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     Packaging of electronic products for shipment has developed rapidly over the past 30 years. Antistatic and other useful protective functions of the packages have progressed to a high technological state. This presentation reviews that progress, describes present technologies and forcast future trends.  

     Antistatic technologies for loadings and coatings are covered both from a chemical as well as a practical point of view.  Antistatic, dissipative, electrostatic and rf shielding properties are discussed. Test methods past, present and future are demonstrated.

     In this paper information is presented on new shrink film technologies which are just emerging.  Automated packaging techniques as well as advances in moisture barrier packaging are discussed.   Using air gaps as a method of electrostatic shielding has been around for a long time.  New advances in thermoform and inflatable packages are covered.
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History
     One may assume that the Chinese had problems with fireworks explosions due to static discharge centuries ago.  The munitions industry has always had to be careful of static discharges.  The APOLLO command module fire in 1967 was thought to be static related.  Several premature or unintentional rocket ignitions have been blamed on static discharges.  Today we may hear of gasoline pumps exploding due to static.  Workers in detonator fuse assembly areas know too well the problems with static.  These problems are known and assumed to be real.  In the electronics industry the problems of static damage are more recent and less visible.

     In the early days of electronics, items such as vacuum tube devices and other extremely robust products from an ESD point of view had little or no need for static control in the materials used for packaging.  Then in 1947 with the invention of the transistor the course of packaging for electronics was beginning to change.  The first transistors were very insensitive to static charges because of their size and sheer bulk.  As the size of these components came down and speed became a factor in their operation, the idea of static sensitivity became known but not yet fully necessary.  The progression of transistors to metal oxide versions such as MOSFET's on to integrated circuits with smaller and smaller sizes opened the industry's eyes to static failures which began to affect production yields.  With the invention of the true microprocessor and the explosion of computer technology, static control became a very real issue, which could not only affect the yields and profitability of circuit manufacturers but also keep latent failures from causing failures later in the product life with even safety consequences.  During the late 1970's and 1980's many major companies developed well-organized ESD control programs with major benefits to yields and profitability.  

     Today the emphasis has shifted to one less concerned with preventative measures.  Many companies have abandoned the gains realized in the early days of static control and believe the technology has developed to a point where concern is reduced to the lowest price per package.

     In the field of packaging, there are two types of "chips": IC chips and potato chips. A $500 IC chip may be packaged in a 3 cents bag while 1 cent worth of potato chips will be packaged in a 10 cents bag. The food industry does not normally underestimate the value of its packaging while the electronics industry allows its products to constantly be underpackaged.  If food spoils, the consumer may not buy the product or may be affected by pathogens grown in poorly packaged products.  The results are disastrous when botulism or salmonella affects someone or some group.  In electronics the failure of high dollar products due to ESD may not necessarily cause sickness (pace makers, respirators, refrigeration controls....) however, they may ruin the day of an airplane crew and passengers when navigation equipment goes out (Flight 007 KAL).  Automatic pilot systems could send planes into uncontrolled rolls.  Premature firing of air-to-air missles in helicopter #6 could make the flight leader miss dinner. Electronics is considered the highest technology industry.  It is the most archaic in its packaging technology.  This tutorial will help inform those involved in this industry in the advantages of value packaging of its products.

ESD PACKAGES OVERVIEW
     The ESD packaging industry has grown up to support the desires of the electronics industry.  As stated above the industry has been made up of flat films, bags and boxes.  Not too much innovation; hardly any automation. The bags began as black carbon loaded polyethylene until the advent of "pink poly" and other static dissipative films.  Shielding bags were first foil laminates mainly used for moisture barrier.  Now they are typically metallized polyester laminates.  The driving forces of this industry have become price not function.  Most electronic industry end users believe that the present technologies are OK and that  cost is all-important. This brings the need for more automation closer than ever to favor. The following cross sections describe the typical materials used today in ESD packaging:

[image: image16.wmf]Dissipative Coating

Dissipative Additive Loaded

 Shrink Film


Fig. 1 Black Poly
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Fig. 2 Pink Poly
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Fig. 3 Staticure
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Fig. 4  Dissipative Coextrusion
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Fig. 5  Clean Skin Coextrusion
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Fig. 6 Metal-Out Shielding Film
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Fig. 7 Metal-In Shielding Film
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Fig. 8 Twin Shielding (no longer available)
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Fig. 9  Coextrusion Shrink Film (no longer available)
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Fig. 10 New Shrink Film Version A (SYFAN)
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Fig. 11 New Shrink Film Version B (no longer available)


     The cross sections shown are representative of the types of materials being sold into the ESD packaging marketplace.  Most function well, each with its own feature, which may or may not be necessary to an individual application.


     Many standards, specifications and test methods exist to help guide the industry toward proper packaging.  There is a somewhat chaotic atmosphere to these specifications.  Anyone who first enters this industry is overwhelmed by the level of confusion and disagreement in the standards writing bodies.  The following is a brief explanation of some of the standards, which should be reviewed before more in-depth discussions can take place on the technology of ESD packaging:

ESD STANDARDS

EIA
Electronic Industries Association

EIA-541
Packaging Material Standards for ESD Sensitive Items 

     This standard applies to several different categories of electrostatic protective packaging materials.  These packaging materials may possess certain electrostatic properties such as to prevent triboelectric charging (antistatic), to dissipate a charge either by surface or volume conduction, or to act as a shield against electrostatic fields. These electrostatic properties are independent (not mutually exclusive).  The form or shape in which these materials are used is unrestricted.  Also, a fabricated product may possess more than one of the above electrostatic properties.  The appropriate electrostatic properties a product should have shall be determined by the user's requirements.  Electromagnetic protective packaging is not addressed in this document.


This standard is the base specification for ESD safe packaging materials.  It covers:

I.
Magazines (Slides,Tubes, Rails)

II.
Bags and Pouches (Non-Cushioning)

III.
Flexible Cushioning Materials (Open Cellular and Closed Cellular Foams and Other Types in Sheet, Roll, Pouch, or Bag Form)

IV.
Chipboard Cartons, Corrugated Boxes, and Other Similar Non-Flexible Containers Other Than Magazines

V.
Loose Fill, Small Molded, and Irregular Shaped Materials

VI.
Rigid Foams, Large Molded, and Other Similar Materials

VII.Carrier Foam, Lead Insertion Foam


The test methods covered in the present EIA 541 include:

1.
Triboelectric Charge Testing of IC Magazines

2.
Triboelectric Charge Testing of Intimate Packing Materials

3.
Triboelectric Charge Testing of Non-Intimate Packing Materials

4.
Test of The Electrostatic Shielding Property of the Finished Product: Two Probe Testing

5.
Measurement of The Electrostatic Decay Properties of Dissipative Planar Materials

6.
Triboelectric Charge Testing of Bags and Pouches


     Today, the EIA PEPS Committee (Packaging of Electronic Products for Shipment) which is in charge of the EIA 541 specification has postponed further development on test methods.  They have agreed that the ESD Association should develop appropriate test methods for static safe materials, which could then be used in the EIA's standards.  The technical committees of the association are working to develop these test methods which will be incorporated into a new revised EIA 541 within the next 12-24 months. The PEPS Committee has been held in a dormant state for the last year but is expected to reactivate later this year for the rewrite of EIA 541. 

EIA-583

      "Packaging Material Standards for Moisture Sensitive Items", applies to materials used in packaging moisture sensitive, plastic, surface mountable electronic devices during shipping and storage. It refers electrostatic properties of the materials to EIA-541.
ESD Association Test Methods
(Formerly EOS/ESD Association)

S3.1 
Ionization

This standard provides test methods and procedures for evaluating and selecting air ionization equipment and systems (ionizers).


It establishes measurement techniques, under specified conditions, to determine ion balance and charge neutralization time for ionizers.  This standard does not include measurements of electromagnetic interference (EMI), or uses of ionizers in connection with ordnance, flammables, explosive items or electrically initiated explosive devices.

S 8.1
ESD Awareness

The purpose of this document is to further standardize an awareness symbol that is already in use.  This symbol will indicate that a device or assembly is susceptible to damage from an ESD event if not handled properly.  In addition, an awareness symbol for items or materials which provide protection to ESD susceptible devices or assemblies is defined.  The use of the protection symbol will eliminate confusion regarding symbols indicating that an item or material is designed to afford some degree of ESD protection. This symbol is defined using international graphical guidelines.


Two ESD awareness symbols are covered: one to indicate susceptibility and another to indicate protection.  The protection symbol is to be used on items and materials whose design is intended to afford some degree of ESD protection.  The symbol must be used in conjunction with an item or material test standard.  Use of this symbol is not intended to specify the degree of ESD protection afforded by the item or material.  The use of this symbol is not meant as a product qualification, certification, or endorsement of a particular item or material.

S 11.11
 Surface Resistance Measurement of Static Dissipative Planar Materials

This standard defines the methods, conditions and equipment required to measure the surface resistance of static dissipative planar materials.


This standard test method defines a direct current measurement to determine the surface resistance of static dissipative planar materials.  This test method is not intended for electrically conductive or insulative materials.

S 11.31
For Evaluating the Relative Performance of Electrostatic Shielding Bags

The purpose of this standard is to ensure that testing labs, using this test method to evaluate a given packaging material, will obtain similar results.


This test method evaluates the relative performance of electrostatic shielding type bags.  The design voltage for the test apparatus is 1000 volts.  Other voltages may be used at the user's discretion, however users should be sensitive to the voltage breakdown limitations of the materials under test and as well as the various components of the test system. This test method is similar to the capacitance probe used in EIA 541 except the output being sensed is a current signal with the results analyzed in nanojoules.  This analysis of energy instead of voltage gives results more closely approximating the affects on electronic components.  

ADV 1.0
Glossary of Terms

The purpose of this glossary is to record the terminology currently being used in the areas of Electrical Overstress (EOS) and Electrostatic Discharge (ESD).

ASTM Test Methods
D-257    
Standard Test Methods For: D-C Resistance Or Conductance Of Insulating              

              Materials

     These test methods cover direct-current procedures for the determination of d-c insulation resistance, volume resistance, volume resistivity of electricalinsulating materials, or the corresponding conductances and conductivities.

D-991    Standard Test Method For: Rubber Property - Volume Resistivity Of Electrically 

              Conductive And Antistatic Products D-257

This test method covers the determination of volume resistivity of rubbers used in electrically conductive and antistatic products.


This test method assumes that the surface conductivity is negligible compared to the conductivity through the specimen.


This standard may involve hazardous materials, operations, and equipment.  This standard does not purport to address all of the safety problems associated with its use.  It is the responsibility of whoever uses this standard to consult and establish appropriate safety and health practices and determine the applicability of regulatory limitations prior to use.

Military Standards
Federal Test Method Standard 101C, Method 4046.1 Test Procedures For Packaging Materials

This test is used to determine the electrostatic properties of materials in film and sheet form by measuring the intensity and polarity of an induced charge and the time required for complete dissipation of the induced charge.


This method does not determine the surface, volume or insulation resistivities of materials. 

Mil-B-81705C
Military Specification - Barrier Materials, Flexible, Electrostatic-Free, Heat Sealable

This specification covers heat sealable, electrostatic protective, flexible barrier materials for the packaging of items such as microcircuits, sensitive semiconductor devices, sensitive resistors, and associated higher assemblies.  In addition, the type I materials provide for water vapor proof protection and attenuation of electromagnetic radiation 

Mil-STD-1686A Military Standard - Electrostatic Discharge Control Program For Protection Of Electrical And Electronic Parts, Assemblies And Equipment

The purpose of this standard is to establish the requirements for an ESD control program to minimize the effects of ESD on parts, assemblies, and equipment.  An effective ESD control program will increase reliability, decrease maintenance actions and lifetime cost.  This standard may be tailored for various types of acquisitions.


This standard defines the requirements for and ESD control program for electrical and electronic assemblies, and equipment, and their constituent parts susceptible to damage from ESD.  Electrically initiated explosive devices are excluded from these requirements.  This standard covers identification, testing, and classification, design criteria (excluding part level design), protected work areas, handling procedures, training, making of documentation and hardware, protective coverings, packaging and marking, and installation for assemblies and equipment.  Also included are quality assurance provisions, data requirements, audits and reviews.

Mil-HDBK-263 Military Handbook - Electrostatic Discharge Control Program For Protection Of Electrical And Electronic Parts, Assemblies And Equipment

This handbook provides guidance for developing, implementing and monitoring an ESD control program for electronic parts, assemblies and equipment in accordance with the requirements of MIL-STD 1686.  This handbook is not applicable to electrically initiated explosive devices.  The specific guidance provided is supplemented by the technical data contained in the appendices.  A cross-reference listing of MIL-STD-1686 requirements, MIL-HDBK-263 guidance, and MIL-HDBK-263 supplementary technical data is provided within this handbook.

Mil-STD-883 Military Standard - Test Methods and Procedures for Microelectronics

This standard establishes uniform methods, controls, and procedures for designing, testing, identifying and certifying microelectronic devices suitable for use within Military and Aerospace electronic systems including basic environmental tests to determine resistance to deleterious effects of natural elements and conditions surrounding military and space operations; physical and electrical tests; design, package and material constraints; general marking requirements; workmanship and training procedures; and such other controls and constraints as have been deemed necessary to ensure a uniform level of quality and reliability suitable to the intended applications of those devices. This standard is intended to apply only to microelectronic devices. 

Mil-HDBK-773 Military Handbook - Electrostatic Discharge Protective Packaging

This handbook provides detailed guidance for DOD personnel who use, handle, package, or store ESDS items.  It is designed to promote the use of standardized packaging materials as well as promote an understanding of the ESD threat through all levels of maintenance and supply.

Mil-B-117F, "Bags, Sleeves and Tubing", covers heat sealable, packaging bags, sleeves, and tubing for the protection of supplies during transportation and storage under all climatic conditions. This is a bag making specification for barrier, greaseproof and electrostatic free packaging.
Mil-B-131H, "Barrier Materials, Watervaporproof, Greaseproof, Flexible, Heatsealable", establishes the requirements for heatsealable, greaseproof flexible barrier materials having low water vapor transmission characteristics for use in packaging. This is a general barrier material specification.
European Standard CECC 00015/1
Protection of Electrostatic Sensitive Devices, Part 1  General Requirements

This standard specifies the general requirement for the protection of electrostatic discharge sensitive devices from a electrostatic discharges and fields.  It applies only to electronic devices and assemblies. For areas with exposed conductors at potentials greater than 1.25 kV a.c. or 2.5 Kv d.c., additional requirements specified in CECC 00 015: Part 4 apply (Part 4 is in preparation).

ISO 9000 Quality Management and Quality Assurance Standards: Guidelines for Selection and Use

The purpose of this international Standard is


a. to clarify the distinctions and interrelationships among the principal quality concepts and


b. to provide guidelines for the selection and use of a series of International Standards on quality systems that can be used for internal quality management purposes (ISO 9004) and for external quality assurance purposes (ISO 9001, ISO 9002 and ISO 9003) 


Note: It is not the purpose of this series of International Standards (ISO 9000 to ISO 9004 inclusive) to standardize quality systems implemented by organizations.

ISO 9001Quality Systems: Model for Quality Assurance in Design/Development, Production, Installation and Servicing

This International Standard specifies quality system requirements for use where a contract between two parties requires the demonstration of a supplier's capability to design and supply product.


The requirements specified in this International Standard are aimed primarily at preventing nonconformity at all stages from design through to servicing.

ISO 9002Quality Systems: Model for Quality Assurance in Production and Installation

This International Standard specifies quality system requirements for use where a contract between two parties requires demonstration of a supplier's capability to control the processes that determine the acceptability of product supplied.


The requirements specified in this international Standard are aimed primarily at preventing and detecting any nonconformity during production and installation and implementing the means to prevent its recurrence.

ISO 9003 Quality Systems: Model for Quality Assurance in Final Inspection and Test

This International Standard specifies quality system requirements for use where a contract between two parties requires demonstration of a supplier's capability to detect and control the disposition of any product nonconformity during final inspection and test.

ISO 9004Quality Management and Quality System Element: Guidelines

This International Standard describes a basic set of elements by which quality management systems can be developed and implemented.


The appropriate elements contained in this International Standard and the extent to which these elements are adopted and applied by a company depends upon factors such as markets being served, nature of products, production processes, and consumer needs.


NOTES:

 1. This International Standard is not intended to be used as a checklist for compliance with a set of requirements.

  2. ISO/TC 176, Quality Assurance, is considering preparing a separate International Standard on the subject of service. 
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