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	Benefits of Membership
	1 SCOPE
	1.2 Classification IPC standards recognize that electrical and electronic assemblies are subject to classiﬁcations by intended end-item use. Three general end-product classes have been established to reﬂect differences in manufacturability, complexity, fu
	1.3 Measurement Units All dimensions and tolerances in this speciﬁcation are expressed in hard SI (metric) units. Users of this speciﬁcation are expected to use metric dimensions. All dimensions ≥ 1 mm will be expressed in millimeters. All dimensions < 1 
	1.4 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. 
	1.5 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
	1.6 Order of Precedence The contract shall take precedence over this standard, referenced standards and drawings.
	1.6.1 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.
	1.6.2 Clause References When a clause in this document is referenced its subordinate clauses apply, unless the requirement references speciﬁc subordinate clauses. 
	1.6.3 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. 
	1.7 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. 
	1.8 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. 
	1.9 Terms and Definitions Other than those terms listed below, the deﬁnitions of terms used in this standard are in accordance with IPC-T-50 and IPC-T-51. 
	1.9.1 Via A conductive interlayer connection that is not intended for inserting a component lead or metallic part. 
	1.9.2 Foreign Object Debris (FOD) A generic term for a substance, debris, particulate matter or article alien to the assembly or system. 
	1.10 Printed Electronics Types Any printed electronics design will be incumbent on requirements from the customer, materials to be used and the printing processes. The following printed electronics types represent the known variations of printed electroni
	1.11 Standard Printed Electronic Design Standard print electronics design (SPED) types shall be in accordance IPC-2294. See Figure 1-1 for an example of a construction utilizing all three SPEDs. 
	1.12 Selection for Procurement For procurement purposes, performance class and installation and assembly usage shall be speciﬁed in the procurement documentation.
	1.12.1 Production Master and Database The printed electronic supplier or user may produce the production master by several different methods. The printed electronic user is responsible for the accuracy of the information in the data base from which the pr
	1.12.2 Deviations and Waivers Deviations and waivers shall be submitted to the user. Approval of the waiver shall be obtained prior to delivery of the product. Permanent deviations or waivers shall be incorporated in the master drawing and shall state whe
	1.12.3 Selection (Default) The procurement documentation shall specify those requirements that are a result of the selection process within this speciﬁcation. This includes all references per procurement documentation. If the requirement selection is not 
	2 APPLICABLE DOCUMENTS
	2.2 American Society for Quality
	2.2 ASTM International
	2.3 JEDEC
	3 REQUIREMENTS
	3.1 General Rigid printed electronics furnished under this speciﬁcation shall meet or exceed all the requirements of the speciﬁc class of this speciﬁcation as required by the procurement documentation. Rigid printed electronics furnished under this speciﬁ
	3.2 Materials All materials used in the construction of the ﬂexible printed electronic device shall comply with procurement documentation or applicable speciﬁcations. The user has the responsibility to specify on the procurement documentation materials ca
	3.2.1 Rigid Base Materials Rigid base materials shall conform to the procurement documentation. If the materials are not speciﬁed on the procurement document, they should be selected using IPC-4101, IPC-4562, IPC-4921 or another speciﬁcation. 
	3.2.2 External Bonding Materials External bonding materials shall conform to the procurement documentation. If the materials are not speciﬁed on the procurement documentation, they should be selected using IPC-4101 or another speciﬁcation. 
	3.2.3 Printed Dielectric Materials Printed dielectric materials shall conform to the procurement documentation. If the materials are not speciﬁed on the procurement documentation, they should be selected using properties derived from testing in accordance
	3.2.4 Printed Conductive Materials Printed conductive materials shall conform to the procurement documentation. If the materials are not speciﬁed on the procurement documentation, they should be selected using properties derived from testing in accordance
	3.2.5 Printed Passive Materials Printed passive materials shall be as speciﬁed in the procurement documentation. 
	3.2.6 Marking Inks Marking inks shall be permanent, as speciﬁed in the procurement documentation. Marking inks shall be applied to either the printed electronic or to a label applied to the printed electronic. Marking inks and labels shall be capable of w
	3.2.7 Final Finishes, Coatings and Platings (Metallic and Nonmetallic) If required, these materials shall be speciﬁed in the procurement documentation. 
	3.3 Visual Examination Visual examination shall take place following process completion of each printed layer (including curing or sintering) and before any post-processes that would inhibit inspection. 
	3.3.1 Visual Imperfections
	3.3.1.1 Printed Conductor Pattern The conductor pattern shall be as speciﬁed in the procurement documentation. Veriﬁcation of dimensional attributes shall be performed in accordance with the following.
	3.3.1.2 Printed Conductor Spacing The printed conductor spacing shall be within the tolerance speciﬁed on the master drawing. Minimum conductor spacing in isolated areas shall be speciﬁed on the master drawing. Minimum spacing between the conductor and th
	3.3.1.3 Printed Conductor Surface Mount Lands Defects including but not limited to nicks, dents and pin holes along the external edge of the land shall not exceed 20 % of either the length, width or circumference of the land for Class 2 or Class 3 printed
	3.3.1.4 Separation Between Printed Elements and Printed Elements and Substrate There shall be no visual unintentional separation between printed elements and between printed elements and the substrate. 
	3.3.1.5 Foreign Object Debris (FOD) FOD (either conductive or nonconductive) shall not bridge conductive surfaces or violate minimum electrical clearance between components, lands or conductive surfaces. Additionally, FOD shall not prevent the rigid print
	3.3.1.6 Surface Defects Surface defects (e.g., scratches, dents, tool marks, creases, surface cracks) shall be acceptable, provided they will not affect printability of subsequent layers, affect performance of the ﬁnished printed electronic or violate any
	3.3.1.7 Discoloration Process-related discoloration (e.g., thermal) of printed layers shall be acceptable. 
	3.3.1.8 Mechanical Damage to Substrate The trimmed edges of the substrate shall be free of burrs, nicks or delamination in excess of that allowed in the procurement documentation. Tears shall not be allowed. 
	3.3.2 Registration
	3.3.2.1 Horizontal Registration Between Printed Features Registration shall not violate minimum electrical spacing or shall conform with 3.3.2.2, unless otherwise speciﬁed. 
	3.3.2.2 Minimum Overlap of Conductors When two or more conductive traces interconnect, minimum width overlap of conductors (see Figure 3-3) shall be ≥ 80 % of the smallest width conductor in the overlap construction. 
	3.3.2.3 Overlap of Conductors for Electromigration Prevention When speciﬁed, a printed nonmetallic or migration-resistant metal over the conductor shall provide the conductor > 100 % coverage without bridging between adjacent conductors. 
	3.3.2.4 Trimmed-Edge Registration Minimum trimmed-edge-to-printed-feature spacing shall be speciﬁed in the procurement documentation. 
	3.3.3 Dielectric Wetting There shall be no dewetting. Spreading is allowed, provided it does not affect performance of the ﬁnished printed electronic device or violate electrical clearance, minimum dielectric registration or any additional visual requirem
	3.3.4 Adhesion After curing, there shall be no evidence of peeling or lifting of printed material. 
	3.3.5 Marking If required, each individual printed electronic device, qualiﬁcation printed electronic device and validation coupon shall be marked. Markings shall be legible. This marking is required to ensure traceability between the printed electronic d
	3.3.6 Defects in Printed Materials
	3.3.6.1 Variations in Conductor Height and Width Variations in printed conductors shall not reduce conductor height (H) or width (W) by > 40 % in any area longer than 10 % of the length (L) between any two features (land to via, land to land or run to run
	3.3.6.2 Variations in Dielectric Height and Width Variations in printed dielectric shall not violate minimum electrical spacing and shall not affect printability of subsequent layers or violate any additional visual requirements. 
	3.3.6.3 Voids in Printed Dielectric Between Conductors Voids in printed dielectric shall not violate minimum conductor spacing and shall not propagate as a result of thermal or mechanical testing. For Class 2 and Class 3, the void shall not span > 25 % of
	3.3.6.4 Voids in Printed Conductive Planes Voids are acceptable in ground or voltage planes for Class 2 and Class 3 if they do not exceed 1 mm in their longest dimension and there are no more than four per side per 625 cm2. For Class 1, the longest dimens
	3.3.6.4.1 Voids in Printed Electromigration-Resistant Conductive Layers There shall not be voids in printed electromigration-resistant conductive layers (e.g., carbon coatings) unless otherwise speciﬁed in the procurement documentation. 
	3.3.6.5 Filled Vias Visually discernable depressions into and protrusions out of ﬁlled vias are acceptable unless they will impact subsequent printing processes or component assembly. 
	3.3.7 Workmanship Printed electronics shall be processed in such a manner as to be uniform in quality and show no visual evidence of dirt, foreign matter, oil, ﬁngerprints, loose conductive material, lifting/peeling, printed material spread or splatter, a
	3.4 Dimensional Requirements Inspection of dimensional requirements shall be as deﬁned herein. The printed electronic shall meet the dimensional requirements speciﬁed in the procurement documentation. All dimensional characteristics such as, but not limit
	3.4.1 Pattern Feature Accuracy Pattern feature size, tolerance, location, and accuracy shall be as speciﬁed in the procurement documentation.
	3.4.2 Bow and Twist Unless otherwise specified in the procurement documentation, when designed in accordance with IPC-2221, the rigid printed electronic and pallet array for assembly purposes shall have a maximum bow and twist of 0.75% for printed electro
	3.5 Printed Materials Mechanical Requirements Minimum printed material dimensions, material edge deﬁnition and surface roughness shall meet the requirements of 3.3. 
	3.6 Nonprinted Solderable Surfaces Solderable surfaces on the substrate as received before printing (e.g., rigid printed board) shall still be solderable following all print processes according to the substrate’s speciﬁcation (e.g., IPC-6010 series). 
	3.7 Structural Integrity Only when post-printing processes (e.g., component attachment) involving thermal excursions which are higher than the original processing temperatures (e.g., curing) are to be performed, the rigid printed electronic shall be able 
	3.7.1 Requirements for Coupons or Rigid Printed Electronic Devices after Thermal Stressing When examined in microsection, the coupons shall meet the requirements of this section. 
	3.7.1.1 Separation, Cracking and Voids For Class 2 and Class 3 product, there shall be no separation between printed elements or between printed elements and substrate; Class 1 shall be as speciﬁed in the procurement documentation. There shall be no crack
	3.7.1.2 Printed Element Height Printed element thickness shall meet 3.3.6.1 and 3.3.6.2. 
	3.7.1.3 Overlap of Filled Holes Minimum overlap of ﬁlled holes shall meet the requirements of 3.3.2.2. 
	3.7.1.4 Conductive Hole Fill Conductive hole ﬁll is subject to the following requirements: 
	3.7.1.5 Dielectric Spacing Minimum dielectric spacing shall be as speciﬁed in the design and shall meet the requirements for minimum electrical spacing (see 3.3.1.2). 
	3.7.1.6 Discoloration Discoloration shall meet the requirements of 3.3.1.7. 
	3.7.1.7 Adhesion Adhesion shall meet the requirements of 3.3.4. 
	3.8.2 Electrical Continuity and Isolation Resistance Rigid printed electronic devices shall be tested for continuity and isolation resistance in accordance with IPC-9257 (see Figure 3-8). 
	3.8.3 Moisture and Insulation Resistance (MIR) Insulation resistance shall meet the minimum requirements shown in Table 3-2. Class 1 shall be tested at volts DC as speciﬁed in the procurement documentation. Class 2 and Class 3 shall be tested using voltag
	3.8.3.1 Dielectric Withstanding Voltage after MIR A dielectric withstanding voltage test shall be performed after moisture and insulation resistance in accordance with 3.8.1. 
	3.9 Special Requirements When speciﬁed on the procurement documentation, some or all of the special requirements listed in this section shall apply. A notation in the procurement documentation will designate which are required. 
	3.9.1 Outgassing When speciﬁed, rigid printed electronics shall be tested in accordance with the procedure outlined below. The degree of outgassing shall not result in a total mass loss (TML) of > 1 % and collectible volatile condensable material (CVCM) o
	3.9.2 Fungus Resistance Completed rigid printed electronics or representative samples from the lot shall not support fungus growth when tested in accordance with IPC-TM-650, Method 2.6.1. 
	3.9.3 Vibration The test coupon or production rigid printed electronic shall pass the circuitry test in 3.8.2 following testing according to ASTM F2187 or ASTM F2188 and shall not exhibit bow or twist in rigid areas in excess of that allowed in 3.4.2 or d
	3.9.4 Mechanical Shock The sample rigid printed electronic shall pass the circuitry test in 3.8.2 after being subjected to mechanical shock testing as follows.
	3.9.5 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 wiring. Time domain reﬂectometry (TDR) is used for electri
	3.9.6 Coefficient of Thermal Expansion (CTE) Coeffcient of thermal expansion (CTE) testing shall be conducted using 
IPC-TM-650, Method 2.4.41.2. 
	3.9.7 Thermal Shock Rigid printed electronics or test coupons shall be tested in accordance with the procedure outlined below.
	3.9.8 Surface Insulation Resistance (As Received) Test coupons shall be tested in accordance with a procedure and test pattern per procurement documentation. See IPC-TM-650, Method 2.6.3 for guidance. 
	3.9.9 Ultraviolet (UV) Resistance Ultraviolet (UV) resistance testing shall be conducted using ASTM D2565. 
	3.9.10 Material Removal or Replacement When speciﬁed, rigid printed electronics with removed or replaced material shall be tested in accordance with the procurement documentation to ensure the rigid printed electronic meets all original requirements. 
	3.9.11 Simulation for Component Assembly and Rework When speciﬁed, rigid printed electronic devices that will have postprocess component assembly and rework shall be tested in accordance with the procurement documentation to ensure the printed electronic 
	3.9.12 Adhesion The printed material shall be tested in accordance with ASTM D3359, Method A and shall not exhibit peeling from the substrate or printed material below it. 
	3.9.13 Destructive Physical Analysis (DPA) Lot acceptance shall require the destructive physical analysis (DPA) of a representative rigid printed electronic per lot. The DPA rigid printed electronic shall be selected from a single common inspection lot th
	3.9.14 Solderability Only those rigid printed electronics that require soldering in a subsequent assembly operation require solderability testing as speciﬁed in the procurement documentation. 
	3.9.15 Abrasion Resistance Abrasion resistance shall be tested in accordance with ASTM F3152. 
	3.9.16 Accelerated Aging Accelerated aging testing and requirements shall be as speciﬁed in the procurement documentation. See ASTM F1596 for guidance. 
	3.9.17 Silver Migration Silver migration testing and requirements shall be as speciﬁed in the procurement documentation. 
See ASTM F1996 for guidance. 
	3.9.18 Current Carrying Capacity Current carrying capacity testing and requirements shall be as speciﬁed in the procurement documentation. See ASTM F1681 for guidance. 
	3.9.19 Repair Repair of rigid printed electronics shall be per procurement documentation. Repairs on any impedance-controlled printed electronics shall not violate the impedance requirement and shall have the agreement of the user. Repairs shall not viola
	3.9.20 Rework Rework is permitted for all classes. Touch-up of surface imperfections or removal of extraneous printed materials shall be permitted when such action does not affect the functional integrity of the rigid printed electronic. 
	4 QUALITY ASSURANCE PROVISIONS
	4.1.1 Test Equipment and Inspection Facilities Test and measuring equipment and inspection facilities of sufficient accuracy, quality and quantity to permit the performance of required inspection shall be established and maintained. See IPC-QL-653 for gui
	4.3 Quality Conformance Inspection Quality conformance inspection shall be performed using test coupons, production rigid printed electronic devices or representative samples. 
	4.3.1 Inspection of Product for Delivery The quality of a product for delivery shall have been veriﬁed through quality conformance inspections as indicated in this standard. When speciﬁed in the procurement documentation, delivery of products that have pa
	4.3.2 Quality Conformance Table 4-1 shall identify the criteria to be used for determining sample size, test specimen and frequency of testing. 
	4.3.2.1 Inspection Lot An inspection lot shall consist of all printed electronics made with the same materials, using the same processing procedures and construction, produced under the same conditions within a maximum period of one month and offered for 
	4.3.2.2 Traceability Traceability shall be maintained for all inspection lots and combined lots. Quality conformance test coupon shall be traceable to the corresponding production rigid printed electronics. 
	4.3.2.3 Acceptance Acceptance of product for delivery shall be based on product that has passed the testing requirements in this standard. When sampling plans are used, any failure on any of the samples identiﬁed per the requirements of this standard shal
	4.3.2.4 Rejected Lots If an inspection lot is rejected, the supplier shall screen out the defective units (i.e., 100 % lot inspection, other documented supplier quality system). The defective units shall be dispositioned per the supplier’s quality system.
	4.4 Reliability Test and Evaluation Reliability inspection shall consist of the reliability tests and evaluations required by this standard. They shall be performed at a facility (e.g., independent test laboratory, internal laboratory) per 4.1.1. 
	4.4.1 Noncompliance If samples fail the reliability test and evaluation, the supplier shall identify the process and/or material responsible for the failure and take corrective action. After corrective action is completed, reliability inspections shall be
	4.5 Qualification Qualiﬁcation is per procurement documentation. The qualiﬁcation should consist of capability analysis assessments (see IPC-9151), preproduction samples, production sample or test coupons that are produced by the same equipment and proced
	4.5.1 Sample Test Coupons If test coupons are used in lieu of actual production lots (see 3.4), see 1.12.2 for guidelines on producing coupons. Sample test coupons may be used for qualiﬁcation or for ongoing process control. 
	4.6 Acceptance Testing and Frequency Acceptance testing and frequency shall be performed as speciﬁed in Table 4-1 to the requirements of this speciﬁcation using either quality conformance coupons and/or production rigid printed electronics. The acceptance
	4.6.1 C=0 Zero Acceptance Number Sampling Plan The C=0 Zero Acceptance Number Sampling Plan provided in Table 4-2 is derived from principles established within ASQ Z1.4. The C=0 Zero Acceptance Number Sampling Plan provides greater or equal protection for
	4.6.2 Additional Test Coupons for Suspected Isolated Defects Additional test coupons may be added to a production lot 
(see 3.4). Two of these additional coupons may be used for evaluation for microsection defects found during original coupon testing whic
	5 NOTES
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