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Foreword
This Standard was prepared under the cognizance of the P-2.1 Engineering Subcommittee on Ceramic and Mica Dielectric Capacitors of the Electronic Components, Assemblies & Materials Association (ECA), the electronic component sector of Electronic Industries Alliance (EIA). 

This document provides terminology, methods, and criteria for characterizing the internal structural features of monolithic, ceramic dielectric capacitors.  Its major objective is the accurate evaluation of the internal physical quality of the chip capacitor element as it relates to the functional reliability of the finished capacitor.  This Standard also provides needed and useful information pertaining to activities associated with destructive physical analysis, such as post-decapsulation visual inspection and destructive physical analysis reporting.  In addition, it provides tutorial help for problems inherent in destructive physical analysis sample processing.

1

Scope

This document provides terminology, methods, and criteria for characterizing the internal structural features of monolithic, ceramic dielectric capacitors.  Its major objective is the accurate evaluation of the internal physical quality of the chip capacitor element as it relates to the functional reliability of the finished capacitor.  This Standard also provides needed and useful information pertaining to activities associated with destructive physical analysis (DPA), such as post-decapsulation visual inspection and DPA reporting.  In addition, it provides tutorial help for problems inherent in DPA sample processing.

2
Intent
The DPA of a representative, randomly chosen sample of monolithic ceramic capacitors is for the purpose of contributing to the complete evaluation of a product lot regarding its fitness for use and its conformance to design and performance specifications.  DPA should be considered as one among several means of capacitor lot evaluation, including initial electrical testing, and other electrical and environmental testing that may be imposed.

2.1
Representative DPA sampling

A DPA sample shall represent no more than one chip lot, since the probability of internal structural anomalies in chip elements often is associated with a chip lot because of some process variation or material variation, explained or unexplained, which may have affected only the lot in question.

The DPA sample shall be a group of parts that is randomly drawn from a lot that is ready for acceptance testing in accordance with the procurement document.

2.2
Sampling plan

A sampling plan purposely has been omitted from this Standard.  The number of sample specimens to be subjected to DPA shall be the responsibility of the procurement agency and shall be specified in a document of that agency, in the purchase order, or in a contract with a supplier.  If the purchase order does not specify a sampling plan when invoking this Standard, the plan given in table XIII in 4.6.2 of MIL-C-123-B, General Specification for High Reliability, Fixed, Ceramic Dielectric Capacitors (Temperature Stable and General Purpose), may be used, or the supplier may specify an appropriate sampling plan.

3
Ceramic capacitor DPA terminology
The terms and definitions included in this section are intended to aid in the complete understanding of this Standard and other DPA or procurement specifications.  These are generally accepted and used throughout the ceramic capacitor industry.

Active area: The region within the chip element that consists of the overlapping portion of all of the opposed electrodes and the active dielectric between them.

Active dielectric: All of those portions of the ceramic body that lie sandwiched between all of the electrically opposed electrodes.

Artifact: Any anomaly, which is induced by DPA processes and which, was not present in the sample specimen(s) prior to DPA processing.  Examples are stress relief cracking, pull-out, surface fracturing, and dislodged leads that may occur during the decapsulation process.

Assembly lot: In particular, the designation of a lot of parts being lead-attached and molded, but the term may be used loosely to indicate a finishing lot.

Band width: The dimension of the end metallization band from the end of the chip element to the point where it stops on the cover plate.  Generally, the term is used in connection with a minimum or a maximum for a given band.

Barrier coat: See 3.7, Barrier layer.

Barrier layer: Generally, a layer of copper or nickel, 0.013 mm (0.0005 in) or less in thickness, which is deposited on the primary end metallization to serve as a protector of that layer during periods of exposure to molten solder.

Capacitor element: A chip element with applied end termination metallization.

Capacitor case: See 3.30, Encapsulation.

Casting: The process of mounting sample specimens onto an adhesive surface inside a retainer ring and pouring a plastic casting material or potting medium around and over the parts and allowing it to set up and harden.

Casting material: A plastic in liquid, unpolymerized form used for casting sample specimens for sectioning by abrasive sectioning.

Chip element: For DPA purposes, a monolithic structure made up of electrodes and ceramic, exclusive of end metallization.

Chip lot: A quantity of chip elements or capacitor elements of the same design, having a common raw material origin and formulation, which was processed through the chip manufacturing sequence as a single group.  

NOTE (More than one assembly or finishing lot may come from one chip lot, and procurement specifications for capacitors may require traceability all the way back to raw material lots.

Chip manufacturing lot: See 3.13, Chip lot.

Chip-out: The physical, visual evidence remaining on a chip element, capacitor element, or finished capacitor indicative of material loss from corners or edges (ceramic, encapsulation, or ceramic plus metallization) due to mechanical damage, lack of material integrity, or both.

Cold solder: A condition of a solder joint characterized by a dull, grainy, and excessively porous surface with indications of incomplete reflow or poor lead or chip wetting.  Internally, cold solder is excessively porous and may entrap small pockets of flux.

Common electrodes: All of the electrodes in a chip element designed to contact a single end termination.

Cover plate: The outer ceramic envelope parallel with the length by width dimensional plane, from the outermost electrode to the surface of the chip element.  Also see 3.50, Margin.

Crack: A fissure or separation within the same species of material, such as ceramic, encapsulation material, or solder.  A crack may be the result of inadequate manufacturing processes or materials or it may be an induced artifact of DPA processing or environmental stresses.

Date lot code: See 3.49, Lot date code.

Defect: A fault or imperfection which, when assessed according to appropriate criteria, may or may not be used to categorize a sample unit as a defective.

Defect, acceptable: A defect that passes inspection criteria.

Defect, rejectable: A defect that fails inspection criteria.

Defective: A  sample unit that contains one or more rejectable defects.

Delamination: A separation between two layers of ceramic or at a ceramic-to-electrode interface, or rarely, a separation within a single layer of ceramic which is roughly parallel to the electrode plane.

Destructive physical analysis (DPA): An analysis performed in order to examine the internal features of an object or device that results in the partial or complete destruction of the object analyzed. With monolithic ceramic capacitors, this may include decapsulation, sectioning by grinding, polishing, and microscopic examination.  In some instances it also may include resistance to soldering heat, pre-DPA visual inspection and electrical testing.

Dielectric: The nonconductive ceramic between electrically opposed electrodes.

Dielectric thickness: The distance between opposed electrodes measured on a line perpendicular to the electrode plane.  

NOTE—Assessment of this dimension should be based upon a technique which measures several thickness samples (5 to 10) and averages the value for one layer, accounting for electrode thickness.

Dielectric void: An empty space or aggregate of spaces within a dielectric layer or, in some instances, across more than one layer.

Electrically opposed electrodes: Conductive plates of a capacitor that terminate at opposite electrical poles.

Encapsulant: The body insulation material used to physically and electrically protect the capacitor element.

Encapsulation: The physically configured encapsulant that forms the capacitor case.

End margin: The portion of the ceramic envelope, which is parallel to the thickness by width plane, extending from the outer edge of the chip element to the opposed electrodes, through which the common electrodes pass to the termination.  Also see 3.50, Margin.
End margin delamination: Specifically, a delamination in an interface of a terminating electrode and one or both of the adjacent ceramic layers, but in general the term used for indicating any delamination which occurs in an end margin, including a knitline delamination.

End metallization: The system of metallization used to cover both ends of a chip element.  It includes both the end termination and the end bands.

End termination metallization: Specifically, the metallization covering each end of the chip element, where the electrodes are exposed (between the thickness by width dimensions).  The term is used also as a synonym for end metallization.

Fillet: See 3.68, Solder fillet.

Finishing lot: A designation given to a capacitor lot to indicate its status as a completed product, including any print or marking.  This designation may be given a hybrid chip capacitor or a leaded, encapsulated capacitor.

Foreign matter: Any material found on or in a sample specimen that is not a normal constituent of that type of device in the location where it is observed.

Hybrid capacitor: Generally, a finished capacitor element designed for direct, leadless installation on a printed circuit board.  Also called surface-mounted capacitor.

Hybrid chip: See 3.38, Hybrid capacitor.

Inspection lot: A group of capacitors or other devices offered for acceptance testing at one time, generally associated with a military specification; it may include many finishing lots, depending on the control document.

Interband dimension: The distance between opposite end metallization bands on a capacitor element.

Interface: The junction of two layers in a layered device, for example, the junction of electrode to dielectric layers or between two ceramic sheet layers.

Intermetallic: A solution of two metallic elements formed during reflow or due to certain other conditions involving temperature and time, for example, the copper/tin intermetallic formed between a copper surface and a tin/lead solder when the solder is reflowed against the copper surface.

Knitline: Generally, the bonding interface between two layers of bondable materials; these may be the same, similar, or different materials.  Specifically, in ceramic multilayer capacitors, the interface of bonding between two ceramic sheets or a ceramic and metallic interface.

Knitline delamination: Specifically, a delamination that occurs in one of the knitlines of an end margin, in the same plane as an opposed electrode.

Leaching: The erosion of end metal from a chip capacitor due to the action of molten solder, wherein the end metal is dissolved and put into solution with the solder.

Length: The dimension running from termination to termination.  In some chip capacitor designs, the length may be less than the width of the element.

Lot: The general designation of a quantity of product which is of the same raw material origin, design and lot date code, and was manufactured as a uniquely designated group through the same processes.  This could be a chip lot, a finishing lot, or an inspection lot.

Lot date code: A designation used for lot identification that is made up of following sequence:

1) a 2-digit year code;

2) a 2-digit week code; 

3) an alpha or alphanumeric code that is unique for one lot manufactured during a given year and week, e.g., 9305ZX, 9315A7, 9151L, etc.

This identifier must be printed on each part or each package, and on all pertinent data, photographs, samples, etc.

Margin: The ceramic portion of a chip element which envelopes the active area.

Metallization band: The portion of the end metallization which extends along the exterior of the chip from the end of the chip element toward its longitudinal center for distances varying generally from 0.25 mm to 1.02 mm (0.01 in to 0.04 in).

Microcrack: A very fine narrow crack in the ceramic that is visible only at relatively high magnifications (generally above 150X) with the aid of indirect or dark field or polarized lighting.  True Microcrack occur due to internal chip element stresses or relief of such stresses.

Mounting: The process, during DPA, consisting of setting the sample specimens up on an adhesive surface and surrounding them with a retainer ring, ready for pouring of the potting medium.

Opposed electrodes: See 3.28, Electrically opposed electrodes.

Overlap view: The longitudinal sectional view of monolithic capacitors, hybrids or leaded, showing the overlapped electrode edges, end margins, end metallizations, and chip to lead solder joint, the plane being perpendicular to the electrodes and ceramic layers (see figure C.1.).

Pinhole: By definition, an open cavity in the ceramic cover plate, generally circular in shape, which is no larger than 0.05 mm (0.002 in) in diameter and has appreciable depth.

Potting: See 3.10, Casting.
Potting medium: See 3.11, Casting material.

Pull-out: The undesirable shattering, crumbling, and removal of materials from the specimen surface during abrasive sectioning or polishing.  this is a problem particularly around voids, delaminations or other unsupported edges.

Random sample: A group of specimens drawn from a population of similar specimens (a lot) without regard for any selection principle or plan, where each individual has an equal chance of being chosen or passed over.

Sample: A group of specimens drawn from a much larger group of similar specimens for the purpose of gathering information pertinent to the large group (population).

Sample specimen: See 3.63, Sample unit.

Sample unit: One member of a sample such as a capacitor.  A sample of 20 pieces has 20 sample units.

Scavenging: The action of molten solder upon chip capacitor end metal, by which the solder dissolves and takes all or part of the end metal into solution.

Side margin: The portion of the ceramic envelope which is parallel to the thickness by length plane and which extends from the side of the electrodes to the outside edge of the chip element.  Also see 3.50, Margin.
Side margin view: The transverse sectional view of a sectioned sample unit, showing the side margins, cover plates and electrode edges.  This is perpendicular to the overlap view and the electrode plane (see figure C.2.).

Solder fill: The bulk of solder metal which occupies the space between a capacitor lead wire and the capacitor element, which constitutes the solder joint between lead and capacitor element.

Solder fillet: The externally visible portion of the solder metal which attaches the lead wire to the capacitor element and is characterized by a smooth and tapering convergence of solder metal with lead wire and capacitor element, the surface of the solder often being somewhat concave.

Solder wetting: The condition whereby molten solder metal and a heated base metal surface fuse, forming an atomic interface (usually in the presence of a flux such as rosin). The liquid solder forms a dihedral angle with the base metal surface, generally less than 75(,  for adequate solder-to-base metal bonding and with the anchorage area between base metal and solder ideally being 100%.

Stress relief cracking: Cracks generally seen in the overlap view, but also in the side margin view, associated usually with the cover plates and the outer two or three electrodes.  These are artifacts of the sectioning process due to grinding samples without decapsulation before mounting or due to inadequate edge support.  They are not defects and must not be assessed as such.

Striations: Longitudinal grooves in the side margin ceramic surface at the layer interfaces, where layer-to-layer adhesion was disturbed during laminator chip ejection, chip dicing from a multichip pad, or chip handling before chip firing.  These are distinguishable from delaminations in that the bottom of striations are visibly firing bonded, while the bottoms of delaminations or cracks cannot be visually determined.

Subsample: A part of a total sample distinguishable from the remainder of the sample by a consideration such as the orientation of the view or plane of inspection, or by some separate requirement such as solderability testing which does not pertain to the other DPA sample units.

Surface fracturing: Shallow, oblique cracking of ceramic between electrodes and in cover plates due to grinding stresses or chatter of the potted sample on the moving surface of the abrasive grit where the sample may alternately grab and slide.  This artifact may be induced also during hand polishing operations.

Surface relief: The difference in the level or height of the ground or polished specimens between the relatively hard and softer materials.  The metal portions erode faster during grinding and polishing than do the harder ceramic surfaces.  Hand polishing produces considerable surface relief.

Termination metallization:    See 3.33, End metallization.

Terminating electrode end: The end of an electrode which makes contact with the end metallization.

Thermal shock crack: A ceramic crack due to sudden thermal change or unequal conduction of heat through the ceramic chip element.

Thickness: The dimension of a chip element that is perpendicular to length, width, and the electrode planes.

Void: An empty space in the ceramic, or end metallization, or lead-to-chip solder, or encapsulation.

Wetting:  See 3.69, Solder wetting.

Width: The chip dimension perpendicular to the length and parallel to the electrode planes.

4
Recommended procedures and methods
The following procedures and methods are essential for DPA performed on ceramic capacitors.  These are presented in logical, sequential order.  Where more than one method for an activity is acceptable, the preferred method is indicated.

4.1
Visual appearance of DPA sample units

Since the primary purposes of DPA is determination of internal physical quality, specimens that are unacceptable according to external visual criteria should not be used for DPA.  If such units are included in the DPA, then appropriate records of the type and number of external defects must be kept to avoid confusing the internal examination performed during DPA.

External visual inspection of decapsulated, leaded capacitors shall include both chip element and end terminations, including lead attachment.  However, if a lead or leads on a decapsulated capacitor appear(s) loose or dislodged, a supplementary sample of five specimens shall be used to determine lead attachment integrity.  These five capacitors shall be potted as manufactured, without decapsulation, and only the lead attachment criteria in 4.1.2 shall apply.  The chip element shall not be examined because stress relief cracks are likely to occur in these and such features are artifacts of grinding or polishing.  They are not defects and shall not be counted as such.  The preparation of the supplementary sample is described in 4.2.

4.1.1
Decapsulated capacitor external visual defect criteria

a) Any capacitor chip element that fails the procurement specification's external visual criteria.

b) Lead-to-chip solder coverage exhibiting less than 80% filleting between lead and chip for radially leaded devices or less than 90% solder joint between nailheads and end metallization for axially leaded devices.  See annex A.1.

NOTE—Missing or dislodged lead (not a defect).  See 4.1 on supplementary sample.

4.1.2
Supplementary sample criteria (for sectioned and polished sample)

These criteria are for the purpose of judging lead-to-chip element attachment integrity and in that sense or to that extent form a part of the DPA inspection when applicable.  If any of the five specimens in a supplementary sample fails the criteria of 4.1.2, it shall be cause for rejecting the lot.  Individual defectives per these criteria in this supplementary sample may not be applied to the normal DPA sample acceptance criteria (AQL).  However, as noted in 5.1.10b, 4.1.2c and 4.1.2d are made  a part of 5.1.10 for evaluation of lead attachment of the regular DPA sample units.

In case of a dispute between the results of the supplementary sample and the DPA sample with regard to lead attachment integrity, the results from the supplementary sample shall prevail.

This inspection shall be performed using 30X to 60X magnification.  See illustrations in annex B.  Criteria follow:

a) Cracked solder joint between lead and capacitor element or nonwetting of the capacitor end metallization or the lead.

b) Crack(s) in the solder joint, as indicated by the intrusion of encapsulation material into the crack(s).  

NOTE—A small round bottomed declivity or concavity between lead and chip element where full solder wetting is obvious may contain encapsulant without failing this criterion (see annex B).

c) Solder voids, their major dimensions cumulatively measured, larger than one-half the thickness of the chip element, regardless of solder fill.

d) Three or more solder voids in a sectional view of a single solder joint, where each is larger than 0.200 mm (0.008 in), regardless of cumulative measurement related to chip thickness.

4.2
Sample preparation methods

4.2.1
Introduction
This Standard requires that encapsulated (molded) capacitors be decapsulated before mounting and casting for sectioning.  This must be done to avoid inducing artificial damage to the chip element due to unequal compression relief in the molded parts during abrasive sectioning (see 3.70, Stress relief cracks).  Damage similar to stress relief cracking also can be caused by inadequate support of the sample units if the potting medium does not harden sufficiently during curing.

Decapsulation materials and procedures must be such that minimum damage is done to the chip element, leads, and lead-to-chip attachment.  The correct decapsulant to use will vary somewhat depending on the type of encapsulation material to be removed.  
NOTE—All chemicals used for decapsulation will attack material interfaces and surfaces to some extent.  

For the types of decapsulants recommended in this Standard, some mechanical force is required for removing the encapsulation material, while endeavoring to preserve the lead attachment integrity.

4.2.2
Decapsulation

Decapsulation is, of course, the removal of the encapsulation from the leaded capacitor element.  The following materials are recommended for removal of the more usual glass-filled epoxy encapsulants from finished capacitors:

	Technical name
	Common name

	Dimethylformamide
	DMF

	N-Methyl-2-Pyrrolidone
	M-Pyrol

	NOTE—All decapsulants present hazards to the users.  Strict adherence to the manufacturer's safety instructions and recommendations and good laboratory practices are mandatory.  The two materials recommended above are highly polar organic solvents.  Both are flammable, but not explosive under recommended conditions of usage.  Both must be used under an adequately ventilated fume hood.  DMF should not be heated to more than 170 (C.  M-Pyrol should be kept below 220 (C.  These temperatures will allow the recommended procedures to be safely performed.  Disposal of these materials must be in accordance with OSHA regulations.  Safety and hazard information is available from the manufacturers.  The manufacturer of DMF is DuPont; the maker of M-Pyrol is GAF


If the product being decapsulated does not respond to the solvents recommended in this specification, the manufacturer of that product should be contacted for information on its decapsulation, regarding both chemical and procedure issues.

When the above recommended decapsulants are used, the following is a correct procedure:

4.2.2.1
Decapsulation procedure

a) Cut leads off to a length of approximately 1.0 mm (0.04 in).

b) Place the devices to be decapsulated into a borosilicate glass (e.g., Pyrex™) beaker and cover them with approximately 13 mm (0.5 in) of the decapsulant (DMF or M-Pyrol).  Cover the beaker with an appropriate watch glass.  A refluxing flask system may be used to control and condense vapors.

c) Set the beaker on a controlled heat source capable of 250 (C, cover and allow to reach the boiling point and adjust the heat to maintain a slow boiling action for a period of 30 min to 90 min, depending on the size and configuration of the encapsulated capacitor.  DMF boils at slightly over 150 (C, while M-Pyrol boils at a little more than 200 (C.  Smaller parts such as CKS11, CKS12, CKS05, and CKS06 require less time in the boiling solvent (perhaps 30 min to 45 min), while larger parts such as CKS14 and CKS16 require progressively longer times (60 min to 90 min or even more).  Scarifying the smooth surfaces of the encapsulation or actually sanding away of some of the more massive parts of the encapsulation on larger devices may aid in the rapid penetration of the solvent.  However, the risk of damaging the chip element or leads by such grinding always exists and great care must be exercised when using such techniques.  Caution is the watchword for those performing chemomechanical decapsulation.
d) At the end of the boiling period, turn the heat source off and allow the solvent to cool to less than 50 (C.  Pour off the used solvent and dispose of it in an acceptable manner.

e) Rinse the specimens thoroughly with warm, running water for 2 min to 3 min, using approximately the middle one-third of the time to allow them to sit in water and diffuse out some of the trapped solvent.  Then finish rinsing the parts with running water.

f) Spread the parts on paper toweling or blotter paper.  Using a short rigid hobby knife, "tease" away the loosened and cracked encapsulation.  If it does not chip away easily, more solvent treatment on the heat source is indicated.  Never use excessive force in the removal of the treated encapsulation, since this will lead to damage to the capacitor and may lead to personal injury to the operator.  The additional boiling should be done in 15 min to 30 min increments on smaller parts and in longer increments on larger parts.

g) After leaded capacitor elements have been removed from their encapsulations, they should be rinsed again in running water, then they should be dried and visually examined per 4.1.1.  After the visual inspection, clean the specimens per 4.2.3 and mount and cast them for sectioning per 4.2.4.

SAFETY NOTE—Decapsulation chemicals must be used under an adequate fume hood to avoid breathing the vapors given off during heating.  Also, some chemicals may be absorbed through the skin or cause other injuries.  See the manufacturer's safety precautions.

4.2.3
Cleaning prior to mounting

Place the decapsulated or unencapsulated sample units into a small glass beaker and cover with sufficient isopropyl alcohol for cleaning.  Soak for 2 minutes, gently agitating intermittently by swirling the solvent in the beaker.

Pour off the alcohol and deposit the sample units onto clean, absorbent tissues such as bleached paper toweling or laboratory tissue wipes.

Let sit until dry (approximately 5 min).  Forced evaporation of the alcohol by use of an oven or hot air blower is permitted, provided that the heat is gradually applied to prevent possible thermal shock to the specimens.  Allow the sample to cool to ambient temperature before mounting.

4.2.4
Mounting and casting

Materials necessary for appropriate sample mounting and casting include the following:

a) Expendable phenolic retainer rings, preferably the 25 mm (1 in) diameter size, that are available from a number of metallography supply houses.

b) A suitable adhesive film on which to mount the sample specimens and phenolic rings.  One excellent material for this purpose is a 0.05 mm (0.002 in) thick acetate sheet with one adhesive side manufactured by Fasson.  Any other equivalent material will be acceptable.

c) A suitable epoxy resin and hardener for casting the specimens in a hard plastic for support during grinding and polishing.  The preferable materials are listed in table 1.

 


  
Table 1—Epoxy resin and hardener
	Materials
	Parts by weight

	Epon No. 815 epoxy resin 1)
	7.0

	Triethylenetetramine
	1.0

	1
 Shell Chemical Company (available from Miller-Stephenson, Danbury, Conn.)  


Several other similar two-part epoxy casting systems are available from metallography supply houses.  This one is recommended because of its low-viscosity that facilitates mixing, deaerating, and pouring.  Triethylenetetramine is a generic chemical available from various chemical suppliers.

The sample units shall be mounted on an adhesive surface inside an expendable retainer ring.  This shall be done on a flat surface.  Two types of material may be used for adhesive surface.  The material mentioned above holds very well in this application, but is easily removed after the potting medium hardens.  Other similar materials are available and may be used with reasonable success.  When using thin, strong adhesives such as the one recommended herein, it will be necessary at times to smoothe the sawed surface of the phenolic expendable ring to prevent leaks when the casting material is poured.  A few circular strokes on a piece of 400 grit or 600 grit, dry ground by hand, will smoothe away the grooves that can cause leaks.  

NOTE—The grinding dust must be removed prior to mounting the retailer ring on the adhesive surface.  

The second type of adhesive is a double-faced adhesive.  Several types are available.  This method necessitates the use of a flat plate on which to mount the rings (e.g., a glass microscope slide).  These, subsequently, must be cleaned or discarded after the cured castings are removed.  Therefore, this method is suitable only for small numbers of samples.  Where large numbers of samples are processed, the first type of material is preferable.

One half the sample specimens shall be mounted to allow sectioning for the overlap view (see figure C.1, orientation A).  The other half shall be mounted for sectioning to reveal the side margin view (see figure C.2, orientation B).  The plane of the electrodes should be perpendicular to the sectional plane within ± 5 degrees of arc.

The placement of the sample specimens inside each phenolic ring should allow a minimum space of 3.0 mm (0.12 in) between the inside ring circumference and the nearest chip edge and a space of 0.5 mm (0.02 in) minimum between individual specimens.  This spacing will provide for adequate edge support around and between specimens.  Materials such as grease or release agents shall not 

be used either for holding specimens or to aid in removal from any type of retainer ring.  The phenolic rings are expendable and the epoxy shall be allowed to bond to the rings, so that a portion of the ring will be ground away as the sectioning progresses.  Reusable casting molds are not recommended for ceramic capacitor DPAs when epoxy is used for casting the specimens.

Blend thoroughly the epoxy resin and hardener. Small metal or plastic paddles, whose shafts are round and not larger than 3 mm to 4 mm where they intersect the surface of the liquid, make suitable stirrers), Then allow mixture to deaerate for 5 minutes.  Pour the mixture slowly and carefully around and over the specimens, being sure that it covers the bottom of the mount between the specimens (rising to fill the interspaces between specimens first) before pouring on top of them.  This technique eliminates trapped air pockets that allow cover plate breakage later during grinding or polishing.

The poured castings shall be allowed to cure at room temperature (25 ± 5) (C for a minimum of 16 hours.  No heat shall be applied.  Pouring and curing should be done under an exhaust hood of 4.3 m3/min to 8.65 m3/min (150 CFM to 300 CFM) exhaust capacity.  When mixed and cured as prescribed, this epoxy mixture should not cause any appreciable exothermic reaction.  

NOTE—Caution: Retainer rings larger than 31.25 mm (1.25 in) in diameter can allow exothermic reaction because of their unfavorable volume to surface area ratio.  If larger retainer rings are used, a suitable heat sink such as an aluminum plate should be used.  In fact, it is good practice to use such a heat sink with all ring sizes.

When used in accordance with these specifications, this potting medium attains a Shore D hardness of 82 to 85 and gives adequate support for ceramic DPA.  If greater protection against surface relief is desired for hand ground or hand polished samples, various fillers may be used.  Those found acceptable include medium and soft metallic oxide powders and very small glass beads 0.4 mm to 0.6 mm (0.016 in to 0.024 in) in diameter.  However, with good technique, especially where vibratory polishing is used, fillers are not necessary and may actually make the DPA processing more difficult.

A five-piece supplementary sample, when drawn for the purpose of verifying lead attachment quality, shall be mounted in its encapsulated state in order to expose the overlap view.  The sectional plane for axially leaded devices shall be a longitudinal plane that passes through the approximate center of the nailhead of the lead without regard to electrode plane orientation.  The sectional plane for radially leaded devices shall be a longitudinal section at the approximate midpoint of the device with regard to its width, and perpendicular to the electrode planes.  The supplementary sample shall not be used for assessing chip element quality.

NOTE—No thermoplastic or thermosetting potting media, requiring the application of heat above the ambient room temperature, with or without pressure applied, shall be used in casting specimens for examination in accordance with this Standard.  Such materials and methods can create harmful stresses in, or damage to, ceramic capacitor chip elements.

4.2.5
Sectioning of cast samples

For large numbers of DPA samples, the plain paper backing that adheres to the wheel by water tension is preferable due to its ease of replacement.  The PSA type works very well but is more difficult to change when worn.

Hand ground samples should not receive more than 35 kPa (5 psi) pressure while the medium grits are in use.  Somewhat less pressure is adequate.  For the finer grits, use only enough pressure to provide positive contact with the grit.  Appropriate grit sizes with wheel speeds and applied pressure are listed in table 2.

Table 2 — Grinding schedule

	Abrasive selection
	Disk speed range
rpm
	Applied pressure

	Grit no.
	USBS CAMI  grade µm
	
	kPa
	pounds/in2

	2401)
	63
	300 to 400
	21.0 to 35.0
	3.0 to 5.0

	320
	32
	200 to 300
	21.0 to 35.0
	3.0 to 5.0

	400
	23
	100 to 200
	10.5 to 21.0
	1.5 to 3.0

	600
	14
	50 to 150
	1.4 to 3.5
	0.2 to 0.5

	1 Use only for rapid material removal on chip elements longer than 4.5 mm (0.18 in) and wider than 3.0 mm (0.12 in).  When using 240 grit, grinding should stop at least 0.6 mm (0.024 in) away from the intended inspection plane.


A recommended schedule of material removal (stop no nearer than minimum distance given) is listed in table 3.

Table 3—Recommended schedule of material removal

	Grit in use 

grit no. ( m)
	Minimum distance from inspection plate

mm (in)

	240 (63)
	0.6 (0.024)

	320 (32)
	0.5 (0.020)

	400 (23)
	0.2 (0.008)

	600 (14)1)
	0.01 to 0.05 (0.0004 to 0.002)2)

	1 
It is permissible, and often advisable, to substitute 1200 grit for 600 during the finish grinding step.  The 1200 grit cuts as fast as the 600 but smoother.  To minimize both the amount of polishing to be done and the amount of edge relief, finish grind the final 0.02 mm (0.001 in) on 2400 grit and use only step 2 of the vibratory polishing schedule.

2
 Stop at 0.05 mm with 600 grit if finer grit is used for final step.


During grinding, a stream of water from 3 mm to 6 mm (0.125 in to 0.250 in) in diameter shall be applied to the approximate center of the grinding disk, inside the work area, for cooling and clearing away the materials removed in the process.  This water stream must be maintained throughout all grinding steps.  The central portion of the grit [a radius of approximately 25 mm (1.0 in)] should be avoided during manual grinding because this tends to cause more pullout and other unwanted effects.

After each grinding step, the sample ring must be rinsed thoroughly in running water to remove any large grit particles that may be adhering to it before proceeding to change to finer grit.  The wheel should also be flushed with water for the same reason.  After the final grinding step on 600 or finer grit, the sample should  be washed in a mild detergent solution (1% to 5%) and thoroughly rinsed in running water prior to polishing.  Hands and specimen holders must be rinsed to remove any clinging grit particles.

In lieu of manual grinding, a proven semiautomatic grinding apparatus may be used.  It must produce high quality samples for viewing, comparable or superior to those produced by a skilled and experienced manual operator.

4.2.6
Sample polishing

The objective of sample polishing is to remove the scratches remaining after fine grinding with 600 or finer grit, providing a smooth, distortion-free surface for inspection, with minimum metallic smearing and minimum relief.  Polishing will remove the final 0.01 mm (0.0004 in) after the final grinding step.

4.2.6.1
Vibratory polishing

Vibratory polishing, with its precise polishing pressure and its random, orbital action meet this objective the best of any currently practiced method.  It is, therefore, the recommended method of this Standard.

Available vibratory polishers utilize a relatively hard, porous polishing fabric (Buehler Texmet™ or equivalent) for holding the polishing abrasive.  The fabric adheres to a platen by a pressure sensitive adhesive backing.  The platen has a raised rim around it for confinement of the polishing slurry.  The finish ground and cleaned sample rings are clamped into specimen holder-weights [these should be 280 g to 340 g (10 oz to 12 oz)] and placed onto the polishing platen in approximately 2.0 mm (0.080 in) of 0.3 m alpha-alumina slurry which is uniformly applied to the entire polishing surface.

NOTE—Equipment with at least a 30.5 cm (12 in) diameter platen is recommended for vibratory polishing.  Smaller models tend to provide less than ideal orbital vibration.  

When the vibration frequency is properly adjusted, the sample specimen holders will rotate slowly about their own axes and they will slowly process in a circle around the inside of the rim of the platen.  When sample ring mounts are accurately ground, being flat on the ground surface and having the ground surface near enough to perpendicular with the circumferential sides of the ring, a thoroughly acceptable polished surface should be produced in 45 min to 60 min.  Inaccurately ground samples do not polish well on a vibratory polisher.  The vibratory polishing procedure is listed in table 4.

Table 4—Vibratory polishing procedure

	Step no.
	Polishing time

min
	Polishing medium

	1
	45 to 60
	0.3 µm alpha-alumina in water

	22)
	15
	0.05 µm gamma-alumina in water

	1
Polishing times assume finish grinding with 600 grit; less time is required if finer grits are used.

2
Step 2 is not mandatory and may be omitted with good results.  Manual polishing after vibratory polishing is not recommended.


After the vibratory polishing cycle, the sample rings must be removed from the specimen holders and cleaned in a mild detergent solution followed by a thorough water rinse, beginning with tap water and ideally followed by a rinse in deionized water.  Finally, isopropyl alcohol may be used immediately prior to viewing to remove any smear or foreign particle.  For this purpose, a small dropper bottle is convenient and cotton swabs are ideal for cleaning and drying the surface to be viewed.

If desired, the vibratory polishing may include a final 15-minute cycle using 0.05 µm gamma-alumina slurry, but this step is not mandatory.  If performed, the final 15-minute cycle will require a separate polishing unit because of the much finer abrasive being used. 

NOTE—It is not practical to use the same polisher for both 0.3 µm and 0.05 µm polish.  Also, sample cleaning is required between the two sizes of abrasives.

Other proven methods of automated polishing are acceptable if they produce comparable quality polished samples to the method recommended herein.

4.2.6.2
Manual polishing - alternate method

Manual specimen polishing, where sample rings are hand held is rather operator dependent and surface relief is the rule rather than the exception.  Sample specimens are more subject to damage such as pull-out and surface fracturing than with vibratory polishing.  Nevertheless, a skilled operator can produce very high quality samples with manual techniques.  

NOTE—Hand polishing should be kept to a minimum to avoid excessive surface relief and detail distortion (some of each is inevitable).

Rough polishing shall consist of a 1 min to 2 min period on a short-napped cloth (Buehler Microcloth™ or equivalent), using a polishing slurry of 1.0 µm or 0.3 µm alpha-alumina.  Applied pressure should not exceed 14.0 kPa (2.0 psi), using less pressure during the last 30 seconds of this phase.  The speed of the disc should range from 150 rpm to 250 rpm.  By utilizing grits finer than 600 (e.g., 1200 or 2400) or comparable lapping film, one may eliminate rough polishing and minimize fine polishing.  Never polish any longer than necessary to produce a scratch-free surface for viewing.

Fine polishing shall be accomplished using a slurry of 0.3  m or 0.05  m alumina in water.  The fine polishing step will require from ½ to 1 minute using a wheel speed of 80 rpm to 125 rpm and slight hand pressure ranging from 3.5 kPa to 10.5 kPa (0.5 psi to 1.5 psi), the lesser pressure being applied during the last 30 seconds. The manual polishing steps are listed in table 5.

Clean in mild detergent solution and rinse thoroughly between rough and fine polishing and after fine polishing.

Table 5—Manual polishing steps

	Step no.
	Polishing time

min
	Polishing medium
	Disk rotation  rpm
	Max. pressure

	
	
	
	
	kPa
	psi

	1, rough
	1 to 2
	1.0 µm or 0.3 µm alumina in water
	150 to 250
	14.0
	2.0

	2, fine
	½ to 1
	0.3 µm or 0.05 µm alumina in water
	80 to 125
	10.5
	1.5

	1
Polishing times are approximate, assuming 600 grit on finish grinding.  Shorter times will be adequate when finer grinding is done.
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5
Microscopic evaluation of polished DPA samples

The sectioned, polished DPA samples shall be visually examined, using a compound microscope equipped with vertical illumination for bright field and capable of dark field illumination, as well.  The microscope shall be capable of at least 300X magnification.  The usual range of magnification that should be used is 50X to 500X.  However, individual microscopes will vary considerable in available magnifications because of various combinations of ocular, objective, and intermediate lenses.  for the majority of the DPA sample evaluations, 100X to 300X magnifications is sufficient and convenient.  For preliminary examination for the purpose of  locating and identifying anomalies or defects, a  lower magnification should be used.  However, for such tasks as void or barrier layer measurement one of the higher magnifications must be used (in the 500X to 700X range).  A calibrated optical measurement device such as a filar eyepiece or an ocular scale is mandatory for making accurate optical measurements.

The  microscopic examination is for the purpose of accurately locating, identifying, and characterizing all of the internal structural features of the DPA specimens in order to judge defects against the criteria of the specification.

5.1
Defect criteria

The following structural features shall be considered as defects when observed during microscopic examination of the sectioned and polished sample units.  One defective unit shall be counted only once for the purpose of lot acceptance or rejection, regardless of the number or type of defects it may contain.

5.1.1
Delaminations

a) Any single delamination of an interface of material layers exceeding 20% of the interface (pertaining to the overall chip element length or width), and exceeding 0.127 mm (0.005 in).

b) Any single delamination of an interface of material layers, in the active area,                                                                                                               which exceeds 0.13 mm (.005 in), and displaces adjacent dielectric layers by more than 50% of the average nominal dielectric thickness.

c) Any knitline delamination which exceeds 20% of the length of the knitline interface (end margin length) or which reduces the end margin to less than requirement as specified in 5.3 b).

d) Any delamination in any material interface of a side margin reduces the side margin to less than requirement as specified in 5.3 a).

NOTE—Delaminations or longitudinally migrating voids within a dielectric material layer may be treated as delaminations at material interfaces; or, they may be treated as dielectric voids, in which case the zone of interest must include all of the migratory segments (see figures D.1 and D.2).

5.1.2
Dielectric voids and other voids in the ceramic

a) Any void or aggregate of voids (cluster, series) between opposed electrodes which reduces the dielectric thickness by more than 50% of the average dielectric thickness (see figures D.1 and D.2).

b) Any void or pinhole in a coverplate or in a side margin which reduces the coverplate thickness or the margin at that location to less than the minimum allowed by  5.1.3.

NOTES 

1) For industrial grade capacitors rated at less than 25 volts dc and/or where the designed dielectric is less than 0.02 mm (0.0008 in), consult the manufacturer or an applications expert for appropriate minimum dielectric thickness requirements.

2) Where there is a question of true void dimensions, other analytical techniques may be employed to discriminate between defects and possible DPA processing artifacts and for assessing possible risk factors.

5.1.3
Margin defects

a) Side margins: Any side margin that displays a minimum margin less than the required minimum shown in table 6.

Table 6—Side margins

	Rated voltage

working volts dc
	Minimum required side margin

mm (in)

	25
	0.025 (0.0010)

	> 25 through 50
	0.040 (0.0016)

	> 50 through 200
	0.050 (0.0020)


b) End margins: Any minimums end margin less than the values given in table 7.

Table 7—End margins

	Rated voltage
working volts dc
	Minimum required end margin
mm (in)

	25
	0.040 (0.0016)

	> 25 through 50
	0.050 (0.0020)

	> 50 through 200
	0.075 (0.0030)


c)   Cover plate thickness: Any cover plate with a minimum thickness less than the values given in table 8.

Table 8—Cover plate thickness

	Rated voltage
working volts dc
	Min. Required cover plate thickness
mm (in)

	25
	0.040 (0.0016)

	> 25 through 50
	0.050 (0.0020)

	> 50 through 200
	0.075 (0.0030)


NOTE—Pertaining to all 5.1.3 margins, for working volts greater than 200 volts dc, consult an applications expert or the part suppliers for adequate margin requirements.

5.1.4
Cracks in the ceramic


a) Any crack in the dielectric of the active area or any crack in the enveloping ceramic margins/borders that either reduces, or has the potential, through further propagation, to reduce the effective margins to a point less than the limits defined by 5.1.3.

NOTE—Artifacts are excluded, since they are not defects.

5.1.5
Dielectric nonuniformities

a) Any variation in dielectric thickness within the active area that results in more than 30% reduction in the thickness of an individual dielectric layer compared to the average nominal thickness of dielectric layers.

NOTE—Design features for capacitance adjustment in low capacitance parts are exempt from this requirement.

5.1.6
Electrode nonuniformities

a) Any electrode thickness variation which causes an electrode to exceed two and one half times its average design thickness for more than 50% of the total electrode length.

b) Any abrupt increase in electrode thickness which reduces either adjacent dielectric thickness by more than 30% of the average nominal dielectric thickness.

NOTE—For industrial grade capacitors less than 25 working volts dc and/or where the designed dielectric is less than 0.02 mm (0.0008 in), consult the manufacture or applications expert for appropriate minimum dielectric thickness requirements.

5.1.7
End termination metallization defects of hybrid capacitors

a) Any single void in the primary end termination metallization which spans more than 35% of the electrode stack thickness (see figure D.3).

b) Any series of voids in the primary termination metallization exceeding 50% of the chip element thickness, T (see figure D.3).

c) Clear evidence of loosening or lifting of end termination metallization from the terminating ceramic interface surface which spans more than 10% of the terminating ceramic-end interface (see annex D).

d) Clear evidence of loosening or lift up of a metallization side band (see annex D).

NOTE—Lift up of plating overthrown beyond the primary end metallization bands is not a defect.

5.1.8
Barrier layer defects of hybrid capacitors
a) Any barrier layer, where required, which cannot be verified as present and uniformly deposited under light microscopy using dark field illumination (must appear as an interface between the primary end metallization and the solderable coat, as a minimum, to be acceptable).

b) Any barrier layer, where required, which displays intermittent or discontinuous coverage.



NOTES

1 Barrier thickness measurements should be made at a minimum of 500X magnification.

2 Whenever serious doubt exists concerning the adequacy of a barrier layer following microscopic examination,  then an independent sample (five or more pieces) may be submitted to a functional test for end metallization survivability in molten solder, agreed upon by the supplier and the purchaser.  This test result may be used to augment the DPA findings or in lieu of those findings regarding the barrier layer criteria only.

5.1.9
Defects in solderable coating of hybrid capacitors

a) Any solderable coating less than 0.0025 mm (0.0001 in) thick for more than 20% of the effective surface (end metallization and metallization band inclusive).

b) Any evidence of detachment of solderable coating from barrier layer.

5.1.10
Defects in lead attachments of leaded, unencapsulated capacitors, or leaded, decapsulated capacitors

A capacitor solder joint (fill) that fails in either 4.1.2.c or 4.1.2.d solder void criteria.

5.2
Reporting of DPA examination results

It is the responsibility of the activity or agency that performs the DPA to adequately record and report the DPA results.  This report should include, as a minimum, the following (1) Pertinent identification data for part, lot, manufacturer, customer, purchase order, etc., (2) The results of the internal microscopic examination.  A sample report form that may be used is found in annex E of this Standard.

DPA samples shall be appropriately and adequately identified.  This identification shall include the lot date code and an indication of serialization directly on the sample rings.  The container for the DPA sample and all photographs should be adequately identified with the following information as available and appropriate: customer name, customer part number, customer purchase order, lot date code, and manufacturer.  Photographs shall also have magnification and type illumination and serial number of part(s) photographed (example: 300X, B.F., S/N3).  Individual procurement specification may add to or delete from these sample identification requirements, in which case the procurement document shall govern.  If DPA samples are not required to be sent to the customer, the performing activity shall appropriately store and catalogue the DPA samples and records.

Annex A

General inspection aids and visual inspection of decapsulated capacitors
	Figure
	

	A.1

	Chip oblique view, showing dimensional planes.

	A.2
	Chip orthographic views.

	A.3
	End metallization components and interband areas.

	A.4
	Lead attachment criteria.
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	A.2 (Chip orthographic views
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	Figure A.3( End metallization components and interband areas
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	Figure A.4( Lead attachment criteria


Annex B

Visual inspection of supplementary samples
	Figure
	

	B.1
	Acceptable and rejectable criteria for radial capacitors

	B.2
	Acceptable and rejectable criteria for axial capacitors

	B.3
	Acceptable and rejectable criteria for voids in radial capacitors
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	Figure B.1( Acceptable and rejectable criteria for radial capacitors
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	Figure B.2( Acceptable and rejectable criteria for axial capacitors
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	Figure B.3( Acceptable and rejectable criteria for voids in radial capacitors


Annex C


Sample orientation and mounting
	Figure
	

	C.1
	Specimen sectioning and polishing to reveal overlap view for microscopic examination (orientation A: longitudinal section)

	C.2
	Specimen sectioning and polishing to reveal the side margin view for microscopic examination (orientation B: traverse section)

	C.3
	Capacitor specimen mounted for casting (side margin view)


	[image: image11.jpg]Microscopic inspection
plane

metallization

Specimen before Specimen after
sectioning and polishing sectioning and polishing





	Figure C.1(Specimen sectioning and polishing to reveal overlap view for microscopic examination (orientation A: longitudinal section)
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	Figure C.2 (Specimen sectioning and polishing to reveal the side margin view for microscopic examination (orientation B: traverse section)
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	Figure C.3( Capacitor specimen mounted for casting (side margin view)


Annex D

Internal defects and their measurement

	Figure
	

	D.1
	Structural features and types of defects

	D.2
	Defects in multilayer ceramic capacitors

	D.3
	Rejectable criteria for end termination metallization defects

	D.4
	Void criteria
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	Figure D.1(Structural features and types of defects
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	Figure D.2a(Defects in multilayer ceramic capacitors
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	Figure D.2b(Defects in multilayer ceramic capacitors
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	Figure D.3(Rejectable criteria for end termination metallization defects
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	Figure D.4( Void criteria


Annex E

E.1(Sample DPA report forms __________________________

	DESTRUCTIVE PHYSICAL ANALYSIS REPORT

	
	Report no.
	
	

	
	
	
	

	Manufacturer
	
	Customer
	

	Manufacturer P/N
	
	Customer P/N
	

	Mfg. lot date code
	
	Purchase order no.
	

	Mfg. lot tracer no.
	
	Procurement sampling plan:
	Level:
	
	AQL:
	

	Lot or order quantity
	
	Sample size:
	
	Accept on
	
	Reject  on
	

	
	
	Total defectives
	

	

	THIS LOT IS
	
	Per EIA-469
	Inspected by:
	

	
	(write in "Acceptable or Rejectable"
)
	
	Certified by:
	

	Major cause, if rejectable:
	
	
	Title:
	

	Date
	
	
	
	
	
	

	

	SUPPLEMENTARY SAMPLE

	(Perform this only when apparent lead detachment is observed) (see 4.l).

	

	Lead attachment of this Lot is (satisfactory or unsatisfactory)
	

	

	NOTE—If unsatisfactory, the lot is rejectable at this point.  Indicate reason(s) below:

	

	Cracked solder joint or nonwetting
	
	
	Single solder void
	

	Encapsulant between lead and chip
	
	
	Multiple solder voids
	

	Lead head-to-chip (axial style only) solder fill less than 90%
	
	

	NOTES

	

	

	

	

	

	PHOTOS

	
	


E.2(DESTRUCTIVE PHYSICAL ANALYSIS REPORT

Report no: _____________

(For each criterion, enter the number accepted and number rejected)

	Topic
	
	No. accepted
	
	No rejected

	Delaminations (5.1.1)
	
	
	
	

	a. Single delamination (20% chip l or w, and (0.13 mm (0.005 in)

	
	
	
	

	b. Single delamination (0.13 mm (0.005 in) and (50% plate displacement



	
	
	
	

	c. Knitline delamination (20%, or reduces the end margin to less than that defined in 5.1.3 b)


	
	
	
	

	d. Any delamination in a side margin interface that reduces the side margin to less than that defined in 5.1.3 a)


	
	
	
	

	Dielectric voids (5.1.2)
	
	
	
	

	a.  A single or aggregate void reducing DT to < 50% of average nominal




	
	
	
	

	b.  Coverplate/side margin void/pinhole causing failure 5.1.3 criteria


	
	
	
	

	Margin defects (5.1.3)
	
	
	
	

	a.  Any side margin failing 5.1.3.a side margin minimum requirements
	
	
	
	

	b.  Any end margin which fails 5.1.3.b end margin minimum requirements
	
	
	
	

	c.  Any coverplate which fails 5.1.3.c coverplate minimum thickness
	
	
	
	

	Cracks in the ceramic  (5.1.4)
	
	
	
	

	a. Any crack in the dielectric of the active area
	
	
	
	

	b. Any crack in the enveloping ceramic margins/borders that reduces or has the potential to reduce effective margins to less than 5.1.3 requirements
	
	
	
	

	Dielectric nonuniformities (5.1.5)
	
	
	
	

	a. Active area DT reductions > 30% of the nominal or design thickness


	
	
	
	

	Electrode nonuniformities (5.1.6)
	
	
	
	

	a.  Electrode > 2.5 mean design thickness for > 50% electrode length

	
	
	
	

	b.  Abrupt electrode lump reducing adjacent dielectric thickness > 30%

	
	
	
	

	SMD end metallization defects (5.1.7)
	
	
	
	

	a.  A single primary end metallization void spanning > 35% of EST (See annex D.)
	
	
	
	

	b.  Any series of end metallization voids summing 50% of chip thickness
	
	
	
	

	c.  End metallization lift up >10% of total interface one chip end, section view.

	
	
	
	

	d.  Any lift up of side band metal, exclusive of plating overthrow
	
	
	
	

	Barrier layer defects (5.1.8) 
	
	
	
	

	a.  Barrier, where required, not verifiable as present.

	
	
	
	

	b.  Intermittent or discontinuous barrier layer coverage
	
	
	
	

	Solderable final layer defects
	
	
	
	

	a.  < 0.00254 mm (0.001 in) for > 20% of one end and side bands, inclusive
	
	
	
	

	b.  Definite detachment of solderable layer from the barrier layer
	
	
	
	

	Solder quality of lead attachment (5.1.10), Enter N/A if not applicable
	
	
	
	

	a.  A solder joint that fails 4.1.2c or 4.1.2d  (solder  void criteria)
	
	
	
	

	b.  An axially leaded part with < 90% solder fill (chip-to-nail head lead
	
	
	
	

	Enter total number or rejectable units
	
	
	
	

	

	Comments:
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