (Solder Mask) When permanent solder mask coating is specified, it shall be a polymer coating conforming to IPC-SM-840.
	3.2.9 Fusing Fluids and Fluxes The composition of the fusing fluids and fluxes used in solder coating applications shall be capable of cleaning and fusing the electrodeposited tin-lead plating and bare copper to allow for a smooth adherent coating. The fu
	3.2.10 Marking Inks Marking inks shall be permanent and should conform to IPC-4781 or be as specified in the procurement documentation. Marking inks shall be applied to either the printed board or to a label applied to the printed board. Marking inks and 
	3.2.11 Hole Fill Insulation Material Material used for hole fill for flexible printed boards shall be as specified on the procurement documentation.
	3.2.12 Heatsink Planes, External Thickness and materials for construction of heatsink planes and insulation material shall be as specified in the procurement documentation.
	3.2.13 Via Protection Materials used for a via protection method shall be as specified in the procurement documentation. Via protection types are described in IPC-4761.
	3.2.14 Embedded Passive Materials Embedded passive materials are defined as materials and processes which add capacitive, resistive and/or inductive functionality within the printed board, and which may be used with conventional core materials for the man

	3.3 Visual Examination Finished flexible printed boards shall be examined in accordance with the following procedure. They shall be of uniform quality and shall conform to 3.3.1 through 3.3.12.
	3.3.1 Profile Edges shall be clean cut and without metallic burrs. Nonmetallic burrs are acceptable as long as they are not loose and/or do not affect fit and function. Panels that are scored or routed with a breakaway tab shall meet the depanelization re
	3.3.1.1 Edges, Rigid Section When edge spacing is designed in accordance with IPC-2223, nicks or crazing along the edge of the printed board, edge of cutouts and edges of non-plated holes are acceptable provided the penetration does not exceed 50% of the 
	3.3.1.2 Edges, Flexible Section (Excluding Stiffened Areas) Tears, cuts or nicks shall not be allowed within the flexible sections. When nicks and tears occur as a result of tie-in tabs to facilitate circuit removal, the extent of these imperfections shal
	3.3.1.3 Transition Zone, Rigid Area to Flexible Area The transition zone is the area centered on the edge of the rigid portion from which the flex portion extends. The inspection range is limited to 3.0 mm [0.118 in], centered on the transition, which is 
	3.3.1.4 Pouch materials In some board designs, manufacturers may need to use pouch material to protect internal layers in flex regions. Prior approval shall be obtained from the procuring activity for initial release of designs (drawings) on or after July
	3.3.2 Construction Imperfections Imperfections include those characteristics that are both internal and external within the printed board but are visible from the surface.
	3.3.2.1 Measling Measling is acceptable for Class 1, Class 2 and Class 3 end product. Measled areas in rigid areas exceeding 50% of the spacing between non-common conductors are a process indicator for Class 3 end product, indicating a variation in materi
	3.3.2.2 Crazing Crazing in rigid areas is acceptable for all classes of end product provided the imperfection does not reduce the conductor spacing below the minimum and there is no propagation of the imperfection as a result of thermal testing that repli
	3.3.2.3 Delamination/Blister Delamination and blistering is acceptable for all classes of end product provided the area affected by imperfections does not exceed 1% of the printed board area on each side and does not reduce the spacing between conductive 
	3.3.2.4 Entrapped Particles The following sections address particles entrapped on the external surface of the printed board or within the printed board.
	3.3.2.4.1 Foreign Inclusions Translucent particles shall be acceptable. Other particles trapped within the printed board shall be acceptable, provided the particle does not reduce the spacing between adjacent conductors to below the minimum spacing specif
	3.3.2.4.2 Foreign Inclusions Between Flexible Printed Board and Stiffener Opaque foreign material determined to be located between the flexible printed board and stiffener shall be acceptable provided the bulge or height of opaque foreign material is no l
	3.3.2.4.3 External Prepreg Resin Deposit Prepreg resin in Type 4 or Type 5 printed boards that comes loose from the uncured laminate sheet and bonds to the external coverlay material shall be acceptable.
	3.3.2.5 Weave Exposure There shall be no weave exposure on the printed board for Class 3. Weave exposure or exposed/ disrupted fibers are acceptable for Class 2 and Class 1 provided the imperfection does not reduce the remaining conductor spacing (excludi
	3.3.2.6 Mechanically Induced Disrupted Fibers Exposure of disrupted fibers due to mechanical damage are acceptable for all Classes provided the imperfection does not bridge conductors and does not reduce the remaining lateral conductor spacing below the m
	3.3.2.7 Scratches, Dents, and Tool Marks Scratches, dents, and tool marks are acceptable provided they do not expose conductors or disrupt fibers greater than allowed in 3.3.2.4 and 3.3.2.5 and do not reduce the dielectric spacing below the minimum specif
	3.3.2.8 Surface Microvoids Surface voids are acceptable provided they do not exceed 0.8 mm [0.031 in] in the longest dimension; bridge conductors; nor can the voids exceed 5% of the total flexible printed board area per side.
	3.3.2.9 Color Variations in Bond Enhancement Treatment Mottled appearance or color variation in bond enhancement treatment is acceptable. Random missing areas of treatment shall not exceed 10% of the total conductor surface area of the affected layer.
	3.3.2.10 Pink Ring There is no existing evidence that pink ring affects functionality. The presence of pink ring may be considered an indicator of process or design variation but is not a cause for rejection. The focus of concern should be the quality of 
	3.3.2.11 Deformation Anomalies Coverlay and coverfilm shall be continuous with no cracks in the film. Anomalies such as wrinkles and creases shall be evaluated for separation and shall meet the requirements of 3.6, provided such imperfections do not viola
	3.3.2.11.1 Wrinkles A ridge or ripple in the coverlay or coverfilm, having a ratio of height to width less than or equal to 1:1, that is formed during or after the material has adhered to the substrate. The presence of wrinkles may be considered an indica
	3.3.2.11.2 Coverlay and Coverfilm Creases A permanent deformation only in the coverlay or coverfilm, having a ratio of height to width greater than 1:1, that is caused by a fold produced under pressure. The presence of creases may be considered an indicat
	3.3.2.11.3 Circuit Creases A permanent deformation in the conductors that may or may not include the cover material. Visually discernable cracks in the conductor shall be cause for rejection. Other deformations shall be evaluated AABUS.
	3.3.2.11.4 Soda Strawing A long tubular-like void along the edges of conductive patterns where the coverlay or coverfilm is not bonded to the base material surface or the edge of the conductor. The presence of soda strawing may be considered an indicator 
	3.3.2.12 Cover Material Requirements
	3.3.2.12.1 Cover Material Coverage Cover material shall be continuous with no cracks. Cover material coverage manufacturing variations resulting in skips, voids, and misregistration are subject to the following restrictions:
	3.3.2.12.2 Covercoat Cure and Adhesion The cured cover material shall not exhibit tackiness or blistering in excess of that permitted in 3.3.2.12.1(f). When tested in accordance with IPC-TM-650, Method 2.4.28.1, the maximum percentage of cured cover mater
	3.3.2.12.3 Cover Material Thickness Cover material thickness is not measured, unless specified on the procurement documentation. If a thickness measurement is required, instrumental methods may be used or an assessment may be made using a microsection of 
	3.3.2.13 Solder Wicking/Plating Penetration Solder wicking or other plating penetration shall not extend into a bend or flex transition area and shall meet the conductor spacing requirements. Solder wicking or other plating penetration shall not exceed th
	3.3.2.14 Stiffener Bonding Mechanical stiffeners, which are bonded to the flexible area of the printed board with either a thermo-setting adhesive or a pressure sensitive adhesive (PSA) to provide structural support, do not require void free lamination. V
	3.3.3 Plating and Coating Voids in the Hole When visually examined in accordance with 3.3 (not in microsection), plating and coating voids shall not exceed that allowed by Table 3-5.
	3.3.4 Lifted Lands When visually examined in accordance with 3.3, there shall be no lifted lands on the deliverable (nonstressed) flexible printed board.
	3.3.5 Marking If required, each individual flexible printed board, qualification flexible printed board, and set of quality conformance test circuit strips (as opposed to each individual coupon) shall be marked. This marking is required in order to ensure
	3.3.5.1 Etched Marking Etched markings are subject to the following requirements for Class 1, Class 2 and Class 3 product:
	3.3.5.2 Ink Marking Ink markings are subject to the following requirements (and allowances) for Class 1, Class 2 and Class 3 product:
	3.3.5.3 Ink Marking Adhesion Ink marking adhesion shall be tested in accordance with IPC-TM-650 Method 2.4.1. There shall be no evidence of the marking ink being removed.
	3.3.6 Solderability Only those flexible printed boards that require soldering in a subsequent assembly operation require solderability testing. Flexible printed boards that do not require soldering do not require solderability testing and this shall be sp
	3.3.7 Plating Adhesion Flexible printed boards shall be tested in accordance with IPC-TM-650, Method 2.4.1, using a strip of pressure sensitive tape applied to the surface and removed by manual force applied perpendicular to the circuit pattern.
	3.3.8 Edge Board Contact, Junction of Gold Plate to Solder Finish Exposed copper/plating overlap between the solder finish and gold plate shall meet the requirements of Table 3-6. The exposed copper/plating or gold overlap may exhibit a discolored or gray
	3.3.9 Strain Relief (Rigid to Flex Transition) Material used for strain relief at the rigid to flex transition shall be as specified.
	3.3.10 Back-Drilled Holes There shall be no plating slivers, loose debris (conductive or non-conductive) or evidence of the external land remnant in the barrel or on the outer surface of a back-drill hole. The back-drilled hole is excluded from the edge s
	3.3.11 Printed Board Cavities Printed board cavities (see Figure 3-4 for examples) are defined as follows:
	3.3.12 Workmanship Flexible printed boards shall be processed in such a manner as to be uniform in quality and show no visual evidence of dirt, foreign matter, oil, fingerprints, tin/lead, or solder smear transfer to the dielectric surface, flux residue, 

	3.4 Dimensional Requirements Inspection of dimensional requirements shall be as defined herein unless otherwise agreed upon between user and supplier. The printed board shall meet the dimensional requirements specified in the procurement documentation. Al
	3.4.1 Hole Size, Hole Pattern Accuracy and Pattern Feature Accuracy The hole size tolerance, hole pattern accuracy and feature location accuracy shall be as specified in the procurement documentation.
	3.4.2 Annular Ring and Breakout (External) The minimum external annular ring shall meet the requirements of Table 3-8. Minimal lateral spacing specified in 3.5.2 shall be met. The measurement of the annular ring on external layers is from the inside surfa
	3.4.2.1 Solderable Annular Ring (External) Adhesive squeeze-out, solder mask misregistration, and/or coverlay on land areas are permitted; however, the minimum solderable annular ring shall meet the requirements of Table 3-10.
	3.4.2.1.1 Solderable Annular Ring (Evidence of Land Edge) Allowance Certain flexible printed boards are designed to have solderable annular ring on one side of the hole only. For example, some Type 1 and Type 5 flexible printed boards are manufactured wit
	3.4.2.2 Squeeze-Out of Adhesive of Coverlay and Ooze-Out of Covercoat Squeeze-out (j) of coverlay adhesive or ooze-out of covercoat on the foil surface, as shown in Figure 3-9, shall meet the requirements of Table 3-9. On the land area, as shown in Figure
	3.4.2.3 Stiffener Access Hole Registration of the stiffener to the flexible printed board shall not reduce external annular ring requirements below that specified in 3.4.2.
	3.4.3 Bow and Twist (Individual Rigid or Stiffener Portions Only) Unless otherwise specified in the procurement documentation, when designed in accordance with IPC-2221 and IPC-2223, the rigid or stiffener portions of the flexible printed board shall have
	3.4.4 Array Sub-Pallets Additional tooling holes, conductive patterns and areas for coupons may be added by the supplier within the non-part portion of the sub-pallet. ‘‘Keep-out’’ zones for any supplier-added features or other restrictions on the array s

	3.5 Conductor Definition All conductive areas on flexible printed boards, including conductors, lands, and planes, shall meet the visual and dimensional requirements of 3.5.1 through 3.5.4.11. The conductor pattern shall be as specified in the procurement
	3.5.1 Conductor Width and Thickness When not specified on the master drawing the minimum conductor width shall be 80% of the conductor pattern supplied in the procurement documentation. When not specified on the master drawing, the minimum conductor thick
	3.5.2 Conductor Spacing The conductor spacing shall be within the tolerance specified on the master drawing. Minimum conductor spacing may be reduced in isolated areas in accordance with Table 3-11. Minimum spacing between the conductor and the edge of th
	3.5.3 Conductor Imperfections The conductive pattern shall contain no cracks, splits, or tears. The physical geometry of a conductor is defined by its width x thickness x length. Any combination of defects specified in 3.5.3.1 and 3.5.3.2 shall not reduce
	3.5.3.1 Conductor Width Reduction Allowable reduction of the minimum conductor width (specified or derived) due to misregistration or isolated defects (i.e., edge roughness, nicks, pinholes, and scratches), which expose base material, shall not exceed 20%
	3.5.3.2 Conductor Thickness Reduction Isolated thickness reductions due to nicks, pinholes, depressions and scratches that are < 20% of the minimum conductor width for Class 2 and Class 3 and < 30% of the minimum conductor width for Class 1 shall be accep
	3.5.4 Conductive Surfaces
	3.5.4.1 Nicks and Pinholes in Ground or Voltage Planes Nicks and pinholes are acceptable in ground or voltage planes for Class 2 and Class 3 if they do not exceed 1.0 mm [0.0394 in] in their longest dimension and there are no more than four per side per 6
	3.5.4.2 Solderable Surface Mount Lands Defects along the edge of the land or internal to the land shall not exceed the requirements in 3.5.4.2.1 through 3.5.4.2.2.
	3.5.4.2.1 Rectangular Surface Mount Lands Defects including but not limited to nicks, dents, nodules and pin holes along the external edge of the land shall not exceed 20% of either the length or width of the land for Class 2 or Class 3 printed boards, or
	3.5.4.2.2 Round Surface Mount Lands (BGA Pads) Defects including but not limited to nicks, dents, nodules and pin holes along the edge of the land shall not radially extend towards the center of the land by more than 10% of the diameter of the land for Cl
	3.5.4.3 Wire Bond Pads (WBP) The wire bond pad shall have a final conductor finish as specified in 1.3.5.3 for ultrasonic (GWB-1) and thermosonic (GWB-2) wire bonding of gold electroplate, ENIG, ENEPIG or as specified in the procurement documentation. The
	3.5.4.4 Board Edge Connector Lands On gold or other noble metal-plated edge flexible printed board connector lands, except as noted below, the insertion or contact area shall be free of the following:
	3.5.4.5 Dewetting For solder plated and reflowed, or solder coated (Pb and Pb-free) surfaces on conductors, lands, ground or voltage planes, dewetting is allowed to the extent listed below:
	3.5.4.6 Nonwetting For tin, tin/lead reflowed or solder coated surfaces, nonwetting is not permitted on any conductive surface where a solder connection will be required.
	3.5.4.7 Final Finish Coverage Final finish shall meet the solderability requirements of J-STD-003.
	3.5.4.7.1 Exposed Basis Metal(s) (Areas not to be soldered) Exposed basis metal(s) on areas not to be soldered is permitted on 1% of the conductive surfaces for Class 3 and 5% of the surfaces for Class 1 and Class 2. Coverage does not apply to vertical co
	3.5.4.7.2 Tin-Lead under Solder Mask (Areas not to be soldered) Solder mask overlap or encroachment onto tin lead or solder on areas not to be soldered is acceptable provided the overlap does not exceed 0.3 mm [0.0118 in].
	3.5.4.8 Cap Plating of Filled Holes When cap plating of the filled hole is specified on the procurement documentation, plating voids exposing the resin fill are not allowed, unless covered by solder mask. Visually discernible depressions (dimples) and pro
	3.5.4.9 Copper Filled Microvias Visually discernable depressions (dimples) and protrusions (bumps) over copper filled microvias are acceptable, provided the structural integrity requirements of 3.6.2.11.3 and Table 3-19 are met. Depressions and protrusion
	3.5.4.10 Conductor Edge Outgrowth There shall be no evidence of outgrowth on edges of conductors that have been solder coated or tin-lead plated and fused when tested in accordance with IPC-TM-650, Method 2.4.1 (see IPC-2221).
	3.5.4.11 Nonfunctional Lands A fabricator shall not remove nonfunctional lands without specific approval of the design activity or unless allowed on the master drawing.

	3.6 Structural Integrity Flexible printed boards shall meet structural integrity requirements for thermally stressed evaluation coupons specified in 3.6.2. A PTH structural integrity evaluation of a manufacturing panel requires the inspection of one A and
	3.6.1 Thermal Stress Testing Test coupons or printed boards shall be thermally stressed.
	3.6.1.1 Thermal Stress Testing, Method 2.6.8 (Test Condition A) Test coupons or printed boards shall be thermally stressed in accordance with IPC-TM-650, Method 2.6.8, Test condition A.
	3.6.1.2 Thermal Stress Testing, Method 2.6.8 (Test Condition B) Test coupons or printed boards shall be thermally stressed in accordance with IPC TM-650, Method 2.6.8, Test condition B.
	3.6.1.2.1 Thermal Stress Testing, Method 2.6.8 (Microvias) For printed boards utilizing microvias, the microvias in the test coupon(s) or printed board shall be in contact with the solder when floated. If microvias exist on both sides of the printed board
	3.6.1.3 Thermal Stress Testing, Method 2.6.27 (230 °C) Test coupons or printed boards shall be thermally stressed in accordance with IPC-TM-650, Method 2.6.27, 230° C reflow profile.
	3.6.1.4 Thermal Stress Testing, Method 2.6.27 (260 °C) Test coupons or printed boards shall be thermally stressed in accordance with IPC-TM-650, Method 2.6.27, 260° C reflow profile.
	3.6.1.5 Deviations to Thermal Stress Testing Deviations to these requirements shall be AABUS.
	3.6.1.6 Microsection Requirements Following stress, test coupons or printed boards shall be microsectioned. Microsectioning shall be accomplished per IPC-TM-650, Method 2.1.1, on test coupons or printed boards. See IPC-9241 for additional guidance on micr
	3.6.2 Requirements for Microsectioned Coupons or Production Boards When examined in microsection, the coupons shall meet the requirements of Table 3-12 and 3.6.2.1 through 3.6.2.20.
	3.6.2.1 Plating Integrity Plating integrity in the plated holes shall meet the requirements detailed in Table 3-12. For Class 2 and Class 3 product, there shall be no separation of plating layers (except as noted in Table 3-12), no plating cracks, and int
	3.6.2.2 Copper Plating Voids Any copper plating thickness less than that specified for minimum thin areas in Table 3-14 through Table 3-17 shall be considered a void. Allowances for plating voids are established in Table 3-12 for all Classes of end produc
	3.6.2.3 Flexible Laminate Integrity For Class 1, Class 2, and Class 3 flexible printed boards, there shall be no adhesive voids outside of any thermal zone (see Figure 3-22) in excess of 0.50 mm [0.0197 in]. Boundary line voids that overlap into a thermal
	3.6.2.4 Rigid Laminate Integrity Laminate cracks or voids in a thermal zone (Figure 3-22) are acceptable with the exception that cracks or voids between two uncommon conductors in either the horizontal or vertical direction shall not decrease the minimum 
	3.6.2.5 Delamination or Blistering For Class 2 and Class 3 there shall be no evidence of delamination or blistering. For Class 1, if delamination or blistering is present, evaluate the entire printed board per 3.3.2.3.
	3.6.2.6 Etchback (Type 3 and Type 4 Only) When specified on the procurement documentation, flexible printed boards shall be etched back for the lateral removal of adhesive, resin and/or glass fibers from the drilled hole wall prior to plating. The etchbac
	3.6.2.6.1 Evidence of Etchback (When Specified) When only evidence of etchback (i.e., visual evidence of lateral removal of resin and/or glass fibers) is specified by procurement documentation, no more than two layers per hole shall show zero etchback. Al
	3.6.2.6.2 Etchback of Fluoropolymer Dielectrics When in contact with a fluoropolymer layer, etchback shall be between a negative etchback of 25 µm [984 µin] and a positive etchback of 50 µm [1,970 µin].
	3.6.2.6.3 Copper Penetration Copper penetration between metal layers resulting from the combination of etchback, wicking and/or drill anomalies (e.g., gouging, tear-out) as shown in Figure 3-24 is allowed provided it does not exceed 0.13 mm (0.00512 in) f
	3.6.2.7 Smear Removal
	3.6.2.7.1 Smear removal on Non-Fluoropolymer Laminates (Type 3 and Type 4 Only) Smear removal is removal of resin debris that results from the formation of the hole as shown in Figure 3-25. Smear removal shall be sufficient to meet the acceptability crite
	3.6.2.7.2 Resin Smear on Fluoropolymer Laminates The maximum allowable resin smear shall be 25% of the vertical inner layer actual measured thickness for Type 3 and Type 4 printed boards. There is no requirement for Type 1 and Type 2 printed boards. Resin
	3.6.2.8 Negative Etchback Negative etchback shall not exceed the dimensions in Table 3-13 when measured as shown in Figure 3-27.
	3.6.2.9 Annular Ring and Breakout in a Microsection Evaluation
	3.6.2.9.1 Annular Ring and Breakout (External) When viewing filled blind and buried vias in a microsection evaluation, external annular ring shall be measured by microsection to verify conformance to Table 3-8. The measurement of the annular ring on exter
	3.6.2.9.2 Annular Ring and Breakout (Internal) Internal annular ring, if not determined by alternate techniques that are AABUS, shall be measured by microsection to verify conformance to Table 3-8 as shown in Figure 3-30. Measurements for internal annular
	3.6.2.9.2.1 Breakout (Internal) Conditions If misregistration to the point of breakout is detected in vertical micro-sections, the concerns are that:
	3.6.2.9.2.2 Microvia to Target Land Breakout in Class 1 or Class 2 product shall comply to the microvia contact dimension as described in 3.6.2.12. Breakout, if it occurs, shall neither reduce minimum spacing below that specified in 3.5.2, the minimum die
	3.6.2.10 Lifted Lands Lifted lands, with the exception of blind microvias, are allowed on the thermally stressed microsection.
	3.6.2.11 Hole Copper Plating Based on microsection examination or on the use of suitable electronic measuring equipment, plating thicknesses shall meet the requirements of Table 3-14 through Table 3-17, shall be continuous and shall extend or wrap from ho
	3.6.2.11.1 Copper Wrap Plating In the presence of external annular ring, copper wrap plating shall meet the thickness requirements of Table 3-14 through Table 3-17 and shall be continuous from the plated hole onto the external surface of any plated struct
	3.6.2.11.2 Copper Cap Plating of Filled Holes When copper cap plating of filled holes (resin, conductive or non-conductive material) is specified by the procurement documentation (see also Figure 3-39), the requirements in Table 3-18 and the following sha
	3.6.2.11.3 Plated Copper Filled Vias (Through, Blind, Buried and Microvia) When copper filled vias are specified in the procurement documentation, vias shall be completely filled with copper. Voids shall be acceptable provided they are completely encapsul
	3.6.2.12 Microvia Target Land Contact Dimension The microvia target land contact dimension shall be a minimum of 50% of the microvia dimension at the capture land as defined in Figure 3-49 and Table 3-20 for laser drilled microvias. The contact dimension 
	3.6.2.13 Microvia Target Land Piercing When microvia piercing of the target land occurs as shown in Figure 3-51 (unintended piercing) and Figure 3-52 (intentional piercing), dielectric thickness below the target land shall not reduce the dielectric spacin
	3.6.2.14 Minimum Internal Layer Copper Foil Thickness If the internal conductor thickness is specified by a foil weight, the minimum internal copper thickness after processing shall be in accordance with Table 3-22 for all classes. When the procurement do
	3.6.2.14.1 Plated Internal Layers When internal layers are plated the minimum total (copper foil plus copper plating) shall be in accordance with Table 3-22. The copper foil as specified by the procurement documentation shall be used prior to plate. The i
	3.6.2.15 Minimum Surface Conductor Thickness after Plating The minimum total (copper foil plus copper plating) conductor thickness of the finished printed board shall be in accordance with Table 3-23 and the following. For foils not listed here, final req
	3.6.2.16 Metal Cores All metal core printed boards, which have clearance between the PTHs and the metal core, shall require a horizontal microsection prepared to view the metal core/hole fill insulation. Specimens shall have been subjected to thermal stre
	3.6.2.17 Dielectric Spacing The minimum dielectric spacing shall be as specified on the procurement documentation. Figure 3-55 provides an example of a measurement technique for minimum dielectric spacing.
	3.6.2.17.1 Default Dielectric Spacing If the dielectric spacing requirements and/or the number of reinforcing layers are not specified, the following requirements apply:
	3.6.2.18 Material Fill of Through, Blind, Buried and Microvia Structures Material fill (other than copper plating) in through, blind, buried and microvia structures are subject to the following requirements:
	3.6.2.19 Back-Drilled Holes (Microsection Evaluation) All back-drill structures with z-axis dimensional requirements in the procurement documentation shall be evaluated for depth and registration. Back-drilling of plated holes are subject to the following
	3.6.2.20 Nail Heading No evidence exists that nail heading affects functionality. The presence of nail heading may be considered an indicator of process or design variation but is not a cause for rejection.

	3.7 Solder Mask Requirements When solder mask is required on printed boards, it shall meet the qualification/conformance requirements of IPC-SM-840. If a solder mask performance class is not specified for Class 1 or Class 2, IPC-SM-840 Class T shall be us
	3.7.1 Solder Mask Coverage Solder mask coverage manufacturing variations resulting in skips, voids, and misregistration are subject to the following restrictions:
	3.7.2 Solder Mask Cure and Adhesion Visual assessment of the cured solder mask coating shall not exhibit tackiness, delamination, or blistering to the following extent:
	3.7.3 Solder Mask Thickness Any requirement for the measurement of solder mask thickness shall be AABUS. If a thickness measurement is required, instrumental methods may be used or assessment may be made using a microsection of the parallel conductors on 

	3.8 Electrical Requirements When tested as specified in Table 4-2 or Table 4-3, the flexible printed board shall meet the electrical requirements detailed in 3.10.18.
	3.9 Cleanliness Type 4 and Type 5 flexible printed boards requiring permanent solder mask coating shall be tested and evaluated in accordance with 3.10.9.
	3.9.1 Cleanliness Prior to Solder Mask Application When a printed board requires a permanent solder mask coating, the uncoated boards shall be within the allowable limits of ionic and other contaminants prior to the application of solder mask coating. Whe
	3.9.2 Cleanliness After Solder Mask, Solder, or Alternative Surface Coating Application When specified, printed boards shall be tested per 3.9 and meet the requirements in the procurement documentation.
	3.9.3 Cleanliness of Inner Layers After Oxide Treatment Prior to Lamination When specified, inner layers shall be tested per 3.9 and meet the requirements of the procurement documentation.

	3.10 Special Requirements When specified on the procurement documentation, or as required by Table 4-3, some or all of the special requirements listed in this section (3.10) shall apply. A notation in the procurement documentation will designate which are
	3.10.1 Outgassing When specified, flexible printed boards shall be tested in accordance with the procedure outlined below. The degree of outgassing shall not result in a Total Mass Loss (TML) of more than 1.0% and Collectible Volatile Condensable Material
	3.10.2 Fungus Resistance Completed printed boards or representative wiring sections from the lot shall not support fungus growth when tested in accordance with IPC-TM-650, Method 2.6.1.
	3.10.3 Vibration The test coupon or production printed board shall pass the circuitry test in 3.10.18.2 following the vibration test procedure below and shall not exhibit bow or twist in excess of that allowed in 3.4.3 following testing.
	3.10.4 Mechanical Shock The test printed boards shall pass the circuitry test in 3.10.18.2 after being subjected to mechanical shock testing as follows.
	3.10.5 Impedance Testing Requirements for impedance shall be specified on the procurement documentation. Impedance testing may be performed on a test coupon or a designated circuit in the production printed board. Time domain reflectometers (TDR) are used
	3.10.6 Coefficient of Thermal Expansion (CTE) When printed boards have metal cores or reinforcements with a requirement to constrain the thermal expansion in the planar directions, the CTE shall be within ± 2 ppm/°C for the CTE and temperature range speci
	3.10.7 Thermal Shock When specified on the procurement documentation, flexible printed boards or test coupons shall be tested in accordance with the procedure outlined below.
	3.10.8 Surface Insulation Resistance (As Received) Test coupons shall be tested in accordance with the procedure outlined below. The insulation resistance shall be no less than that shown in Table 3-26.
	3.10.9 Ionic (Resistivity of Solvent Extract) When specified, printed boards or test coupons shall be tested for ionic contamination in accordance with IPC-TM-650, Method 2.3.25, paragraph 4 Resistance of Solvent Extract Method. When flexible printed boar
	3.10.10 Rework Simulation
	3.10.10.1 Through Hole Components When specified, printed boards or test coupons shall be tested in accordance with IPC-TM-650, Method 2.4.36 and then microsectioned and examined in accordance with 3.6. Lifted lands are allowed.
	3.10.10.2 Surface Mount Components When specified, 100% surface mount printed boards shall be tested in accordance with the procurement documentation.
	3.10.11 Bending Test The bending test shall conform to Figure 3-58, unless otherwise agreed to by the user. The bending test requirements shall be as specified on the appropriate document/drawing. See IPC-2223 for guidance on minimum bend radii. The follo
	3.10.12 Flexible Endurance Flexible endurance testing shall be carried out using IPC-TM-650, Method 2.4.3. Flexible endurance testing can also be accomplished with special test equipment specific to the circuit application. The outline length of the coupo
	3.10.13 Bond Strength (Unsupported Lands) When flexible printed boards are tested in accordance with IPC-TM-650, Method 2.4.21, the unsupported land shall withstand 1.86 kg pull or 35 kg/cm2 [498 PSI], whichever is less, after subjection to five cycles of
	3.10.14 Bond Strength (Stiffener) Using a sharp instrument (e.g., scalpel or razor blade), cut a pattern approximately 13 mm [0.512 in] wide by 76 mm [2.99 in] long through the flexible printed board to the stiffener so that approximately halfway through 
	3.10.15 Destructive Physical Analysis Lot acceptance shall require the destructive physical analysis (DPA) of a representative printed board per lot. The DPA printed board shall be selected from a single common inspection lot from a panel that has previou
	3.10.16 Design Data Protection For clarification and standardization of trust requirements within the design process, a formal protocol has been developed by a collaboration between IPC and USA Department of Defense (DoD). When specified, the printed boar
	3.10.17 Performance Based Testing for Microvia Structures – Structural Integrity During Thermal Stress When specified, conformance testing shall include IPC-TM-650, Method 2.6.27. When printed boards contain microvias, a minimum of one IPC-2221, Appendix 
	3.10.18 Electrical Testing
	3.10.18.1 Dielectric Withstanding Voltage Applicable coupons tested as outlined below shall meet the requirements of Table 3-25, without flashover, sparkover, or breakdown between conductors or conductors and lands. The dielectric withstanding voltage tes
	3.10.18.2 Electrical Continuity and Isolation Resistance Flexible printed boards shall be tested in accordance with IPC-9252. Electrical continuity and isolation resistance testing of blind and buried structures is not required for in process checks.
	3.10.18.3 Circuit/PTH Shorts to Metal Substrates Printed boards shall be tested in accordance with 3.10.18.1 except that polarizing voltage of 500 volts (DC) shall be applied between conductors and/or lands and the metallic heatsink in a manner such that 
	3.10.18.4 Moisture and Insulation Resistance (MIR) Test coupons shall be tested in accordance with the procedure outlined below. The test coupon shall not exhibit subsurface imperfections in excess of that allowed in 3.3.2. Insulation resistance shall mee
	3.10.18.4.1 Dielectric Withstanding Voltage After MIR A dielectric withstanding voltage test shall be performed after moisture and insulation resistance in accordance with 3.10.18.1.

	3.11 Repair Repair of bare flexible printed boards shall be AABUS for each set of procurement documentation (see IPC-7711/21).
	3.11.1 Circuit Repair Allowance of circuit repairs on Class 1, Class 2, and Class 3 flexible printed boards shall be AABUS. As a guideline, there should be no more than two circuit repairs for each 0.09 m2 [0.969 ft2] or less of layer area per side. Circu

	3.12 Rework Rework is permitted for all classes. The touch-up of surface imperfections in the base material or removal of residual plating materials or extraneous copper will be permitted for all products when such action does not affect the functional in

	4.0 QUALITY ASSURANCE PROVISIONS
	4.1 General General Quality Assurance Provisions are specified in IPC-6011 and each sectional specification. The requirements specific to flexible printed boards are contained in this specification and include the Qualification Testing, Acceptance Testing
	4.1.1 Qualification Qualification is AABUS (see IPC-6011). The qualification should consist of capability analysis assessments, pre-production samples, production sample, or test coupons (see IPC-6011) that are produced by the same equipment and procedure
	4.1.2 Sample Test Coupons If test coupons are used in lieu of actual production lots, the following information is provided based on previous use of standardized test coupons. Sample test coupons may be used for qualification or for ongoing process contro

	4.2 Acceptance Testing and Frequency Use the C=0 Zero Acceptance Number Sampling Plan specified in IPC-6011 when ‘‘Sample’’ is indicated in Table 4-2. Acceptance testing shall be performed as specified in Table 4-2 to the requirements of this specificatio
	4.2.1 C=0 Zero Acceptance Number Sampling Plan The C=0 Zero Acceptance Number Sampling Plan provided in IPC-6011 is derived from principles established within ASQ Z1.4. The C=0 Zero Acceptance Number Sampling Plan provides greater or equal protection for 
	4.2.2 Referee Tests Two additional microsection sets from the same panel may be prepared and evaluated for microsection nonconformances that are considered to be isolated or random in nature or caused by microsection preparation. For acceptance, both refe

	4.3 Periodic Quality Conformance Testing Periodic Quality Conformance Testing shall be performed and consist of inspections specified in Table 4-3. Class 3 testing results may be extended to reliability test and evaluation for Class 2. Inspection failures
	4.3.1 Coupon Selection Two sets of test coupons of the most complex pattern of each type of material processed during the inspection period shall be selected from lots that have passed acceptance testing.


	5.0 NOTES
	5.1 Ordering Data The procurement documentation should specify the following:
	5.2 Superseded Specifications This specification supersedes and replaces IPC-6013E in the performance and requirements section.
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