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Sectional Design Standard for Flexible/Rigid-Flexible 
Printed Boards

1  SCOPE

This standard establishes the specific requirements for the design of flexible and rigid-flexible printed board applications and 
its forms of component mounting and interconnecting structures. The flexible materials used in the structures are comprised of 
insulating films, reinforced and/or non-reinforced, dielectric in combination with metallic materials. These interconnecting boards 
may contain single, double, multilayer, or multiple conductive layers and can be comprised wholly of flex or a combination of 
both flex and rigid.

1.1  Purpose  The requirements contained herein are intended to establish specific design details that shall be used in conjunction 
with IPC-2221 and may also be used in conjunction with IPC-2222 for the rigid sections of rigid-flex circuits and IPC-2228 for 
RF/Microwave applications.

1.2  Classification of Products  Performance Classification, printed board type and use of products shall be in accordance with 
IPC-2221 and as stated in 1.2.1 and 1.2.2.

1.2.1  Printed Board Type  This standard provides design information for different flexible and rigid-flex printed board types. 
Printed board types are classified as:

Type 1  Single-sided flexible printed board containing one conductive layer, with or without stiffener, and constructed using an 
adhesive or adhesiveless substrate (see Figure 1-1 and Figure 1-2).

1
2
3

4
5

Figure 1-1 Type 1 Single-sided Flexible Printed Board - 
Adhesive Substrate Construction
Note 1. Access Hole.

Note 2. Coverlay.

Note 3. Adhesive.

Note 4. Substrate.

Note 5. Copper Pad.
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Figure 1-2 Type 1 Single-sided Flexible Printed Board - 
Adhesiveless Substrate Construction
Note 1. Access Hole.

Note 2. Coverlay.

Note 3. Adhesive.

Note 4. Adhesiveless substrate.

Note 5. Copper Pad.
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	5.2.4.3 Bonded Multilayer Bending A bonded multilayer flexible printed board is not as flexible as a single or double-sided flexible printed board. If flexibility is required, it can be achieved by not laminating specific sections of the cable together. T
	5.2.5 Differential Lengths
	5.2.5.1 Differential Lengths (Flexible Printed Boards) When an assembly application requires that two or more flexible printed boards be selectively bonded or fastened together at the same common termination points at either end and are bent at least 90°,
	5.2.5.1.1 Calculation The basic bend length or portion of a circumference is given by:
	5.2.5.2 Differential Lengths (Multilayer and Rigid-Flex) The bookbinder design of an unbonded flex area can be used in regions where a sharp bend (radius to thickness ratios < 6) is required. This technique uses progressive lengths in the flex area (see F
	5.2.5.3 Staggered Flexible Layer Bands (Multilayer and Rigid Flex) This alternative to the bookbinder design can also be used in regions where a sharp bend (radius to thickness ratios < 6) is required. This technique uses staggered flexible layers in the 
	5.2.6 Shielding A conductive layer may be added to provide shielding effectiveness. This layer may be a metal particle filled resin applied in a thin coat over a signal layer or a metal foil. The shield shall be considered a layer in neutral axis calculat
	5.2.7 Ground/Power Plane When the ground or power is a separate layer or a large conductor, it is advisable to distribute, break up, or balance the conductor widths through the bend area. To improve flexibility and increase adhesion, the plane layer may b
	5.2.8 Stiffeners and Heat Sinks When stiffener, heat sinking materials, or other attachments are required, material types (metallic and nonmetallic), size, thicknesses, and adhesive type shall be specified on the master drawing. Size and registration of a
	5.2.9 Strain Relief Fillet Guidelines for Flexible and Rigid-Flex Printed Boards When designing rigid-flex printed boards, no-flow prepregs are often utilized to prevent excessive resin flow onto the flexible surfaces of the printed board during laminatio

	5.3 Assembly Requirements Assembly requirements shall be in accordance with IPC-2221 and as stated in 5.3.1 through 5.3.7.
	5.3.1 Mechanical Considerations Specific mechanical characteristic data should be obtained from IPC-4202, IPC-4203, IPC-4204, and the material manufacturer’s data sheets.
	5.3.2 Array Sub-Pallets for Flexible and Rigid Printed Boards Flexible and rigid-flex printed boards may be partially routed with “hold-down” tabs and retained in a sub-pallet to facilitate subsequent handling, assembly and/or test procedures. Typical sub
	5.3.3 Single Part Sub-Pallets Rigid-flex or flexible printed boards with rigid stiffeners procured as a “1-up” or single part may be supplied with “rigid rails” (see Figure 5-21). Similar to multi-part arrays, rigid rails will aid in handling and part ins
	5.3.4 Non-Palletized Flexible and Rigid-Flex Printed Boards Special fixturing may be required for assembly operations on flex and rigid-flex printed boards. Provide layout considerations for holding the assembly securely.
	5.3.5 Moisture If the dielectric is not free of moisture, soldering temperatures may cause entrapped moisture to boil. Depending on the amount of moisture present when the flexible printed board reaches the soldering temperature, delamination may be viole
	5.3.6 Infrared Preheats and Reflow Polyimide films absorb IR energy quickly because of their color. They must be monitored carefully when using IR preheats or reflow to prevent excessive heat buildup within the flexible printed board. External fixturing a
	5.3.7 Adhesive Tg Flexible printed boards can contain adhesives with very low Tg. For this reason, all thermal excursions during assembly should be monitored to prevent damage such as delamination and blistering. Preheat and soldering dwell times should b

	5.4 Dimensioning Systems Dimensioning systems, including grid systems, shall be in accordance with the generic standards IPC-2221, IPC-2615 and as follows.
	5.4.1 Datum Features Datum feature or origins should be designated in each rigidized or localized termination area. The dimensions referenced to a datum for hole patterns should not include a flexible section.


	6 ELECTRICAL PROPERTIES
	6.1 Electrical Considerations Continuous improvements in material and circuit technologies may allow reduced electrical clearances and/or greater current capacity. Specific electrical characteristic data should be obtained from the material manufacturer’s
	6.2 Impedance and Capacitance Control Due to the high speeds required of electronics today, controlled impedance requirements for conductors are commonplace. It is important to understand the factors that affect impedance in flex/rigid-flex printed board 
	6.2.1 Impedance Modeling Software Separate impedance models will need to be created for rigid-flex designs for the same required signal in both rigid and flexible areas for each controlled impedance requirement. Impedance modeling software permits optimiz
	6.2.2 Material Thickness and Stack up The thickness and stack-up of the materials used in the flex/rigid-flex construction dictate the required line width and spacing to meet the specified impedance. It is recommended to design using readily available mat
	6.2.2.1 Dielectric Constant (Dk, Er) Most materials used in flex / rigid-flex constructions will have dielectric constants between 2.0 and 4.5. Selection of the best materials for an application will depend on the end use, cost and fabrication considerati
	6.2.2.2 Cut-back Coverlay/Bondply/Adhesive Coverlay and bondply containing adhesive and adhesive sheets are commonly pulled back from the rigid section in a rigid-flex design to maximize PTH reliability. It is recommended to permit the fabricator to adjus
	6.2.3 Conductor Pitch The conductor pitch for differential pairs used for controlled impedance should be kept constant along the length of the conductor to avoid unwanted signal noise / signal mismatch. The impedance coupon for a given layer / signal also
	6.2.4 Narrow Conductors When modeling for impedance control, a dielectric thickness able to achieve a finished line width of 0.127 mm [0.005 in] or greater on 0.5 oz. copper (or less) is recommended to minimize variation related to etch processing. In add
	6.2.4.1 TDR Measurement Considerations for Narrow Conductors Normally a Time Domain Reflectometer (TDR) is used to measure characteristic impedance (Z0) of a controlled impedance line. For very narrow line widths, DC resistance can significantly contribut
	6.2.5 Differential Impedance Edge-coupled impedance models are generally preferred to broadside-coupled differential models as there will be no front to back layer alignment variation. Edge coupled signals are present on the same layer by definition. If a
	6.2.6 Unbonded Flexible Impedance Controlled Layers (“Loose-leaf layers”) Unbonded flexible layers (typical of double-sided micro-strip constructions), when flexed, naturally buckle, creating uncontrolled spacing between the individual flex circuits acros
	6.2.7 Modifications to Shield Layers One of the major items that drive the thickness of dielectric layers in a flex circuit is the impedance requirement. Often it is desirable to sacrifice some shielding performance of a signal reference (or “ground”) lay
	6.2.7.1 Cross Hatching The advantages of this technique as shown in Figure 6-5 are that it has the least negative effect on loss and no novel materials (e.g. silver epoxy shielding) are required to implement. The disadvantage of this technique is that it 
	6.2.7.2 Thick-Film Conductor Shielding (Silver Epoxy) The advantages of this technique are that it can be applied as an additive process. Electrical connections to the shield are made through contact of the shielding material to a copper (ground) conducto
	6.2.7.3 Shielding Film The advantages of this technique are that no pattern design is required. The conductor in a shielding film cannot be patterned and thus it will have a uniform effect. EMI performance is generally superior to the other techniques. Th
	6.2.8 Dielectric Constant Changes Over Frequency Knowledge of the operating frequency of a design is necessary to address what dielectric constant is selected for the various materials of construction. While adhesiveless polyimide has very low loss and th


	7 THERMAL MANAGEMENT
	8 COMPONENT AND ASSEMBLY ISSUES
	8.1 General Placement Requirements General placement requirements shall be in accordance with IPC-2221 and as stated in 8.2 through 8.6.
	8.2 Standard Surface Mount Requirements Standard surface mount requirements shall be in accordance with IPC-2221 and as stated in 8.3.
	8.3 Lands for Surface Mounting Surface mount should only be used in rigid portions of rigid-flex circuits or nonbending areas of flexible circuits. The selection of the design and positioning of the land geometry in relation to the part may significantly 
	8.4 Constraints on Mounting to Flexible Sections Designs shall not place a component in an area of continuous flexing or in an area that will be flexed, folded, or flexed as part of a flex-to-install. Leads mounted through flexible material should be full
	8.5 Interfacial Connections Interfacial connections on Type 2 flexible printed boards should be made by the use of clinched wires, followed by soldering, or PTHs. Interfacial connections on Type 3 and Type 4 flexible and rigid-flex printed boards should b
	8.6 Offset Lands Lands, when used in conjunction with clinched leads, may be located adjacent to (not surrounding) the lead termination hole. The land shall be of a sufficient distance from the hole to allow clipping of the part lead prior to unsoldering 

	9 HOLES/INTERCONNECTIONS
	9.1 General Requirements for Lands with Holes General requirements for lands with holes shall be according to IPC-2221 and as stated in 9.1.1 through 9.1.9.3.
	9.1.1 Land Requirements Land requirements shall be in accordance with IPC-2221. Filleting of conductor to land transition is recommended in flexible printed boards so as to reduce stress conditions and increase manufacturing tolerances (see Figure 9-1).
	9.1.2 Annular Ring Requirements Annular ring requirements shall be in accordance with IPC-2221.
	9.1.3 Eyelet or Standoff Land Area Considerations When eyelets or standoff terminals are used, the lands on Type 1, Type 2, and external layers of Type 3 and Type 4 shall be designed so as to have a minimum diameter of at least 0.5 mm [0.020 in] greater t
	9.1.4 Land Size for Non-Plated Component Holes The land size to be used shall be the largest possible land that will meet the spacing requirements. The minimum standard fabrication allowance shall be per Table 9-1.
	9.1.5 Land Size for Plated-Through Component Holes The land size to be used should be the largest possible land that will meet the spacing requirements. The minimum standard fabrication allowance shall be per Table 9-1.
	9.1.6 Thermal Relief in Conductor Planes When a ground and/or power plane is used, the thermal relief pad shall meet the requirements of IPC-2221.
	9.1.7 Nonfunctional Lands It may be allowable to remove some or all of the nonfunctional lands for producibility. Table 9-2 provides considerations and concerns about using nonfunctional lands in the design. If nonfunctional lands are to be removed during
	9.1.8 Land-to-Conductor Transition The transition between a conductor and a supported or unsupported land should be strain relieved to prevent broken conductors at this transition interface. An adequate strain-relief can be attained in several ways, depen
	9.1.9 Unsupported Edge Conductors/Fingers Unsupported edge conductors/fingers are areas of circuits that are not encapsulated by coverlay or base materials and are designed specifically for connections.
	9.1.9.1 Processes There are two basic processes used to create these unsupported fingers: build-up using substrate/foil/coverlay materials, and laser ablation.
	9.1.9.2 Design Options There are several other design possibilities that can be used when creating unsupported fingers. They each offer different advantages and design constraints:
	9.1.9.3 Mounting Flex to a Printed Board Due to the fragile nature of unsupported fingers, it is recommended that the connection area be ruggedized after being soldered to the printed board to ensure that any mechanical stresses on the flex circuit are no

	9.2 Holes Alternative hole formation in flexible printed boards may use die punched, laser cut, cluster punched, plasma etched, and chemical etched holes. Designers should consult fabricators for the best process for application and hole size.
	9.2.1 Unsupported (Non-plated) Component Holes When a single-sided flex circuit is used for through-hole mounted component leads, the hole size is typically 0.15 to 0.35 mm [0.006 to 0.014 in] larger than the component lead diameter.
	9.2.2 Plated Component Holes When PTHs are used for component leads, the finished hole size is typically 0.25 to 0.5 mm [0.001 to 0.020 in] larger than the component lead diameter.
	9.2.2.1 Etchback For Type 3 or Type 4 flexible printed boards, etchback, if required, shall be specified on the master drawing.
	9.2.3 Copper Filled Vias Copper filled microvias and vias should be avoided in areas where surface planarity is critical. Surface topography and dimensional stability associated with flexible product could make surface planarization difficult. Designers s
	9.2.3.1 Microvia Stacking For guidance on microvia stacking, refer to IPC-2221.

	9.3 Cover Material Access Openings
	9.3.1 Coverlay Access, SMT Coverlay access openings for standard SMT pads where the SMT components will not be subjected to post assembly mechanical forces (e.g., connector mating and de-mating) should be sized and shaped the same as that for solder mask 
	9.3.2 Coverlay Access, Holes Coverlay access holes should be sized to the annular ring requirements of IPC-2221. It is recommended that openings for unsupported hole access in coverlayers for exposing lands should be at least 0.25 mm [0.010 in] larger tha
	9.3.3 Coverlay Access Spacing The limitation for the web left between two adjacent access openings is 0.25 mm [0.010 in] for both die cut and drilled coverlays. Alternative processes are required for spacings less than 0.25 mm [0.010 in] (e.g., windows co
	9.3.4 Land Access/Exposed Lands Access to lands may be accomplished by windows (cutouts) (see Figure 9-16) or access holes in the coverlay. Windows may be used, and are preferred, if they expose only the lands, because conductor paths exiting from under t
	9.3.5 Type 1 Land Access, Opposite Sides Access openings to lands may be on one or both sides of a single printed board layer. Access openings on both sides of a single layer are more costly, due to the additional tooling and processing required.


	10 CONDUCTORS
	10.1 Conductor Characteristics Conductor characteristics shall be in accordance with IPC-2221 and as stated in 10.1.1 and 10.1.2.
	10.1.1 Conductor Routing Whenever possible, conductors should exit the rigid areas perpendicular to the rigid edge. Conductors should not pass through a designated bend zone at an angle and should run perpendicular to the bend. Minimum distance from the v
	10.1.2 Conductor Edge Spacing Except for edge-board contacts, the minimum distance between conductive surfaces, PTH and the edge of the finished printed board, unsupported through holes or cutouts in the rigid and flexible sections shall not be less than 

	10.2 Land Characteristics Land characteristics shall be in accordance with IPC-2221.
	10.3 Large Conductive Areas Unless otherwise specified, large conductive areas on external or internal layers shall be in accordance with 5.2.6 and 5.2.7.

	11 DOCUMENTATION
	12 QUALITY ASSURANCE
	Appendix A 
Design Tutorial
	A.1 Flexing and Forming The successful design of a flexible circuit requires that the designer carefully consider both the electrical and mechanical requirements of the finished product at the design stage. Unlike rigid printed boards, flexible circuits a
	A.2 Material Selection Guidelines
	A.3 Stress Concentration Features (Stress Risers) Another critical factor affecting the reliability of a formed flex circuit is stress concentrating features. Flex circuit construction should remain constant with no changes of any kind in, or in close pro
	A.3.1 Dual Row Zero Insertion Force (ZIF) Connectors

	A.4 Overall Size & Shape Flex circuits are fabricated in panel or roll form from flexible copper-clad materials that are laminated together, similar to a rigid board. These flexible layers are different from rigid layers, however, because they are not gla
	A.5 Allowances Rigid-flex and multilayer flex designs require more annular ring allowance than rigid board designs. Rigid boards are comprised of only glass reinforced rigid layer cores, with better dimensional stability and layer-to-layer registration du
	A.6 Symmetry Avoid designing symmetrical flex outlines or pinfield land patterns to prevent incorrect installation of flex or components. This applies to mounting hole locations as well. It is recommended to always use one offset hole when working with ci
	A.7 Length A limited number of suppliers can produce a circuit with lengths over 559 mm [22.0 in]. The layer count has a greater impact on producibility at these lengths due to the fact that flexible base materials can have as much as 0.0254 mm [0.001 in]
	A.8 Rigid Areas (Types 1, 2 and 3) Circuit areas that require additional structural support such as connector areas and regions with SMT components should have mechanical stiffeners applied. The most common materials used to create mechanical stiffeners a
	A.8.1 Rigid Areas (Type 4) It is preferred for material balancing that rigid areas on each side of the board be the same thickness. It is HIGHLY recommended that all rigid areas on a given side be the same thickness. PTHs in rigid areas should be located 

	A.9 Flexible Areas Flexible layers between rigid areas of a Type 4 flex are generally comprised of double-clad core material with coverlays. The most typical construction is the loose-leaf (unbonded) construction where these two-layer inner layers are not
	A.10 Banding A technique called banding, or staggered bands, can be used to accommodate a short flexible area if there is no room for a service loop. Instead of using the full width of the flexible region betwe en rigid areas for each inner layer of a Typ
	A.11 Symmetrical Lay Ups It is important to be mindful of the wide array of materials and processes that can be used in the construction of flex and rigid flex circuits. These materials can have different coefficients of expansion which can cause a flex o
	A.12 Access Openings in Coverlay for SMT Access openings in coverlay are typically created by drilling/routing, punching with a hard tool, or lasering. For this reason, it is difficult and expensive to define square or rectangular shaped openings for SMT 
	A.13 Forms of Plating Three common methods for surface and hole copper plating for interconnecting double-sided or multilayer flexible printed boards are: panel plating, pattern plating and button (pads-only) plating. There are tradeoffs associated with e
	A.13.1 Panel Plating With panel plating, the entire panel including the vias and thru holes are electrolytically plated prior to etching the image. This yields a consistent thickness of copper plating across the panel that is easier to control, but also m
	A.13.2 Pattern Plating With pattern plating, electrolytic copper is deposited only in the holes and on the patterned areas, which are then protected by an etch resist. Thus, only the copper foil thickness is etched, which generally enables finer features 
	A.13.3 Button Plating (Pads Only) Button plating (Pads Only) enables fabricators to target plating to specific features such as vias and pads, while avoiding electroplating conductors. This is essential for applications with dynamic bending, tight bend ra
	A.13.4 Trade-Offs and Applications A summary of the benefits and drawbacks of each of the plating processes covered in A.13.1 through A.13.3 is provided in Table A-1 below.

	A.14 Reference Literature Additional flexible circuit design information can be freely obtained from the following sources:

	Figure 1-1 Type 1 Single-sided Flexible Printed Board - Adhesive Substrate Construction
	Figure 1-2 Type 1 Single-sided Flexible Printed Board - Adhesiveless Substrate Construction
	Figure 1-3 Type 2 Double-sided Flexible Printed Board - Adhesive Substrate Construction
	Figure 1-4 Type 2 Double-sided Flexible Printed Board - Adhesiveless Substrate Construction
	Figure 1-5 Type 3 Multilayer Flexible Printed Board - 
Adhesive Substrate Construction
	Figure 1-6 Type 3 Multilayer Flexible Printed Board - Adhesiveless Substrate Construction
	Figure 1-7 Type 4 Rigid-flex Printed Board - Adhesiveless Substrate Construction
	Figure 1-8 Type 5 Flexible or Rigid-flex Printed Board without PTHs - Adhesive Substrate Construction
	Figure 1-9 Type 5 Flexible or Rigid-flex Printed Board without PTHs - Adhesiveless Substrate Construction
	Figure 3-1 Dimensional Modeling
	Figure 3-2 Final Panelization
	Figure 4-1 Flexible Cross-Sectional Construction Examples
	Figure 4-2 Unbonded Flex Cross-sectional Construction of Rigid Flex
	Figure 4-3 Selective Plating for Adhesiveless Substrate Applications
	Figure 4-4 Selective Plating for Adhesive Substrate Applications
	Figure 5-1 Circuits Nested On a Panel
	Figure 5-2 Special Flexible Printed Board Features
	Figure 5-3 Cutout with a Drilled Hole
	Figure 5-4 Reinforcement Patch for Flex Area
	Figure 5-5 Slits and Slots
	Figure 5-6 Spacing of PTH from Rigid to Flex Interface
	Figure 5-7 Reduced Bend Radii
	Figure 5-8 Conductors in Bend Areas
	Figure 5-9 Bend/Crease Areas Center Lines
	Figure 5-10 Neutral Axis Ideal Construction
	Figure 5-11 Definition of Bend Ratio
	Figure 5-12 Irregular Folds
	Figure 5-13 Differential Printed Board Lengths
	Figure 5-14 Differential Printed Board Lengths, Rigid-Flex
	Figure 5-15 Bookbinder
	Figure 5-16 Staggered Flexible Layer Bands
	Figure 5-17 Staggered Flexible Layer Bands
	Figure 5-18 Typical Example of Copper Removal for Flexible Shielding
	Figure 5-19 Stiffener Thickness Preferred in Order to Apply Strain Relief Fillet
	Figure 5-20 Strain Relief
	Figure 5-21 Rigid Rails for Single Part Sub-Pallets
	Figure 5-22 Establishing Datums
	Figure 6-1 Adjustment to Dielectric Thickness between Rigid and Flexible Regions
	Figure 6-2 Conductor Pitch for Differential Pairs
	Figure 6-3 TDR Waveform for Type 2 Flexible Printed Board
	Figure 6-5 Cross Hatching
	Figure 9-1 Conductor to Land Transitions
	Figure 9-2 Sculptured, Straight, Tapered Fingers
	Figure 9-3 Sculptured, Formed for Surface Mount
	Figure 9-4 Sculptured, Formed for Through-hole
	Figure 9-5 Straight Fingers for Lap Soldering to Printed Board
	Figure 9-6 Adhesive Squeeze Out Where Fingers Exit Insulation
	Figure 9-7 Laser Ablated Window
	Figure 9-8 Broken Fingers Resulting from Poor Handling
	Figure 9-9 Fingers Connected with a Foil Buss Bar
	Figure 9-10 Insulator Buss Bar with Notched Fingers
	Figure 9-11 Fingers Attached to a Support Bar
	Figure 9-12 Staggered Base/Coverlay Edges Used to Reduce Stress Points
	Figure 9-13 Sculptured Flex Showing the Foil Thickness Transition
	Figure 9-14 Fingers Brazed to Circuit Lands
	Figure 9-15 Bonding of Unsupported Fingers to Printed Board with Reinforcement
	Figure 9-16 Coverlay Access Openings and Exposed SMT Lands
	Figure 9-17 Coverlay Access Opening for Unsupported Lands
	Figure 9-18 Coverlay Access Openings and Exposed Supported Lands
	Figure 10-1 Conductor Routing, Rigid-Flex Transition
	Figure A-1 Single Row ZIF Style Printed Board Contact Area
	Figure A-2 Dual Row ZIF Style Printed Board Contact Area
	Figure A-3 Cross-sectional example of Panel, Pattern and Button Plating
	Figure A-4 Button Plating of both Via Lands and Adjacent SMT Lands

	Table 4-1 Characteristics of Typical Flexible Dielectrics1
	Table 4-2 Minimum Average Copper Thickness, mm [in]
	Table 9-1 Minimum Standard Fabrication Allowance for Interconnection Lands, mm [in]
	Table 9-2 Nonfunctional Land Considerations
	Table 9-3 Typical Foil Options for Designing for Flex Circuits with Unsupported Fingers
	Table 9-4 Common Brazed Finger Options
	Table A-1 Benefits and Drawbacks of Panel, Pattern and Button (Pads Only) Plating




