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IPC-1602A Standard for Printed Board Handling and Storage

1 SCOPE

Historically, the printed board industry has relied on military specifications and guidelines to define packaging methods to 
preserve the quality and reliability of printed boards during shipment and storage. However, many of these documents are 
obsolete, incomplete, do not address Pb-free assembly processes or do not cover newer laminates or final finishes.  

1.1 Purpose  This standard provides requirements and recommendations for proper handling, packaging materials and methods, 
environmental conditions and storage for printed boards. The requirements and recommendations are intended to protect 
printed boards from contamination, physical damage, solderability degradation, electrostatic discharge (ESD) (when necessary) 
and moisture uptake. Moisture absorbed in printed board laminates expands at soldering temperatures, and in some cases, the 
resulting vapor pressure can cause internal delamination or excessive strain on plated-hole walls and other structures. This is 
especially challenging with the higher temperatures used for Pb-free soldering.

This standard provides control measures to prevent uptake of excess moisture prior to soldering, including:

•	 Process controls during printed board fabrication.

•	 Dry packaging of finished printed boards for shipment and storage.

•	 Process controls whenever printed boards are removed from dry packaging, for example before assembly and soldering.

These measures are intended to prevent the need to remove moisture by baking. Along with increasing cost and cycle time, 
baking increases risks for solderability degradation and handling damage.

Unlike standards that apply to moisture-sensitive microcircuits and other electronic components (e.g., IPC-J-STD-020, 
IPC-J-STD-033, IPC-J-STD-075), this standard does not include requirements for Moisture Sensitivity Level testing or 
characterization, floor life or moisture removal by baking. Characterizing or testing moisture sensitivity for a particular 
printed board design is often impractical because boards differ in many important respects from moisture-sensitive 
components. A printed board’s rate of moisture uptake and sensitivity to moisture damage varies with the board thickness, 
distribution of copper features, the materials of construction and other features particular to the board design. In addition, 
printed board designs are usually unique to a particular user and used in much lower quantities than the components that are 
assembled to them.

Note: This document covers all phases from the manufacture of the bare printed board, through delivery, receiving, stocking, 
assembly and soldering.

1.2 Application  The target audience includes those involved in all phases of printed board design, manufacture, assembly, 
shipping, storage and possible warranty activities. Information herein has been supplied for all of these functions.

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.

IPC-1602ANovember 2024 
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	1.1 Purpose This standard provides requirements and recommendations for proper handling, packaging materials and methods, environmental conditions and storage for printed boards. The requirements and recommendations are intended to protect printed boards 
	1.2 Application The target audience includes those involved in all phases of printed board design, manufacture, assembly, shipping, storage and possible warranty activities. Information herein has been supplied for all of these functions.
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	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 order of precedence of reference documents shall be defined in the procurement document. 
	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 Terms and Definitions Other than those terms listed below, the definitions of terms used in this standard are in accordance with IPC-T-50.
	1.8.1 Assembler The entity that receives a completed printed board and performs subsequent assembly, wiring, or soldering operations.
	1.8.2 Dry Packaging Packaging that consists of desiccant material and a Humidity Indicator Card (HIC) sealed with the printed boards inside a Moisture Barrier Bag (MBB) (See 4.2).
	1.8.3 Floor Life The maximum cumulative time allowed for a printed board design to be exposed to ambient conditions (≤ 30 ºC/60% RH) before mass soldering, after being removed from dry packaging (moisture barrier bag (MBB) with desiccant and Humidity Indi
	1.8.4 Humidity Indicator Card (HIC) An indicator of relative humidity in the form of a card with printed deposits of moisture-sensitive chemicals, usually as round dots arranged in sequence, each changing color at a higher relative humidity. Color will ch
	1.8.5 Manufacturer (Printed Board Fabricator or Assembler) The individual, organization, or company responsible for the applicable printed board fabrication or assembly process, and verification operations necessary to ensure full compliance of printed bo
	1.8.6 Moisture Barrier Bag (MBB) A bag designed to restrict the transmission of water vapor and used to pack moisture sensitive devices. An MBB is made of material with a low Water Vapor Transmission Rate (WVTR) (see 4.2.1). An MBB includes a metallized l
	1.8.7 Sulfur Free Materials that are unlikely to express corrosive sulfur compounds like H2S or SO2.
	1.8.8 Supplier The individual, organization or company that provides the Manufacturer (printed board fabricator) with components and/or materials (printed board materials of construction, inks, plating chemistry, cleaning agents, etc.).
	1.8.9 User The individual, organization, company, contractually designated authority, or agency responsible for the procurement or design of electrical/electronic hardware and having the authority to define any variation or restrictions to the requirement
	1.8.10 Water Vapor Transmission Rate (WVTR) A measure of the permeability of plastic film or metallized plastic film material to moisture, an important rating for moisture barrier bags (MBBs).
	1.9 Superseded Documents This document supersedes and replaces IPC-1602.
	2.1 IPC
	2.2 Joint Industry Standards1
	2.3 ASTM
	2.4 Electrostatic Discharge Association (ESD)
	2.6 International Electrotechnical Commission
	2.7 International Organization for Standardization
	2.8 Military Specifications
	2.9 SAE International
	3 PRINTED BOARD FABRICATION AND PACKAGING (HANDLING)
	3.1 Printed Board Materials All materials incorporated into printed boards should be protected from environmental, handling and storage damage. Manufacturers should have documented procedures that outline these preventive practices. Quality System specifi
	3.1.1 Bonding Materials, Prepreg and Resin Coated Foils These materials are sensitive to damage from exposure to temperature, moisture, humidity and ultraviolet light, as well as physical damage. They should be protected starting from material manufacture
	3.1.2 Copper Clad Laminates
	3.1.2.1 Handling and Foreign Object Concerns The infrastructure of the manufacturing location, as well as the equipment used to manufacture these materials, should be designed and controlled to prevent damage and the introduction of detrimental foreign ma
	3.1.2.2 Environmental Concerns Prior to etching, cores are only subject to moisture absorption through the exposed laminate material of the panel edges. The amount of moisture absorption at this stage of production is negligible.
	3.2 Inner Layer Production 
	3.2.1 Phototooling For additional information see IPC-A-311.
	3.2.1.1 Temperature and Humidity The temperature and humidity in the areas where phototools are used and stored should be similar to the area where the phototools were manufactured. This will ensure that the scaling of the imaged product matches the inten
	3.2.1.2 Handling and Storage Phototools are usually placed into protective envelopes, and stored vertically in a manner that provides a reasonable amount of air movement around the phototool to prevent entrapment of moisture. These protective envelopes al
	3.2.2 Process Equipment  
	3.2.2.1 Capability Equipment used for processing inner layers should be designed to handle the sizes, thicknesses, and material types being used without causing damage. Statistical Process Control (SPC) should be used to control these processes.
	3.2.2.2 Preventive Maintenance A preventive maintenance program should be implemented to ensure processes are capable of processing product reliably without causing damage. 
	3.2.3 Moisture Concerns for Etched Cores and Sub-Lams (Subcomposites) After photo processing and etching, laminates are at a greater risk for moisture absorption. Process flow should be designed to minimize the time between baking and lamination to preven
	3.2.3.1 Storage Conditions Storage conditions should be controlled to minimize exposure of etched cores to moisture. Etched cores should be kept in dry storage or exposed to ambient conditions for the least amount of time possible to minimize moisture abs
	3.2.3.2 Pre-lamination Cores may be tested for compliance to moisture levels in 3.3.6 using test methods referenced in 5.8. This testing, or manufacturing recommendations, may dictate that a bake is needed to remove moisture. This bake may occur prior to 
	3.2.3.3 Sub-Lam (Subcomposite) Cores (Sequential Lamination) Excessive moisture in sub-lams (subcomposites) may drive moisture into the prepreg during secondary lamination, which may depress the Tg of the laminate package, cause breakdown of the laminate 
	3.3 Manufacture of the Laminated Panels/Printed Boards
	3.3.1 Processing Validation and Control Equipment used for processing laminated panels/printed boards should be capable of handling the sizes, thicknesses, material types and final finishes used without causing damage. SPC should be used to control these 
	3.3.2 Handling and Transport of Product Handling practices for moving product between processes should be evaluated and procedures established. Transport of product between work cells may involve movement between work areas some distance apart, possibly e
	3.3.3 Environment Etching, drilling, and plating of laminated panels add moisture absorption avenues. To prevent moisture uptake, control copper diffusion, and preserve solderability the temperature and humidity in the environment should be controlled. So
	3.3.4 Test Electrical test is another possible cause of handling or machine damage. Surface damage may result from incorrect or worn-out fixtures, damaged probes, incorrect pressure settings or careless handling. Preventive maintenance should be establish
	3.3.5 Inspection Work surfaces should be evaluated for contamination and cleaned frequently. Careless handling will damage printed boards.
	3.3.6 Moisture Levels Prior to Packaging To ensure that printed boards are sufficiently dry when ready to solder, both the printed board fabricator and the assembler should implement effective process controls and protective packaging to limit exposure to
	3.4 Baking for Moisture Removal If the floor life or the MAMC has been exceeded, a baking operation may be necessary to remove any residual moisture that may have been absorbed into the printed board before it is exposed to the assembly soldering profile.
	3.4.1 Problems Caused by Baking If process controls are ineffective, and printed boards have absorbed excessive moisture, baking is the most practical remedy. However, baking not only increases cost and cycle time but can also degrade solderability. This 
	3.4.1.1 Effects on Organic Solderability Preservative (OSP) Finishes Baking deteriorates the OSP finish. If baking is deemed necessary, it is recommended to use a nitrogen oven capable of maintaining 100 ppm oxygen or less. One hour at 105 °C is suggested
	3.4.1.2 Oxidation Effects In some circumstances, even a finish that is not normally prone to oxidation can become unsolderable. With Electroless Nickel/Immersion Gold (ENIG), oxygen can eventually penetrate the thin gold layer, oxidizing the underlying ni
	3.4.1.3 Effects on Solid Diffusion Baking accelerates solid diffusion between metals and increases intermetallic growth. This can lead to a "weak knee" or other solderability issues if the intermetallic layer reaches the surface and oxidizes. See IPC-HDBK
	3.4.1.4 Effects on Immersion Silver Finishes During baking, silver tarnish will form if sulfur or chlorine are present in the air or contaminating the bake oven.  Tarnish becomes visible when it grows to approximately 5 nm [0.2 µin] in thickness but does 
	3.4.1.5 Effects on Immersion Tin Finishes Solderability shelf life of immersion tin depends on thickness, but 12 months is typical (see IPC-4554).  Baking increases the growth of CuSn intermetallics, shortening the solderability shelf life.  Baking may re
	3.4.1.6 Stripping and Refinishing It may be possible to restore solderability of some final finishes by stripping and refinishing, but in many cases it will be more cost effective to scrap the printed boards and start over.
	3.4.2 Baking Environment Baking should be performed in a forced air recirculating oven, though effectiveness may be improved by reducing the relative humidity by baking in vacuum or nitrogen atmosphere. The oven used for baking should be capable of mainta
	3.4.3 Baking Considerations Times and temperatures necessary for effective bake out depend on many factors, including:
	3.4.4 Establishing Baking Profiles The baking schedule may be established by performing sample testing as described in 5.8. Bake the printed board sample to a known "bone dry" condition, and then weigh it to establish the known dry "baseline" weight. The 
	4 PACKAGING, STORAGE, AND SHIPMENT 
	4.1 Packaging Evaluation The method of packaging finished printed boards for storage and shipment should be evaluated against multiple factors and concerns. Consistent packaging techniques and materials should be used from point of laminate fabrication th
	4.1.1 Moisture Absorption Packaging considerations should include the moisture sensitivity of the laminate materials, moisture controls during printed board manufacturing processes, and the anticipated storage conditions (time, temperature, and humidity).
	4.1.2 Physical Attributes Thin printed boards (usually less than 1.4 mm [0.055 in]), printed boards manufactured from flexible materials or those with complex contours may need rigid support inside the packaging to prevent warpage.
	4.1.3 Effects on Final Finish Solderability The final finish on the printed board may dictate the type of packaging required. Consult the supplier of the final finish for specific recommendations. Some final finishes have more limited storage life to assu
	4.1.3.1 Tin/Lead (SnPb) NCMS Solderability Component Long Term Storage Report states “The data shows a slow decline in wettability with an indication of a plateau after 8 to 9 months.”  This degradation was independent of packaging material and even betwe
	4.1.3.2 Immersion Tin (ISn) Tin oxidizes relatively quickly compared to other metallic final finishes. Packaging that limits and/or inhibits exposure to environmental humidity and atmosphere will reduce the oxidation rate of immersion tin finish. However,
	4.1.3.3 Immersion Silver (IAg) Immersion silver solderability is mostly unaffected by exposure to oxygen. However, chlorine and sulfur compounds have a strong affinity for immersion silver causing significant solderability degradation. Packaging for immer
	4.1.3.4 Electroless Nickel Immersion Gold (ENIG) Immersion gold is a thin, porous deposit that, when applied correctly, reduces oxidation of the underlying nickel solderable surface. Packaging for ENIG is often similar to the packaging protocols utilized 
	4.1.3.5 Electroless Nickel/Electroless Palladium/Immersion Gold (ENEPIG) This is a multifunctional surface finish that features many of the advantages of ENIG, but is gold wire bondable, and is less susceptible to nickel hyper corrosion or “black pad”. Th
	4.1.3.6 Electrolytic Gold (GS) Electrolytic gold is typically thicker and provides better protection of the underlying nickel than ENIG due to reduced porosity. Packaging for GS is often similar to the packaging protocols utilized for Tin/Lead.
	4.1.3.7 Organic Solderability Preservative (OSP) OSP is normally the last process step and printed boards may be packaged directly at the end of the OSP line. If printed boards are not completely dry, the OSP deposit could be damaged. Likewise, printed bo
	4.1.4 Storage and Packaging Environment The environment for packaged printed boards should also be evaluated by the user. Environmental contamination, e.g., hydrogen sulfide, chlorine, etc., as well as high temperature and humidity levels, may cause the p
	4.1.5 ESD Concerns Historically, printed boards have not been considered ESD-sensitive, although many assemblers prefer to have them packaged in ESD bags so that they may be introduced into an assembly environment without needing to be re-packaged. With t
	4.2 Dry Packaging Requirements Unless otherwise specified by the user, finished printed boards shall be packaged for shipment in a heat sealed moisture barrier bag (MBB) with desiccant and HIC as specified below.
	4.2.1 MBB Water Vapor Transmission Rate (WVTR) The WVTR is the rate that water vapor passes through a specific area of barrier material, expressed in grams of water vapor, per surface area, for a 24 hour period, at 40°C. The WVTR is measured using ASTM F1
	4.2.2 Available Packaging Material Types
	4.2.3 Desiccant Material The quantity and quality of the desiccant material selected shall be in accordance with IPC/JEDEC J-STD-033 and should be sulfur free. The following equation describes the quantity of desiccant that shall be included in the dry pa
	4.2.4 Humidity Indicator Card (HIC) The HIC shall have three (3) color spots with sensitivity values of 5%, 10%, and 60% RH as shown in Figure 4-1 and should be sulfur-free in accordance with IPC/JEDEC J-STD-033. HICs should not be placed in contact with 
	4.2.5 Laminate Witness Coupons Witness coupons are intended to evaluate relative moisture absorption and the integrity of the packaging. The use of a witness coupon in the packaging is especially desirable for printed boards that will be subjected to Pb-f
	4.2.6 Immersion Silver Printed Boards Printed boards with Immersion Silver as the final finish shall be covered with protective sulfur-absorbing paper (e.g., Silver Saver® paper) inside the MBB.  Any separation sheets placed between boards shall be sulfur
	4.2.7 Moisture Barrier Bag Sealing The MBB shall be heat sealed to keep out moisture. Full air evacuation is not recommended as it:
	4.2.8 Desiccant Placement The desiccant pack(s) should be placed along the edges of printed boards inside the MBB. This will avoid stress that can warp the printed boards if packages are stacked within the shipping carton and will prevent desiccant from i
	4.2.9 Bulk Packaging Each MBB shall contain no more than 10 printed boards/panelized arrays of size 0.093 m2 [144 in2] (per side) or greater. Printed boards/panelized arrays less than 0.093 m2 [144 in2] (per side) shall be packaged no more than 25 per bag
	4.2.9.1 Marking Each MBB shall be marked with the part number, date code and quantity of the printed boards enclosed. Date codes may be different within a shipment, however boards with different date codes shall be bundled separately by date code.
	4.2.10 Packaging For Extended Shelf Life If extended shelf life is required beyond that specified in 5.2 (i.e., 12 months at 40 °C and 90% RH), shelf life may be extended by “double-bagging,” i.e., placing a standard dry pack (specified above) inside a se
	4.3 External Packaging
	4.3.1 Sulfur/Chlorine Content in Packaging Material Materials used for external packaging are not normally required to be free of sulfur and chlorine. However, the use of sulfur and chlorine free material may provide benefits for some printed boards. 
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