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Design Standard for Printed Electronics on Rigid Substrates

1 SCOPE

This standard establishes specific requirements for the design of printed electronic applications and their forms of component 
mounting and interconnecting structures on rigid substrates. Rigid substrates as applies to this standard are those that are not 
required to be flexed into a new shape for the purposes of assembly or operation. The rigid substrate can be conductive  
(e.g., rigid printed board or assembly), semiconductive or nonconductive.

1.1 Purpose The requirements contained herein are intended to establish design principles and recommendations that shall 
be used in conjunction with the detailed requirements of a specific printed electronic application to produce detailed designs 
for the printed electronic. This standard is not intended for use as a performance specification nor as an acceptance document.

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, 
functional performance requirements, and verification (inspection/test) frequency. It should be recognized that there may be 
overlaps of equipment between classes.

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.

1.3 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.

1.4 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. 

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.

1.5 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 or other user-approved system may be used as guidelines for implementing process control.

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 11.2).

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 shall be grounds for disapproval of the process and associated 
documentation.

1.6 Order of Precedence The contract shall take precedence over this standard, referenced standards and drawings.

In the event of conflict, the following order of precedence applies:

1) Procurement as agreed and documented between user and supplier.

2) Master drawing, design brief or tech pack reflecting the user’s detailed requirements.

3) When invoked by the customer or per contractual agreement, this standard.
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	4.3 Materials Deposition Methods Printable electronics materials or functional inks may be deposited in a variety of methods. Materials are formulated for the dispensing method used. When selecting an ink, the designer needs to consider the deposition met
	4.4 Contact Resistance Electrical contact resistance refers to a current’s measure of opposition when flowing from one conductive surface connected to another. This opposition, or resistance at the contacting interface, is responsible for contributing add
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	4.11 Operations Following Plating The designer should use caution in selecting printed electronics materials if the printed electronic will be subject to operations following plating. Not all printed electronics materials or base substrates can survive th
	4.12 Coatings
	4.13.3 Covercoat Covercoat is a liquid or semiliquid coating that can be applied by a variety of methods including screening, spraying, dispensing or dipping / curtain coating, and it subsequently becomes a permanent dielectric coating. 
	4.14 Other Printed Materials The designer needs to consider any additional special considerations which may be required for printed materials with unique characteristics or functionality. 
	4.15 Marking and Legend If marking is needed on the printed electronic, it shall meet IPC-6904 and be defined on the procurement documentation or master drawing.
	5 MECHANICAL AND PHYSICAL PROPERTIES
	5.1 Fabrication Requirements The designer should consult the manufacturer on the panel sizes available and useable area on the panel. The designer should also consider the following:
	5.2 Product/Rigid Printed Electronic Configuration Printed electronic configuration shall be in accordance with IPC-2221 and as follows:
	5.2.1 Arrays This section provides considerations to be taken into account during the design of a rigid printed electronic array.
	5.2.1.1 Borders and Spacing Borders and margins are commonly used by the manufacturer to provide room for tooling and other process control features (see Figure 5-2). 
	5.2.1.2 Printed Board Size Length-to-Width Ratio Printed electronic length-to-width relationships should be kept as similar as possible. Long narrow printed electronic or unusually shaped printed electronics often lead to increased bowing/twisting.
	5.2.2 Mechanical Support Careful consideration should be given in order to provide adequate mechanical support. The location and method of support shall be such as to minimize shock and/or vibration and associated problems at all stages of fabrication, as
	5.2.3 Hole-to-Edge Distance The minimum distance between exterior edges and the edge of interior holes and cutouts should be designed so the final residual material is not damaged. Feature location, size tolerance and outline tooling tolerances should be 
	5.3 Dimensioning Systems Dimensioning systems, including grid systems, shall be in accordance with IPC-2221.
	5.4 Printed Electronic Thickness Tolerance Determining the finished overall thickness of the printed electronic should consider the following:
	5.5 Bow and Twist Unless otherwise specified in the procurement documentation, the printed electronic shall have a maximum bow and twist of 0.75% for printed boards that use surface mount components and 1.5% for all other printed electronic assemblies. Fi
	6.1.2 Power Distribution Considerations A predominately important factor the designer should consider is the power distribution system. A grounding scheme can be used as a part of the distribution system. It provides not only a DC power return, but also a
	6.1.3 Circuit Type Considerations The following guidelines should be considered when designing printed electronics:
	6.1.3.1 Digital Circuits IC devices use a variety of logic families. Each family has its own parameters regarding the speed of the digital transmission, as well as the temperature rise characteristics necessary to provide the performance. In general, a si
	6.1.3.2 Analog Circuits Analog circuits are usually made from ICs and discrete devices. Standard discrete components (e.g., resistors, capacitors, diodes, transistors), power transformers, relays, coils and chokes are usually the types of discrete devices
	6.2 Conductive Material Requirements The minimum width and thickness of conductors on the finished printed electronic shall be defined on the master drawing. The minimum width and thickness should be determined primarily based on the current-carrying capa
	6.3 Electrical Clearance Minimum spacing between conductors, conductive patterns and conductive materials (e.g., conductive markings, mounting hardware) shall be defined on the master drawing. The maximum voltage between adjacent conductors shall be consi
	6.4 Impedance Controls Impedance requirements, including nominal impedance and tolerances values, shall be specified on the master drawing. The control of printed electronic conductor impedance will pose challenges to the designer. The designer should con
	6.5 Printed Components The printed component type shall be specified on the master drawing with specific parameters as described in 6.5.1 through 6.5.5. Required parameters are indicated by (R) and optional parameters are indicated by (O).
	6.5.1 Printed Resistors The following parameters shall be defined on the master drawing for each resistor as necessary:
	6.5.2 Printed Capacitors The following parameters shall be defined on the master drawing:
	6.5.3 Printed Inductors The following parameters shall be defined on the master drawing:
	6.5.4 Printed Active Components The specific type and geometry of active components (including materials and layer structure) shall be defined on the master drawing. Performance characteristics of a printed active device are challenging and need to be emp
	6.5.5 Printed Sensors The specific printed sensor (temperature, strain, displacement, flex, etc.) shall be defined on the master drawing along with its materials, geometry and performance requirements.
	7 THERMAL MANAGEMENT
	7.1 Cooling Mechanisms The dissipation of the heat generated by the printed electronic results from the interaction of the three basic modes of heat transfer: conduction, radiation and convection. These heat-transfer modes can, and often do, act simultane
	7.1.1 Conduction The first mode of heat transfer to be encountered is conduction. Conduction takes place to a varying degree through all materials. The conduction of heat through a material is directly proportional to the thermal conductivity constant (K)
	7.1.2 Radiation Thermal radiation is the transfer of heat by electromagnetic radiation, primarily in infrared (IR) wavelengths. It is the only means of heat transfer between bodies that are separated by a vacuum, as in space environments.
	7.1.3 Convection The convection heat-transfer mode is the most complex. It involves the transfer of heat by the mixing of fluids, usually air.
	7.1.4 Altitude Effects Convection and radiation are the principal means by which heat is transferred to ambient air. At sea level, approximately 70% of the heat dissipated from electronic equipment might be through convection and 30% by radiation. As air 
	7.2 Heat Dissipation Considerations To remove heat from a printed electronic layer or from a high-thermal-radiating component, the designer should consider the use of:
	8 COMPONENT AND ASSEMBLY ISSUES
	8.1 Lands for Surface-Mount Components 
	8.2 General Placement Requirements
	8.2.1 Automatic Assembly When automatic component insertion/placement and attachment are used, the electronic design shall consider the parameters discussed in this section. 
	8.2.1.1 Printed Substrate Size The size of the substrate to be automatically assembled can vary substantially. Therefore, manufacturer’s equipment specifications should be evaluated with respect to the finished printed electronic requirements. 
	8.2.1.2 Component Placement Automatic assembly considerations for SMT components include pick-and-place machines used to place/position components. 
	8.2.1.3 Component Operating Conditions Proper operating conditions need to be followed if the parts are to operate as intended. Physical conditions will need to be considered and designed accordingly to meet the demands of the operating conditions. Specif
	8.2.2 Orientation The design shall ensure the orientation (or polarization) of the component has been adequately specified and coordinated with assembly equipment orientation requirements. Techniques may include:
	8.2.3 Accessibility Electronic components should be located and spaced so attachment lands for each component are not obscured by any other component or permanently installed parts. Each component should be capable of being removed from the assembly witho
	8.2.4 Design Envelope The projection of the component, other than connectors, should not extend over the edge of the printed electronic assembly or interfere with printed electronic assembly component mounting. Components that protrude beyond the substrat
	8.2.5 Flush Mounting Over Conductive Areas Conductive areas, excluding electrical interconnects, under the parts shall be protected against moisture entrapment by one of the following methods:
	8.2.6 Clearances The minimum clearance between component leads or components with metal cases and any other conductive path shall be maintained based on material and deposition technique. 
	8.2.7 Physical Support Depending on weight and heat-generation characteristics, components weighing < 5 g per lead which dissipate < 1 W and are not clamped or otherwise supported shall be mounted with the component body in intimate contact with the print
	8.2.8 Other Concerns See IPC-2221 when designing for parts not attached with adhesives (for example through substrate soldering).
	8.3 General Attachment Requirements
	8.3.1 Thermal Processing Considerations The designer shall ensure components can withstand sintering, curing and soldering temperatures used in printing, postprocessing and assembly.
	8.3.2 Fastening Hardware The installed location and installation orientation for fastening hardware shall be prescribed on the assembly drawing for such devices as rivets, machine screws, washers, inserts, nuts and bracketry. Specifications and precaution
	8.3.4 Component Interconnection Component leads and terminations may either be attached to the conductive areas created through printing prior to assembly, or connections may be printed to the devices after assembly (see Figure 8-1). The process for compl
	8.3.5 Component Selection Considerations In addition to the considerations covered in this section, see IPC-2221 for more specifics on component usage and selection.
	8.3.5.1 Component Sizes Footprints should be large enough to permit reliable printing of attachment and conductive materials and placement of the component without smearing materials to adjacent conductive areas. 
	8.3.5.2 Component Thickness Leadless passive components should have an aspect ratio greater > 1 and < 3. Square devices (aspect ratio = 1) are difficult to orient.
	8.3.5.3 Polarity Markings Special orientation symbols should be incorporated into the design to allow for ease of inspection of the assembled SMT part. Techniques may include special symbols or special land configurations to identify such characteristics 
	8.3.5.4 Reliability/Mounting Concerns Flexure and expansion/contraction of the substrate shall be considered when selecting SMT devices. Localized stiffening, die thinning, bonding and encapsulation can be used to decrease the impact of substrate expansio
	8.3.5.6 Inspection Components should be designed to avoid visual obstruction of other components during inspection.
	8.3.5.7 Embedded Devices Necessary thermal conduction shall be considered, in addition to the electrical connections, when embedding devices in the printed electronic assembly. See IPC-7092 for guidelines on embedded devices.
	9 HOLES/INTERCONNECTIONS
	9.1 Printed Land Requirements 
	9.2 Holes
	9.2.1 Holes Holes pass through the entire printed electronic substrate thickness. They may be used for tooling, mounting or component attachment. Holes are a critical element for alignment of printed electronic assemblies, they typically are listed as dat
	9.2.1.1 Registration Tooling Holes This type of hole is a physical feature in the form of a hole or slot used for:
	9.2.2 Printed Through-Holes These holes have conductors on both surfaces of the printed electronic. The printed conductor fills the hole to make electrical connection between both surfaces (see 1.11).
	10 DOCUMENTATION
	10.1 Special Tooling During formal design review prior to layout, special tooling that can be generated by the design area in the form of artwork or numerical control data shall be considered. This tooling may be needed by fabrication, assembly or testing
	10.2 Layout
	10.2.1 Viewing Distinguishing characteristics shall be used to differentiate between conductors on different layers of the printed assembly.
	10.2.3 Model and Drawing Notes The model and drawings should be completed with the addition of appropriate notations, marking requirements and revision/status-level definition. This information should be structured to ensure complete understanding by all 
	10.2.4 3D Data Formats All the information listed in 10.2.1 through 10.2.3 are applicable to layout, model and artwork generation; however, the designer also should match the design, printing and assembly system being used. 
	10.3 Deviation Requirements Any deviation from this standard or drawing shall be recorded on the master drawing or a customer-approved deviations list.
	10.4 Phototool Considerations The same design pattern configuration and nominal dimensions may be used for preparing the phototool for stencil or screen applications.
	10.4.1 Artwork Master Files An electronic data file, which defines the master image for each layer, shall be provided as part of the master drawing set.
	10.4.2 Coating Phototools Coating phototools provide a special design pattern using larger shapes to establish the coating clearance around the required noncoated areas. Other factors (e.g., fiducials, mounting holes, substrate edges) may require clearanc
	11 QUALITY ASSURANCE
	11.1 Material Quality Assurance Material inspections normally consist of certification by the manufacturer supported by verifying data based on statistical sampling that all materials which become a part of the finished product are in accordance with the 
	11.2 Statistical Process Control (SPC) Statistical process control (SPC) utilizes systematic statistical techniques to analyze a process or its outputs. The purpose of these analyses is to take appropriate actions to achieve and maintain a state of statis
	11.3 Build and Manufacturing Controls Build (plans, software, recipe, etc.) and manufacturing (parameter, feedstock, thermal, etc.) controls shall be under configuration control. Configuration management principles provide a positive effect on product qua
	11.4 Conformance Test Coupons Coupons required for conformance evaluation shall be as defined herein. Additional conformance coupons may be added by the manufacturer. Conformance coupons shall be traceable to the production part. Quality assurance provisi
	11.4.1 Individual Coupon Design Individual test coupons are designed to evaluate specific individual characteristics and the printed electronics they represent. When coupons are used to establish process control parameters, they shall consistently use a s
	11.4.2 Coupon Quantity and Location The conformance coupon shall be a part of every build used to produce printed electronics when required by the procurement documentation or applicable performance specification. Coupons of custom configuration may be de
	11.4.3 Process Control Test Coupon Process control test coupons are used at strategic points in the process flow to evaluate a specific process or set of processes. The designs of the process control test coupons are at the option of the printed electroni
	11.4.4 Tolerances and Reporting Data Tolerances for printing test coupons shall be the same as those for the printed electronic. Reporting data for printed test specimens should be in accordance with ASTM F2971.
	11.4.5 Coupon Identification Conformance coupons shall provide space for:
	11.5 Responsibility for Inspection Unless otherwise specified in the purchase order, the supplier is responsible for the performance of all inspection requirements as specified herein. Except as otherwise specified in the purchase order, the supplier may 
	11.6 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 est
	11.7 Preparation of Samples Unless otherwise specified herein, samples shall be prepared in accordance with standard in-house procedures. If a method is required, it shall be as specified in the procurement documentation .
	11.8 Standard Laboratory Conditions Unless otherwise specified in the appropriate test method, laboratory conditions shall be established and documented by the supplier.
	11.9 Qualification Inspection Qualification testing shall be performed on the test specimens that are produced with equipment and procedures normally used in production. 
	11.10 Failures If one or more specimens fail, the sample shall be considered to have failed. In the event of failure of any inspection, information concerning the failure and corrective action taken shall be maintained and available to the user as request
	11.11 User Sampling Plan Use of sample-based inspection shall be done only as part of a documented process control system per 11.2.
	11.13 Reduction of Quality Conformance Testing The primary goal of SPC is not the reduction of quality conformance testing. The primary goal of SPC is to continually reduce variation in processes, products or services to provide product meeting or exceedi
	11.14 Inspection Methodology
	11.14.1 Process Verification Inspection Process verification inspection shall consist of the following:
	11.14.2 Visual Inspection The assembly shall be evaluated in accordance with the established process control plan (see 11.2) and, if specified in the procurement, by 100 % visual inspection and/or by 3D measurement technology documentation. Inspections ar
	11.14.3 Magnification Aids Magnification power for visual inspection shall be 1.75X and limited to 4X maximum. If the presence of a defect cannot be determined at the inspection power, the item is acceptable. The maximum magnification power is intended fo
	11.14.4 Acceptance and Test Activities Acceptance and test activities are integral to process control and should be specified in the procurement documentation. Many additive manufacturing technologies can print more than one device or component simultaneo
	11.14.4.1 Other Nondestructive Tests Nondestructive tests, procedures, techniques, equipment or materials (e.g., acoustic emission, electromagnetic or eddy current, leak, neutron radiographic) not specifically addressed in this standard may be used in con
	Figure 1-1 Standard Printed Electronic Design (SPED) 1
	Figure 1-2 Standard Printed Electronic Design (SPED) 2
	Figure 1-3 Standard Printed Electronics Design (SPED) 3
	Figure 3-1 Rounded Probe and Pin Probe 
	Figure 4-1 Cross-Sectional View of a Representative Construction Identifying Material Types 
	Figure 4-2 Blind Via Filled Hole vs Coated Hole
	Figure 4-4 Material Deposit Aspect Ratio
	Figure 4-5 Printed Conductive Network and Microstructure for Polymer Thick Film (PTF) Inks (Top) and Metalorganic Inks (Bottom)
	Figure 5-1 Printed Electronics Nested in an Array
	￼Figure 8-1 Component Interconnections
	￼Figure 8-2 Two Examples of Ramps
	Figure 11-1 Systematic Path for Implementation of Statistical Process Control (SPC)



