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8.3.68-2.6 Round or Flattened (Coined) Gull Wing L eads

| Table 8-6 Dimensional Criteria - Round or Flattened (Coined) Gull Wing Lead Features

Feature Dim. Class 1 ‘ Class 2 Class 3
Maximum Side Overhang A 50% (W) or 0.5 mm [0.02 in], whichever is less; | 25% (W) or 0.5 mm
Note 1 [0.02 in], whichever is

less; Note 1

Maximum Toe Overhang B Note 1

Minimum End Joint Width C Note 3 | 75% (W)

Minimum Side Joint Length D 100% (W) 150% (W)

Maximum Heel Fillet Height E Note 4

Minimum Heel Fillet Height F Note 3 | (G) +50% (T) Note 5 | (G) + (T) Note 5

Solder Thickness G Note 3

Formed Foot Length L Note 2

| [Minimum Side Joint Height Q Note 3 | (G) +50% (T)-e-W)

Thickness of Lead at Joint Side T Note 2

Flattened Lead Width or Diameter W Note 2

of Round Lead

Note 1. Does not violate minimum electrical clearance.

| Note 2. Unspeeified-dimension;-determined-by-design-Unspecified dimension, or variable in size as determined by design.

Note 3. Wetting is evident.
| Note 4. See 8.2.8.3.6.5

Note 5. In the case of a toe-down lead configuration, the minimum heel fillet height (F) extends at least to the mid-point of

the outside lead bend.

H 8.3.6.18-2.6-1 Round or Flattened (Coined) Gull Wing Leads, Side Overhang (A)

Figure 8-110 610D-08-096
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Target-Class 1, 2,3
e No side overhang.

Acceptable - Class 1, 2

o Side overhang (A) is not greater than 50% lead
width/diameter (W)_or 0.5 mm [0.02 in],
whichever is less..

Acceptable - Class 3

o  Side overhang (A) is not greater than 25% lead
width/diameter (W) or 0.5 mm [0.02 in],
whichever is less.

Defect - Class 1, 2

o Side overhang (A) is greater than 50% lead
width/diameter (W)_or 0.5 mm [0.02 in],
whichever is more..

Defect - Class 3

o Side overhang (A) is greater than 25% lead
width/diameter (W)_or 0.5 mm [0.02 in],
whichever is more..




Changes from Revision D to Revision E; references in the figure boxes refer to the source picture or indicate if a new picture is being used.

H 8.3.6.28-2.6-2 Round or Flattened (Coined) Gull Wing Leads, Toe Overhang (B)

Figure 8-111 610D-08-097 Acceptable - Class 1, 2, 3
e Toe overhang (B) is not specified.
e Does not violate minimum electrical clearance.

Defect - Class 1, 2, 3
e Toe overhang violates minimum electrical
clearance.

H 8.3.6.38-2:6-3 Round or Flattened (Coined) Gull Wing Leads, Minimum End Joint Width (C)

Figure 8-112 610D-08-098 Target-Class 1, 2,3
e End joint width (C) is equal to or greater than
lead width/diameter (W).

Acceptable - Class 1, 2
o  Wetted fillet is evident.

Acceptable - Class 3
o  End joint width (C) is minimum 75% lead
width/diameter (W).

Defect - Class 1, 2
¢ No evidence of wetted fillet.

Defect - Class 3
e Minimum end joint width (C) is less than 75%
lead width/diameter (W).

H 8.3.6.48-2.6-4 Round or Flattened (Coined) Gull Wing Leads, Minimum Side Joint Length (D)

Figure 8-113 610D-08-099 Acceptable - Class 1, 2
e Side joint length (D) is equal to lead
width/diameter (W).

Acceptable - Class 3
e Minimum side joint length (D) is equal to 150%
lead width/diameter (W).

Defect - Class 1, 2
e Side joint length (D) is less than lead
width/diameter (W).

Defect - Class 3

e Minimum side joint length (D) is less than 150%
the lead width/diameter (W).
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H 8.3.6.58-2.6:5 Round or Flattened (Coined) Gull Wing Leads, Maximum Heel Fillet Height (E)

In the following criteria, the words “plastic component” are used in the generic sense to differentiate between plastic
components and those made of other materials, e.g., ceramic/alumina or metal (normally hermetically sealed).

Figure 8-114 610D-08-100 Target—Class 1, 2, 3
e  Heel fillet extends above lead thickness but does
not fill upper lead bend.

e Solder does not contact the component body.

Acceptable - Class 1, 2, 3

e Solder touches the body of a plastic SOIC or SOT
component.

e Solder does not touch body of ceramic or metal
component.

Defect - Class 1
o A wetted fillet is not evident.

Acceptable — Class 1

Defect - Class 2, 3

o Solder touches the body of a plastic component,
except for SOICs and SOTs.

e Solder touches the body of ceramic or metal
component.

Defect - Class 1, 2, 3
o Solder is excessive so that the minimum electrical
clearance is violated.

H 8.3.6.68-2-6-6 Round or Flattened (Coined) Gull Wing L eads, Minimum Heel Fillet Height (F)

Acceptable - Class 1, 2, 3

o In the case of a toe-down configuration (not
shown), the minimum heel fillet height (F)
extends at least to the mid-point of the outside
lead bend.

Figure 8-115 610D-08-101 Acceptable - Class 1
e A wetted fillet is evident.

Acceptable - Class 2

e Minimum heel fillet height (F) is equal to solder
thickness (G) plus 50% thickness of lead at joint
side (T).

Acceptable - Class 3

e Minimum heel fillet height (F) is equal to solder
thickness (G) plus thickness of lead at joint side
(T).
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Defect - Class 1
o A wetted fillet is not evident.

Defect - Class 2

e Minimum heel fillet height (F) is less than solder
thickness (G) plus 50% thickness of lead at joint
side (T).

Defect - Class 3

e Minimum heel fillet height (F) is less than solder
thickness (G) plus thickness of lead at joint side
(T).

Defect-Class 1, 2, 3

o In the case of a toe-down configuration, the
minimum heel fillet height (F) does not extend at
least to the mid-point of the outside lead bend.

H 8.3.6.78-2.6-7 Round or Flattened (Coined) Gull Wing L eads, Solder Thickness (G)

Figure 8-116 610D-08-102

Acceptable - Class 1, 2, 3
e  Wetted fillet evident.

Defect —Class 1, 2, 3
e  No wetted fillet.

|| 8.3.6.88-2.6-8 Round or Flattened (Coined) Gull Wing Leads, Minimum Side Joint Height (Q)

Figure 8-117 610D-08-103 modified, changed

round lead Wto T

Acceptable - Class 1
o A wetted fillet is evident.

Acceptable - Class 2,3

e  Minimum side joint height (Q) is equal to or
greater than solder thickness (G) plus 50% diameter
lead thickness (T). (W)-efroundlead-or50%
thickness-ofHead-atjointside-(H-forecomed-lead

Defect - Class 1
o« A wetted fillet is not evident.

Defect - Class 2, 3
e Minimum side joint height (Q) is less than solder
thickness (G) plus 50% lead thickness

(T).diameter-(OW)-of round-Jead-or-50% thickness
elbend e ol D Do en el Lon
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H 8.3.6.98-2.6-9 Round or Flattened (Coined) Gull Wing L eads, Coplanarity

: Defect - Class 1, 2, 3
Figure 8-118 610D-08-104 ' 2
g e Component lead(s) out of alignment

(coplanarity) preventing the formation of an
acceptable solder connection.Onelead-or-series-of

Lemdeeneompenan b su s la i s and il
to-make-contactwith-the tand-

|[8.3.78.2.7 3 Leads

| Connections formed to leads having a J shape at the connection site shall meet the dimensional and fillet requirements listed
below for each product classification.

Table 8-7 Dimensional Criteria - ““J’’ Leads

Feature Dim. Class | ‘ Class 2 Class 3

Maximum Side Overhang A 50% (W) Note 1 25% (W) Note 1
Maximum Toe Overhang B Notes 1, 2
Minimum End Joint Width C 50% (W) | 75% (W)
Minimum Side Joint Length D Note 3 | 150% (W)
Maximum Fillet Height E Note 4

| [Minimum Heel Fillet Height F (G) + 50% (T) | (G) +(T)

| [Solder Thickness G Note 3

| Lead Thickness T Note 2
Lead Width W Note 2

Note 1. Does not violate minimum electrical clearance.

| Note 2. Unspecified dimension, or variable in size as determined by design.
Note 3. Wetting is evident.
Note 4. Solder does not touch package body.

H 8.3.7.18:2.7.1 J Leads, Side Overhang (A)

Figure 8-119 610D-08-105 Target-Class 1, 2,3
e No side overhang.

Figure 8-120 610D-08-106 Acceptable - Class 1, 2

e Side overhang (A) equal to or less than 50% lead
Figure 8-121 610D-08-107 width (W).
Figure 8-122 610D-08-108 Acceptable - Class 3

e Side overhang (A) equal to or less than 25% lead
Figure 8-123 610D-08-109 width (W).
Figure 8-124 610D-08-110 Defect - Class 1, 2

e Side overhang exceeds 50% lead width (W).

Defect - Class 3
o Side overhang exceeds 25% lead width (W).
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H 8.3.7.28.2.7.2 J Leads, Toe Overhang (B)|
Figure 8-125 610D-08-111 Acceptable - Class 1, 2, 3

e Toe overhang (B) is an unspecified parameter.

H 8.3.7.38.2.7.3 J Leads, End Joint Width (C)|

Figure 8-126 610D-08-112 Target-Class 1, 2, 3
e End joint width (C) is equal to or greater than lead
width (W).
Figure 8-127 610D-08-113 Acceptable - Class 1, 2

e Minimum end joint width (C) is 50% lead width (W).

Figure 8-128 610D-08-114 Acceptable - Class 3
e  Minimum end joint width (C) is 75% lead width (W).

Defect - Class 1, 2
e  Minimum end joint width (C) is less than 50% lead
width (W).

Defect - Class 3
e  Minimum end joint width (C) is less than 75% lead

width (W).
|| B3.7.48-2.7-4 3 Leads, Side Joint Length (D)
Figure 8-129 610D-08-115 Target-Class 1, 2, 3
e Side joint length (D) is greater than 200% lead width
(W).
Figure 8-130 610D-08-116 Acceptable - Class 1

o Wetted fillet.
Figure 8-131 610D-08-117 Acceptable - Class 2, 3
e Side joint length (D) >150% lead width (W).

Defect - Class 2, 3
e Side joint fillet (D) less than 150% lead width (W).

Defect-Class 1, 2, 3
e A wetted fillet is not evident.
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H 8.3.7.58.2.7.5 J Leads, Maximum Fillet Height (E)

Figure 8-132 610D-08-118 Acceptable - Class 1, 2, 3
o Solder fillet does not touch package body.

Figure 8-133 610D-08-119 Defect-Class 1, 2, 3
e Solder fillet touches package body.

H 8.3.7.68-2.7-6 J Leads, Minimum Heel Fillet Height (F)

Figure 8-134 610D-08-120 Target-Class 1, 2, 3

o Heel fillet height (F) exceeds lead thickness (T) plus
Figure 8-135 610D-08-121 solder thickness (G).
Figure 8-136 610D-08-122 Acceptable - Class 1, 2

o Heel fillet height (F) is minimum solder thickness (G)
plus 50% lead thickness (T).

Figure 8-137 610D-08-123 Acceptable - Class 3
o Heel fillet height (F) is at least lead thickness (T) plus
solder thickness (G).

Figure 8-138 610D-08-124 Defect - Class 1, 2, 3

e Heel fillet not wetted.

Defect - Class 1, 2
o Heel fillet height (F) less than solder thickness (G)
plus 50% lead thickness (T).

Defect - Class 3
o Heel fillet height (F) less than solder thickness (G)
plus lead thickness (T).

H 8.3.7.78:2.7-7 J Leads, Solder Thickness (G)

Figure 8-139 610D-08-125 Acceptable - Class 1, 2, 3
e  Wetted fillet evident.

Defect —Class 1, 2, 3
e No wetted fillet.
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H 18.3.7.88.2.7.8 SMT-Seldering-Anomalies] Leads - Coplanarity|

Figure 8-140 610D-08-126 Defect-Class 1, 2, 3
o  Component lead(s) out of alignment (coplanarity)

preventing the formation of an acceptable solder
connection. Sretessborsopme o Plende o eopiapent
- T { il | e
land:

|| B3.88-2.8 Butt/l Connectiong

| Connections formed to leads positioned perpendicular to a circuit land in a butt configuration sustshall meet dimensional
and solder fillet requirements in Table 8-8. Post assembly acceptability evaluations should consider the inherent limitation of
this component mounting technique to survive operational environments when compared to footed leads or through hole
mounting.

For Class 1 and 2 product, leads not having wettable sides by design (such as leads stamped or sheared from pre-plated stock)
are not required to have side fillets. However the design should permit easy inspection of wetting to the wettable surfaces.

Butt connections are not permitted for Class 3 products.

| Table 8-8 Dimensional Criteria — Butt/l Connections {NetAppli

Feature Dim. Class 1 Class 2
Maximum Side Overhang A 25% (W) Note 1 Not permitted
Toe Overhang B Not permitted
Minimum End Joint Width C 75% (W)
Minimum Side Joint Length D Note 2
Maximum Fillet Height E Note 4
Minimum Fillet Height F 0.5 mm [0.0197 in]]
Solder Thickness G Note 3
Lead Thickness T Note 2
Lead Width W Note 2

Note 1. Does not violate minimum electrical clearance.

| Note 2. Unspecified-dimension; determined by-design-Unspecified dimension, or variable in size as determined by design.
Note 3. Wetting is evident.

Note 4. Maximum fillet may extend into the bend radius. Solder does not touch package body.

|| 8.3.8.18.2.8-1 Butt/l Connections, Maximum Side Overhang (A)

Figure 8-141 610D-08-127 Target - Class 1, 2
e No side overhang.

Acceptable - Class 1
e Overhang (A) less than 25% lead width (W).

Defect - Class 1
e Overhang (A) exceeds 25% lead width (W).

Defect - Class 2
e Any side overhang (A).
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H 8.3.8.28.2.8-2 Butt/lI Connections, Maximum Toe Overhang (B)

Figure 12-142 610D-08-128 Defect - Class 1, 2
e Any toe overhang (B).

H 8.3.8.38-2.8-3 Butt/l Connections, Minimum End Joint Width (C)

Figure 8-143 610D-08-129 Target - Class 1, 2
o End joint width (C) is greaterthan-100% of lead
width (W).

Acceptable - Class 1, 2
e  End joint width (C) is minimum 75% lead width
(W).

Defect - Class 1, 2
e End joint width (C) is less than 75% lead width

(W).
H 8.3.8.48.2.8-4 Butt/l Connections, Minimum Side Joint Length (D)
Figure 8-144 610D-08-130 modified Acceptab|e -Class 1,2
e  Minimum side joint length (D) is not a specified
parameter.
H 8.3.8.58-2.8.5 Butt/l Connections, Maximum Fillet Height (E)
Figure 8-145 610D-08-131 Acceptable - Class 1, 2

o  Wetted fillet evident.

Defect - Class 1, 2
e No wetted fillet.
e Solder touches package body.

|| 8.3.8.68-2.8-6 Butt/lI Connections, Minimum Fillet Height (F)

Figure 8-146 610D-08-132 Acceptable - Class 1, 2
« Fillet height (F) is minimum 0.5 mm [0.02 in].

Defect - Class 1, 2
o  Fillet height (F) is less than 0.5 mm [0.02 in].
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H 8.3.8.78-2.8-7 Butt/l Connections, Solder Thickness (G)

Figure 8-147 610D-08-133 Acceptable - Class 1, 2
e Wetted fillet evident.

Defect — Class 1, 2
e No wetted fillet.

| 8.3.98-2.9 Flat Lug Leads

| Connections formed to the leads of power dissipating components with flat lug leads shall meet the dimensional
requirements of Table 8-9 and Figure 8-149. The design should permit easy inspection of wetting to the wettable surfaces.
Non-conformance to the requirements of Table 8-9 is a defect.

Table 8-9 Dimensional Criteria - Flat Lug Leads

Feature Dim. Class 1 Class 2 Class 3
Maximum Side Overhang A 50% (W) Note 1 25% (W) Note 1 Not permitted
Maximum Toe Overhang B Note 1 Not permitted

Minimum end Joint Width C 50% (W) 75% (W) | (W)
Longth Side Joint D Note 3 (L)-(M), Note*

Maximum Fillet Height E Note 2 @) —F[(g]&; 11n§) mm
Minimum Fillet Height F Note 3 (G)+(T)
Solder Fillet Thickness G Note 3

Lead Length L Note 2

Maximum Gap M Note 2

Land Width P Note 2

Lead Thickness T Note 2

Lead Width W Note 2

Note 1. Does not violate minimum electrical clearance.

Note 2. Unspecified parameter or variable in size as determined by design.

Note 3. Wetted fillet is evident.

Note 4. Where the lug is intended to be soldered beneath the component body and the land is designed for the purpose, the
lead show evidence of wetting in the gap M.

Figure 8-148 610D-08-134

Figure 8-149 610D-08-135

Figure 8-150 new Defect—Class 1,2, 3
e Side overhang does not meet Table 8-9.
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H 8.3.108:2:10 Tall Profile Components Having Bottom Only Terminations

Connections formed to the termination areas of tall profile components (component height is more than twice width or
thickness, whichever is less) having bottom only terminations smustshall meet the dimensional requirements of Table 8-10
and Figure 8-136151. Non-conformance to the requirements of Table 8-10 is a defect.

Table 8-10 Dimensional Criteria - Tall Profile Components Having Bottom Only Terminations

Feature Dim. Class 1 Class 2 Class 3
Maximum Side Overhang A 50% (W); Notes 1, 4 25% (W); Notes 1, 4 Not permitted; Notes 1, 4
Maximum End Overhang B Notes 1, 4 Not permitted
Minimum End Joint Width C 50% (W) 75% (W) W)
| Minimum Side Joint Length D Note 3 50% (S) 75% (S)
Solder Fillet Thickness G Note 3
| Termination/Plating Length R Note 2
| Land Length S Note 2
Termination Width \\ Note 2

Note 1. Does not violate minimum electrical clearance.

Note 2. Unspecified parameter or variable in size as determined by design.

Note 3. Wetting is evident.

Note 4. As a function of the component design, the termination may not extend to the component edge, and the component
body may overhang the PCB land area. The component solderable termination area does not overhang PCB land area.

Figure 8-151 this is now the same as modified 001e-7-012
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8.3.118-2-11 Inward Formed L-shaped Ribbon Leads

Connections formed to components having inward formed L-shaped lead terminations shall meet the dimensional and solder
fillet requirements of Table 8-11 and Figure 8-152. The design should permit easy inspection of wetting to the wettable
surfaces. Non-conformance to the requirements of Table 8-11 is a defect.

Table 8-11 Dimensional Criteria - Inward Formed L-shaped Ribbon Leads®

Feature Dim. Class 1 | Class 2 Class 3

Maximum Side Overhang A 50% (W) Notes 1, 5 25% (W) or 25% (P)
whichever is less; Notes 1, 5
Maximum Toe Overhang B Note 1 | Note | Netpermitted Note | Netpermitted
Minimum end Joint Width C 50% (W) 75% (W) or 75% (P),
whichever is less
Minimum Side Joint Length D Note 3 | 50% (L) 75% (L)
Maximum Fillet Height E (H) + (G) Note"
Minimum Fillet Height, F Wetting is evidenton | (G) +25% (H) or (G) + 0.5 mm [0.0197 in], whichever is
Notes 5,6 the vertical surface(s) less
of the component
termination.

Solder Fillet Thickness G Note 3
Lead Height H Note 2
Land Extension K Note 2
Lead Length L Note 2
Land Width P Note 2
Land Length S Note 2
Lead Width W Note 2

Note 1. Does not violate minimum electrical clearance.
Note 2. Unspecified parameter or variable in size as determined by design.

Note 3. Wetting is evident.

Note 4. Solder does not contact the component body on the inside of the lead bend.
Note 5. Where a lead has two prongs, the joint to each prong is to meet all the specified requirements.
Note 6. Designs with via in land may preclude meeting these criteria. Solder acceptance criteria should be defined between

the user and the manufacturer.

Figure 8-152 610D-08-137 modified L AND D SAME
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Figure 8-153 610D-08-138

Figure 8-154 new

Figure 8-155 610D-08-140

Figure 8-156 new

Changes from Revision D to Revision E; references in the figure
boxes refer to the source picture or indicate if a new picture is
being used.

Examples of inward formed L-shaped ribbon lead
components.

Defect - Class 1,2,3

o Insufficient fillet height.

o Insufficient end joint width (component turned on
side, Figure 8-156). <missing close paren>

8.3.128.2.12 Surface Mount Area Array

A-BGA-Area array criteriaes defined herein assumes an inspectidn process is established to determine compliance for both
X-Ray and normal visual inspection processes. To a limited extent, this may involve visual assessment, but more commonly
requires evaluation of X-Ray images to allow assessment of characteristics that cannot be accomplished by normal visual

means.

Process development and control is essential for continued success of assembly methods and implementation of materials.
Non-conformance to the requirements of Tables 8-12, 13, and 14|@ is-a-defects when visual inspection or X-Ray inspection
is performed to verify product acceptance. Process validation can be used in lieu of X-ray/visual inspection provided
objective evidence of compliance is available.

BGA-Area array process guidance is provided in IPC-7095, whicl‘n contains recommendations, based from extensive

discussion of BGA-process development issues.

Note: X-ray equipment not intended for electronic assemblies or hot properly set up can damage sensitive components.

Visual inspection requirements:

e  When visual inspection is the method used to verify product acceptance the magnification levels of Table 1-2 apply.
e  The solder terminations on the outside row (perimeter) of th4 BGA-area array component should be visually inspected

whenever practical.

e  The area array component BGA-needs to align in both X & Y directions with the corner markers on the PCB (if present).
e Absence of area array component leads, e.g. BGA-solder balls{s} or columns, are defects unless specified by design.

Table 8-12 Dimensional Criteria - Surface-Mount-Area-Array-Features Ball Grid Array Components with Collapsing

Balls

Feature Clause Classes 1,2,3
Alignment 82.8.3.12.1 Solder ball offset does not violate minimum electrical clearance.
Solder Ball Spacing 82.8.3.12.2 Solder ball offset does not violate minimum electrical clearance.
Soldered Connection 82.8.3.12.3 No solder bridging; BGA solder balls contact and wet to the land

forming a continuous elliptical round or pillar connection.

Voids 82-8.3.12.4 25% or less voiding a-of any ball in the x-ray image area.'”
Under-fill or staking material 82.8.3.12.5 Required underfill or staking material is present and completely cured.

1. Design induced voids, e.g. microvia in land, are excluded from this criteria. In such cases acceptance criteria shall st
need-te-be established between the manufacturer and user.
2. Manufacturers may use test or analysis to develop alternate acceptance criteria for voiding that consider the end-use

environment.
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Table 8-13 Ball Grid Array Components with Noncollapsing Balls

Feature

Classes 1,2,3

Alignment

Solder ball offset does not violate minimum electrical clearance.

Soldered Connection

a. Solder connections meet the criteria of 8.3.12.3
b. Solder is wetted to the solder balls and land terminations.

Under-fill or staking material

Required underfill or staking material is present and completely cured.

Table 8-14 — Column Grid Array

Feature Class 1 Classes 2,3
Alignment Column offset does not violate Column perimeter does
minimum electrical clearance. not extend beyond the
perimeter of the land.

Solder connections

Meet the criteria of 8.3.12.3
External columns show complete filleting for the portions of the
columns that are visible

Under-fill or staking material

Required underfill or staking material is present and completely
cured.

|| 8.3.12.18-2-12-1 Surface Mount A

rea Array - Alignment

Figure 8-157 610D-08-141

Target-Class 1, 2, 3
e Placement of the BGA solder ball is centered and
shows no offset of the ball to land centers.

Defect—Class 1, 2, 3
Solder ball offset violates minimum electrical
clearance.

|| 8.3.12.28-2.12.2 Surface Mount A

rea Array - Solder Ball Spacing

Figure 8-158 610D-08-142

Acceptable - Class 1, 2, 3
e BGA Solder balls do not violate minimum
electrical clearance (C).

Defect — Class 1, 2, 3
e  BGA solder ball spacing violates minimum
electrical clearance.

8.3.12.38-2-12.3 Surface Mount A

rea Array - Solder Connections

Target-Class 1, 2,3
e  The BGA solder ball terminations are uniform in
size and shape.

Acceptable - Class 1, 2, 3

e No solder bridging.

e  BGA solder balls contact and wet to the land
forming a continuous elliptical round or pillar
connection, Figures 8-157, 158.
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| Process Indicator — Class 2, 3
e  BGA solder ball terminations are not uniform in
size, shape, coloration, and color contrast.

Defect —Class 1, 2, 3

Figure 8-159 610D-8-143
g e Visual or x-ray evidence of solder bridging

Figure 8-160 610D-8-144 | (Figure 8-144159). S
e A “waist” in the solder connection indicating that
Figure 8-161 610D-8-145 the solder ball and the attaching solder paste did
| not flow together (Figure 8-145160).
Figure 8-162 610D-8-146 ¢ Incomplete wetting to the land.
o BGA solder ball terminations have incomplete
Figure 8-163 new reflow of the solder paste (Figure 8-146161).

e  Fractured solder connection (Figure 8-147162).
e  Ball is not wetted to solder (head in pillow/head
on pillow), Figure 8-163 arrow.

8.3.12.48-212:4 Surface Mount Area Array - Voids |

Design induced voids, e.g. microvia in land, are excluded from this crjiteria. In such cases acceptance criteria shall be
established between the manufacturer and user.

Manufacturers may use test or analysis to develop alternate acceptance criteria for voiding that consider the end-use
environment.

Acceptable - Class 1, 2, 3
e 25% or less voiding of the ball x-ray image area.

Defect - Class 1, 2, 3
e  More than 25% voiding in the ball x-ray image
area.

8.3.12.58.2.12.5 Surface Mount Area Array — Underfill/Staking

Acceptable - Class 1, 2, 3
e Required underfill or staking material is present.
e  Underfill or staking material completely cured.

Defect - Class 1, 2, 3

e  Missing or incomplete underfill or staking
material when required.

e  Underfill or staking material outside required
areas.

e  Underfill or staking material not fully cured.
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8.3.12.6 Surface Mount Area Array — Package on Package

Additional guidance for package on package assembly processes is available in Bob Willis Package on Package (PoP)
STACK Package Assembly.

Figure 8-164 new Acceptable — Class 1, 2, 3
e Components aligned to markings on the PCB if
Figure 8-165 new provided, Figure 8-164.

o Ball to land alignment conforms to 8.3.12.1.
e  Solder connections conform to 8.3.12.3, Figure

8-164, and have reflowed showing wetting to the
lands on all package levels.

e Package warping or distortion does not interfere
with alignment or the formation of solder

connections.

Figure 8-166 new Defect —Class 1, 2, 3

e Ball to land alignment does not conform to
Figure 8-167 new 8.3.12.1.

e Solder connections do not conform to 8.3.12.3.
Figure 8-168 new Figure 8-166 shows wetting only to middle ball.

e Missing solder ball(s), Figure 8-166.
Figure 8-169 new e Package warping or distortion interferes with

alignment or the formation of solder
connections, Figures 8-168, 169.

H 8.3.138-2.13 Plastic Quad-FlatPack-No-Leads{PQFN) Bottom Termination Components (BTC)

Some other names for these devices are Quad Flat Pack (QFN), Plastic Quad Flat Pack (PQFN), Microlead Packages, Bettom
Fermination-Components{BTC). [ eadless Plastic Chip Carriers (LPCC), and Quad Flat Pack No-Lead Exposed Pad (QFN-
EP). Non-conformance to the requirements of Table 8-15 is a defect.

Bottom Termination Component (BTC) process guidance is provided in IPC-7093, which contains recommendations
developed from extensive discussion of BTC process development issues.

Process development and control is essential for continued success of assembly methods and implementation of materials.
Process validation and control can be used in lieu of X-ray/visual inspection provided objective evidence of compliance is
available.
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Table 8-158-13 Dimensional Criteria — PQFNBTC

Feature Dim. Class 1 Class 2 | Class 3
Maximum Side Overhang A 50% W, Note 1 25% W, Note 1
Toe overhang (outside edge of component B Not permitted
termination)
Minimum End Joint Width C 50% W | 75% W
Minimum Side Joint Length D Note 4
Solder Fillet Thickness G Note 3
Minimum Toe (End) Fillet Height F Notes 2, 5
Termination Height H Note 5
Solder coverage of thermal padland Note 4
Land Width P Note 2
Termination Width W Note 2
Thermal Plane Void Criteria Note 6

Note 1. Does not violate minimum electrical clearance.

Note 2. Unspecified parameter or variable in size as determined by design.

Note 3. Wetting is evident.

Note 4. Not a V1sua11y 1nspectable attrlbute

Note 5. 4 - “‘H>’ = height of solderable surface
of lead, if present. Some package conﬁguratlons do not have a contmuous solderable surface on the sides and do not require a

toe (end) fillet.

Note 6. Acceptance criteria will need to be established between the manufacturer and user.

Figure 8-170 610D-08-147

Figure 8-171 610D-08-148

There are some package configurations that have no toe exposed or do not have a continuous solderable surface on the
exposed toe on the exterior of the package (Figure 8-172 arrows) and a toe fillet will not form, see Figures 8-173 and 8-174.
Figure 8-172 610D-08-149

Figure 8-173 610D-08-150

Figure 8-174 610D-08-151

8.3.148:2.14 Components with Bottom Thermal Plane Terminations

These criteria are specific to_any leaded or leadless packages that employs a soldered bottom thermal plane. One such
example, shown here, is the ;-sueh-as-D-PakTO-252 (D-Pak-™). Non-conformance to the requirements of Table 8-16 is a
defect.

Criteria for non-visible thermal plane solder connections are not described in this document and shall willneed-to-be
established by agreement between the user and the manufacturer. The thermal transfer plane acceptance criteria are design
and process related. Issues to consider include but are not limited to component manufacturer’s application notes, solder
coverage, voids, solder height, etc. When soldering these types of components voiding in the thermal plane is common.
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Table 8-168-14 Dimensional Criteria — Bottom Thermal Plane Terminations

Feature (all connections except thermal | Dim. Class 1 Class 2 Class 3
plane)
Maximum Side Overhang A
Toe overhang-(eutside-edge-ofcomponent B
tef.m.maﬂeﬂa - - The mounting and solder requirements for SMT terminations
Minimum End Joint Width C . T -
— - - shall meet the criteria for the type of lead termination being
Minimum Side Joint Length D used.
Maximum Heel Fillet Height E -
Minimum Heel Fillet Height F
Solder Fillet Thickness G
Feature (only for the thermal plane Class 1, 2, 3
connection)
Thermal Plane Side Overhang (Figure 8- Not greater than 25% of termination width.
153176)
Thermal Plane End Overhang No overhang
Thermal Plane End Joint Width 100% wetting to land in the end-joint contact area.
Thermal Plane Void Criteria Note 1.

Note 1. Acceptance criteria will need to be established between the manufacturer and user.

Figure 8-175 new

Figure 8-176 610D-08-152 Target—Class 1, 2, 3
e No thermal plane side overhang.
e  Thermal plane termination edges have 100%

wetting.

Figure 8-177 610D-08-153 Acceptable - Class 1, 2, 3

e  Thermal plane termination (A) side overhang is
not greater than 25% of termination width.

e End joint width of the thermal plane end
termination has 100% wetting to land in the

contact area.

Defect-Class 1, 2, 3

e Side overhang of thermal plane termination is
greater than 25% of termination width.

e End of thermal plane termination overhangs
land.

e End joint width of the thermal plane end
termination has less than 100% wetting to land in
the contact area.
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8.3.15 Flattened Post Connections

This termination style is sometimes referred to as nail-head pin.

Criteria have not been established for Class 3 for this termination style. Process development and control is essential for
continued success of assembly methods and implementation of materials.

Non-conformance to the requirements of Table 8-17 is a defect.

Table 8-17 Dimensional Criteria Flattened Post Connections

Feature Classl Class 2 Class 3

Maximum Termination 75% Termination 50 % Termination

Overhang, Square Solder Land Width (W), Notes 1, Width (W), Notes 1,
2 2

Maximum Termination 50 % Termination 25 % Termination Criteria not

Overhang, Round Solder Land Width (W), Notes 1, Width (W), Notes 1, established
2 2

Maximum Fillet Height Note 4

Minimum Fillet Height Note 3

Note 1 Does not violate minimum electrical clearance

Note 2 Lead diameter is less than diameter or side length of the solder land
Note 3 Wetting is evident

Note 4 Solder does not touch package body.

8.3.15.1 Flattened Post Connections, Maximum Termination Overhang — Square Solder Land

TargetClass 1, 2
e No overhang

Acceptable Class 1
e Overhang less than 75 %

Acceptable Class 2
e Overhang less than 50 %

Defect Class 1
e Overhang exceeds 75 %

Defect Class 2
e Overhang exceeds 50 %
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8.3.15.2 Flattened Post Connections, Maximum Termination Overhang — Round Solder Land

Figure 8-178 new Target Class 1, 2
e No overhang

Acceptable Class 1
e Overhang less than 50 %

Acceptable Class 2
e Overhang less than 25 %

Figure 8-179 new Defect Class 1
e Overhang exceeds 50 %

Defect Class 2
e Overhang exceeds 25 %

8.3.15.3 Flattened Post Connections, Maximum Fillet Height (E)

Acceptable -Class 1, 2
o Wetted fillet evident

Defect —Class 1, 2
e No wetted fillet
e  Solder touches package body

8.4 Specialized SMT Terminations

The IPC committee that maintains this standard has received requests to include a number of specialized SMT termination styles
such as shown in Figures 8-180, 8-181 and 8-182. Often these termination styles are unique to a particular component or are
specially made for a limited number of users. Before acceptance criteria can be developed there needs to be significant use so that

a history of failure data can be captured from multiple users. Clause 1.4.1.7 of this standard is repeated here.

1.4.1.7 Specialized Designs IPC-A-610, as an industry consensus document, cannot address all of the
possible components and product design combinations. Where uncommon or specialized technologies are
used, it may be necessary to develop unigue acceptance criteria. However, where similar characteristics
exist, this document may provide guidance for product acceptance criteria. Often, unique definition is
necessary to consider the specialized characteristics while considering product performance criteria. The
development should include customer involvement or consent and for Class 3 the criteria shall include
agreed definition of product acceptance.

Whenever possible these criteria should be submitted to the IPC Technical Committee to be considered for
inclusion in upcoming revisions of this standard.

Figure 8-180 new
Figure 8-181 new

Figure 8-182 new
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| 8.5 Surface Mount Connectors

These criteria apply to soldered connectors. For connector damage criteria see 9.5. The mounting and solder requirements for
SMT connectors shall meet the criteria for the type of lead termination being used. There are no illustrations for these criteria.

Target-Class 1, 2, 3
e Connector is flush with board.

Acceptable - Class 1, 2, 3

e Back edge of connector is flush; entering edge of
connector does not violate component height.

e Board lock is fully inserted/snapped through the
board.

e Any tilt, provided:
e Maximum height requirements are not exceeded.
e Mates correctly.

Defect - Class 1, 2, 3

e Will not mate when used in application due to angle.
e Component violates height requirements.

e Boardlock is not fully inserted/snapped into board.

Note: Connectors need to meet form, fit and function
requirements. A trial mating of connector to connector or
to assembly may be required for final acceptance.

\ 8.611-2 Jumper Wires

These criteria do not constitute authority for repair to assemblies without prior customer consent; see 1.1. This section
establishes visual acceptability criteria for the installation of discrete wires (jumper wires, haywires, etc.) used to interconnect
components where there is no continuous printed circuit.

The requirements relative to wire type, wire routing, staking and soldering requirements are the same for both haywires and
jumper wires. For the sake of simplicity only the more common term, jumper wires, is used in this section; however these
requirements would apply to both haywires and jumper wires.

Information concerning rework and repair can be found in IPC-7711/7721.

The following items are addressed:

e  Wire selection; see 7.5.1

e  Wire routing; see 7.5.2

e Adhesive staking of wire, see 7.5.3

e  Solder termination, see 7.5.4 for through-hole jumper wire criteria, and 8.6.1 for SMT jumper wire criteria

They may be terminated in plated holes, and/or to terminal standoffs, conductor lands, and component leads.

Jumper wires are considered as components and are covered by an engineering instruction document for routing, termination,
staking and wire type.

Keep jumper wires as short as practical and unless otherwise documented do not route over or under other replaceable
components. Design constraints such as real estate availability and minimum electrical clearance need to be taken into
consideration when routing or staking wires. A jumper wire 25 mm [0.984 in] maximum in length whose path does not pass
over conductive areas and do not violate the designed spacing requirements may be uninsulated. Insulation, when required on
the jumper wires, needs-toshall be compatible with conformal coating when conformal coating is required.

8-48



Changes from Revision D to Revision E; references in the figure boxes refer to the source picture or indicate if a new picture is being used.

H 8.6.141-2-5 Jumper Wires — SMT

There is no adhesive on component bodies, leads or lands. Adhesive deposits do not obscure or interfere with solder
connections.

For all lap solder connections described in this section the following conditions are acceptable:

e Insulation clearance does not permit shorting to noncommon conductors or violate minimum electrical clearance.
Evidence of wetting of jumper wire and lead_or the /land.

Wire contour or end is discernible in the solder connection.

No fractures in solder connection.

Wire overhang does not violate minimum electrical clearance.

Note: For applications of high frequency, i.e., RF, leads extending above the knee of the component could present problems.

” 8.6.1.111.2.5:.1 Jumper Wires - SMT - Chip and Cylindrical End Cap Components

Target-Class 1, 2, 3

e Lead is positioned parallel to longest dimension
of the land.

e  Solder fillet length equal to land width (P).

Acceptable - Class 1,2,3

e  Wire to component termination-land solder
connection_length is at least 50% of land width
(P) or twice the conductor diameter, whichever is
greater.

Figure 8-183 610D-11-043

Defect - Class 1,2,3

e  Wire to component termination-land solder
connection length is less than 50% of land width
(P)_or twice the conductor diameter, whichever is
greater.

e  Wire soldered on top of chip component
termination.

8.6.1.2241.2.5.2 Jumper Wires - SMT - Gull Wing

These criteria are applicable to jumpers attached to leads. See +4-2.5-58.6.1.5 for jumpers attached to lands.

Figure 8-184 610D-11-044 Acceptable - Class 1,2,3
Mini leneth of the wi leadland interf
Figure 8-185 610D-11-045 selder-connectionis /5% of the length-(b)-(from
coeo s ltlasd e nse i landy

o Wire length and solder wetting are equal to or
greater than 75% from edge of land to knee of
lead (L).

e The wire end does not extend past the lead knee
bend.

e Wire does not violate minimum electrical
clearance.
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Figure 8-186 610D-11-046 Defect - Class 1,23

eFractured-solderconneection:
_ e \ A
Figure 8-187610D-11-047 less-than 75% of (L). Wire length and solder

wetting is less than 75% from edge of land to
knee of lead (L).

e  Wire end extends past knee of bend.

e  Wire violates minimum electrical clearance.

| 8.6.1.331:2.5:3 Jumper Wires - SMT - J Lead

These criteria are applicable to jumpers attached to leads. See 11-2.5-48.6.1.54 for jumpers attached to lands.

Figure 8-188 610D-11-048 Target-Class 1, 2, 3
e  Wire to lead-land interface solder connection is
equal to (L).

Acceptable - Class 1,2,3
Lo

e  Wire length and solder wetting is equal to or
more than 75% height of the J-lead (L).

e The wire end does not extend past the knee of
the component lead.

Defect - Class 1,2,3

e  Wire length and solder wetting is less than 75%
height of the J-lead (L).

Wi leadtand i : 1 o i ]

B e

e The wire end extends past the knee of the
component lead.

e  Wire violates minimum electrical clearance.
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8.6.1.421.2.5-4 Jumper Wires - SMT — Castellations

These criteria are applicable to jumpers attached to castellationsleads. See 11-2.5-58.6.1.5 for jumpers attached to lands.

Acceptable - Class 1,2,3

e Wire length and solder wetting is at least 75%
top of land to top of castellation.

e Wire is placed against the back of the
castellation.

e Wire does not extend above the top of the
castellation.

Figure 8-189

Defect - Class 1,2,3

e Wire length and solder wetting is less than 75%
top of land to top of castellation.

e Wire end extends past top of castellation.

e Wire violates minimum electrical clearance.

8.6.1.511-2.5:4 Jumper Wires - SMT - Vacant-Land

These criteria are applicable to vacant lands or lands with leads attached.

Figure 8-190 610D-11-049 Target-Class 1, 2, 3
e Lead is positioned parallel to longest dimension
of the land.

e Lead length and solder fillet equal to (P).

Acceptable - Class 1,2,3
o | - . | and :

celdessonpenion b SO o Di e I

e  For a land width (P) that is 6 mm (0.236 in) or
larger, the wire to lead-land interface is at least 2
wire diameters.

e  For a land width (P) less than 6 mm (0.236 in),
the wire to lead-land interface is at least 50% of
the land width or 2 wire diameter whichever is

greater.

Defect - Class 1,2,3
. | and : 4 on ] ]

e  For a land width (P) that is 6 mm (0.236 in) or
larger, the wire to lead-land interface is less than
2 wire diameter.

e  For a land width (P) less than 6 mm (0.236 in),
the wire to lead-land interface is less than 50% of
the land width or 2 wire diameter whichever is

greater.
e  Wire violates minimum electrical clearance.
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\ 9 Component Damage

The following topics are addressed in this section:

9 Component Damage

9.1 Loss of Metallization-&-Leaching
9.2 Chip Resistor Element

9.3 Leaded/Leadless Devices

9.4 Ceramic Chip Capacitors

9.5 Connectors

9.6 Relays

9.7 Transformer Core Damage

9.8 Connectors, Handles, Extractors, Latches
9.9 Edge Connector Pins

9.10 Press Fit Pins

9.11 Backplane Connector Pins

9.12 Heat Sink Hardware

9.1 Loss of Metallization-&Leaching

610D-09-001 Moved to defect
Figure 9-1 610D-09-002

Figure 9-2 610D-09-003

Figure 9-3 610D-09-001
Figure 9-4 610D-09-004
Figure 9-5 610D-09-005

Figure 9-6 610D-09-006

Acceptable - Class 1, 2, 3
i i ]
Leaching-(Figures9 % 2)-on-any-eage-less-than 25. glé of

o Metallization loss on any termination side (not the
end face) of a five-sided termination component, up
to 25% of the component width (W) or the
component thickness (T).

o Maximum of 50% of metallization loss of top
metallization area (for each terminal end)_of a three-
sided termination component, Figures 9-1, 2:3.

Defect - Class 1, 2, 3

o Metallization loss on the terminal end face exposing
the ceramic, Figure 9-3(1).

o Metallization loss on any termination side (not the
end face) on a five-sided termination component
greater than 25% of component width (W) or
component thickness (T), Figures 9-4 and 9-5.

Hization ] | F i
and-9-6:

o Metallization loss greater than 50% of the top area on
a three-sided termination component, Figures 9-5 and
9-6.

« lrregular shapes exceeding maximum or minimum

dimensions for that component type..Figures9-2-9-3
and-9-6:
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9.2 Chip Resistor Element

Figure 9-7 610D-09-007

Figure 9-8 NEW

Acceptable - Class 1, 2, 3

« For chip resistors, any chip-out (nick) of the top
surface (adhesive coating) of 1206 and larger
component is less than 0.25 mm [0.00984 in] from the
edge of the component.

« No damage to the resistive element in area B.

Defect - Class 1,2,3
o Any chip-outs in resistive elements.

9.3 Leaded/Leadless Devices

These criteria are applicable to leaded and leadless devices.

Figure 9-9 610D-09-008

Figure 9-10 610D-09-009

Figure 9-11 610D-09-010

9-2

Target-Class 1, 2,3

e  Finish not damaged.

e Component bodies are free of scratches, cracks,
chips, and crazing.

o ID markings are legible.

Acceptable - Class 1, 2, 3
HRCesraseRoRsbsiin s e o oo

e Chips or scratches that do not expose the component
substrate or active element, or affect structural
integrity, form, fit, or function.

e Chips or cracks in component meniscus that do not
expose the component substrate or active element, or
affect structural integrity, form, fit, or function.

e  Structural integrity is not compromised.

e No evidence of cracks or damage to the lid or lead
seals of a component.

e Dents, scratches do not affect form, fit & function
and do not exceed manufacturer’s specifications.

e No burned, charred components.




Figure 9-12 610D-9-11
Figure 9-13 new
Figure 9-14 new

Figure 9-15 610D-09-013

Figure 9-16 610D-09-014
Figure 9-17 610D-09-015
Figure 9-18 610D-09-016
Figure 9-19 610D-09-017
Figure 9-20 610D-09-020
Figure 9-21 610D-09-018
Figure 9-22 610D-09-019
Figure 9-23 NEW

Figure 9-24 NEW

Figure 9-25 NEW

Figure 9-26 NEW

Changes from Revision D to Revision E; references in the figure
boxes refer to the source picture or indicate if a new picture is
being used.

Acceptable - Class 1
Process Indicator - Class 2, 3
e Indentations or chipouts on plastic body components
do not enter lead seal or lid seals or expose an
internal functional element, Figures 9-12, 13, 14.
e Component damage has not removed required
identification.
e Component insulation/sleeving has damage provided
that:
— Damaged area shows no evidence of increasing,
e.g. rounded edges of the damage with no
cracks, sharp corners, brittle material from heat
damage, etc., Figures 9-13, 14.
— Exposed component conductive surface provides
no danger of shorting to adjacent components or
circuitry, Figure 9-15.

Defect - Class 1, 2, 3
e Chip out or crack that enters into the seal, Figure 9-

16.
e There are cracks leading from the chipout on a
ceramic body component, Figure 9-16.

e Chip or crack that exposes the component substrate
or active element, or affects hermeticity, integrity,
form, fit, or function; Figures 9-17, 18, 19, 20.;-2%

| ks loading £ . i
body-compenentFigure-9-16.<moved up>

e Chips or cracks in glass body, Figures 9-21, 22.

e Cracked or damaged glass bead beyond part
specification (not shown).

e Required identification is missing due to component
damage, Figure 9-23.

e The insulating eovercoating is damaged to the extent
that the internal functional element is exposed or the
component shape is deformed_(not shown).; Figure-9-
16.

e Damaged area shows evidence of increasing, e.q
from cracks, sharp corners, brittle material from heat,
etc., Figure 9-24.

e Damage permits potential shorting to adjacent
components or circuitry.

e Flaking, peeling, or blistering of plating.
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e Burned, charred components (the charred surface on
a component has black, dark brown appearance due
to excessive heat), Figure 9-25.

e Dents, scratches in the component body that affect
form, fit & function or exceed component
manufacturer’s specifications, not shown.

e Cracks in shield material, Figure 9-26.

9.4 Ceramic Chip Sempenent-Capacitors

Figure 9-27 610D-09-021

Figure 9-28 610D-09-022

Figure 9-29 610D-09-023
Figure 9-30 610D-09-024
Figure 9-31 new

Figure 9-32 610D-09-026

Figure 9-33 610D-09-028

Target-Class 1, 2,3
o No nicks, cracks, or stress fractures.

Acceptable - Class 1, 2
« Nicks or chip-outs not greater than dimensions stated
in Table 9-1, each considered separately.

Table 9-1 Chip-Out Criteria

(M 25% of the thickness
(W) 25% of the width
(L) 50% of the length

Acceptable - Class 1, 2, 3
o Component color change due to thermal exposure in
the reflow process.

Defect - Class 1, 2, 3

deeres 02227

N el - | _

o Any nick or chip-out in the termination area, or
exposing an electrode.

[ ] G%KSW i i i
components:

e Any cracks or stress fractures.

« Damage in excess of Table 9-1.
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9.5 Connectors

These criteria cover the plastic molded housings/shrouds which are used primarily as a guide for the mating connector.

Connector pins are typically held by interference fit in a housing—TFhe-cennectoris-inserted-inte-a-PCB-and-shroudsmay-be
installed-en-thereverse-side-of the-connectorpins-if-required: Visual inspection of housings and shrouds includes physical

damage such as cracks and deformation.

Figure 9-34 610D-09-029

Figure 9-35 610D-09-031

Figure 9-36 NEW

Figure 9-37 610D-09-032

9-5

Target-Class 1, 2,3

e No discernable physical damage.

e No burrs on housing/shroud.

e No cracks in housing/shroud.

e Connector/header pins are straight.

Acceptable - Class 1, 2, 3
e Burrs on housing but still attached (have not broken

loose) and do not affect form, fit or function.

e Cracks in noncritical areas (do not impact integrity of
the housing/shroud).

e Minor scratches, chips, or thermal deformation that
do not compromise protection of the contacts or
interfere with proper mating.

e Pins are bent off center by 25% pin
thickness/diameter or less.

Defect-Class 1, 2, 3

e  Burrs, cracks or other deformations that impact the
mechanical integrity or functionality of the housing.

e Pins are bent off center by more than 25% pin
thickness/diameter.

Acceptable - Class 1, 2, 3

e No evidence of burn or char.

e Minor chips, scrapes, scratches or melting that does
not affect form, fit or function.

Process Indicator - Class 2, 3
e Slight discoloration.
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Defect - Class 1, 2, 3

Figure 9-38 610D-09-033 e Evidence of burning or charring.
) e Changes in shape, chips, scrapes, scratches, melting
Figure 9-39 NEW or other damage that affect form, fit or function.
H 9.6 Relays

Acceptable — Class 1, 2, 3
e Minor scratches, cuts, chips, or other imperfections that
do not penetrate the case or affect the seal (not shown).

Figure 9-40 new Defect - Class 1, 2, 3

e Scratches, cuts, chips, or other imperfections that
penetrate the case or affect the seal.

e The case is bulging or swollen.

‘ 9.¥ Transformer Core Damage

: _ Acceptable — Class 1, 2, 3
Figure 9-41 new e Chips and/or scratches on exterior edges of core
are permissible, providing they do not extend into
core mating surfaces and do not exceed 1/2 the
thickness of the core.

Defect —Class 1, 2, 3
e Chip in the core material is located on mating

surface (arrow).
e Chip extending greater than 50% of the core
thickness.

e Cracks in the core material.

Figure 9-42 new

9.84.2 Connectors, Handles, Extractors, Latches

This section shows some of the many different types of hardware mounted devices, e.g. connectors, handles, extractors and
plastic molded parts.-These devices need-to-be visually- inspected-for cracks-and-damage:

Figure 9-43 610D Figure 4-14 Target-Class1,2,3 .
o No damage to part, printed board or securing

hardware (rivets, screws, etc.).

Figure 9-44 610D Figure 4-15 Acceptable - Class 1
e  Cracks in the mounted part extend no more than

50% of the distance between a mounting hole and
a formed edge.
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Defect - Class 1

e  Cracks in the mounted part extend more than 50%
of the distance between a mounting hole and a
formed edge.

Defect - Class 2, 3
| e  Cracks in meunting-mounted part.

Defect - Class 1, 2, 3
e Crack connects a mounting hole to an edge.
e Damage/stress to connector lead pins.

9.94.3:1 CennectorPins—Edge Connector Pins

Acceptable - Class 1, 2, 3
e Contact is not broken or twisted.

Figure 9-45 new Defect - Class 1, 2, 3
e Contacts are twisted or otherwise deformed (A).
e Contact is broken (B).

9.104-3-2- Connector-Pins— Press Fit Pins

Defect - Class 1, 2, 3

Figure 9-46 610D-04-023 o Damaged pin as a result of handling or insertion.

. e Twisted.
Figure 9-47 610D-04-025 e  Mushroomed.
. e Bent.
Figure 9-48 610D-04-26 o Exposed basis metal.
e Burr.

Defect-Class1-2-3<combined above>

Defect-Class 12,3
oBurr

| 9.114.3.3 CennectorPins—Backplanes Connector Pins

) Acceptable - Class 1, 2, 3
Figure 9-49 610D-04-032 | Chip on non-mating surface of separable connector
pin.

¢ Burnish on mating surface of separable connector
pin, providing that plating has not been removed.

o/ Chip that encroaches the mating surface of separable
connector pin which will not be in the mating
connector contact wear path
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Figure 9-50 610D-04-033

Figure 9-51 610D-04-034

Changes from Revision D to Revision E; references in the figure
boxes refer to the source picture or indicate if a new picture is
being used.

Defect-Class 1, 2, 3

Chipped pin on mating surface of separable
connector, Figure 9-50.

Scratched pin that exposes non-precious plating or
basis metal.

Missing plating on required areas.

Burr on pin, Figure 9-51.

Cracked PCB substrate.

Pushed out barrel as indicated by copper protruding
from bottom side of PCB.

| 9.12 Heat Sink Hardware

Figure 9-52 new 610e-9-052

Figure 9-52 new 610e-9-053

Acceptable - Class 1, 2, 3

No damage or stress on heat sink hardware.

Defect - Class 1,2, 3

Bent heatsink (A).

Missing fins on heatsink (B).

Damage or stress to heat sink hardware.
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10 Printed Circuit Boards and Assemblies

IPC-A-610E
Proposed Standard for Ballot January 2010

Fhisseetionisbased-on-therequirementsof FRPC-A-600-For PCB anomalies not related to assembly caused damage refer to
the applicable bare board specification criteria, e.g., IPC-6010 series, [IPC-A-600, etc.

The following topics are addressed in this section:

10.1 Gold Fingers

10.2 Laminate Conditions

10.2.1 Measling and Crazing

10.2.2 Blistering and Delamination
10.2.3 Weave Texture/Weave Exposure
10.2.4 Haloing and Edge Delamination
10.2.5 Burns

10.2.6 Bow and Twist

10.2.7 Depanelization

10.3 Conductors/Lands

10.3.1 Reduction in Cross-Sectional Area
10.3.2 Lifted Pads/Lands

10.3.3 Mechanical Damage

10.4 Flexible and Rigid-Flex Printed Circuitry
10.4.1 Damage

10.4.2 Delamination

10.4.3 Discoloration

10.4.4 Solder Wicking

10.4.5 Attachment

10.5 Marking

10.5.1 Etched (Including Hand Printing)
10.5.2 Screened

10.5.3 Stamped

10.5.4 Laser

10.5.5 Labels

10.5.5.1 Bar Coding

10.5.5.2 Readability

10.5.5.3 Adhesion and Damage

10.5.5.4 Position

10.5.6 Using Radio Frequency Identification (RFID) Tags

10-1

10.6 Cleanliness

10.6.1 Flux Residues

10.6.2 Particulate Matter

10.6.3 Chlorides, Carbonates and White Residues
10.6.4 Flux Residues - No-Clean Process — Appearance
10.6.5 Surface Appearance

10.7 Solder Mask Coating
10.7.1 Wrinkling/Cracking
10.7.2 Voids, Blisters, Scratches
10.7.3 Breakdown

10.7.4 Discoloration

10.8 Conformal Coating
10.8.1 General

10.8.2 Coverage

10.8.3 Thickness

10.9 — Encapsulation

Ilustrations and text are copyright IPC and may be copied only for use in development of IPC-A-610 Revision E.



Changes from Revision D to Revision E; references in the figure boxes refer to the source picture or indicate if a new picture is being used.

10.1 Gold Surface Contact AreaGeldFingers

See IPC-A-600 and IPC-6010 (Series) for further criteria on gold fingers.

Inspection is typically accomplished without magnification or lighting aids. However, there may be instances where these
aids are needed; e.g., pore corrosion, surface contamination.

| Critical contact area (any portion of the gold areas (fingers, pins, surfaces) that contacts the mating surface of the connector)
is dependent upon the connector system scheme being used by the manufacturer. The documentation should identify those
particular dimensions.

Figure 10-1 610D-10-001 Target - Class 1,2, 3
« No contamination on gold-fingers surface contact
areas.

Acceptable - Class 1, 2, 3
|Figure 10-2 610D-10-002 e Solder is allowed in noncontact arecas-effingers.

Figure 10-3 new

Figure 10-4 610D-10-003 Defect - Class 1,2, 3
« Solder, any metal other than gold, or any other
Figure 10-5 610D-10-004 contamination in the critical contact area of the gold

surface fingers, pins or other contact surfaces such as
keyboard contacts.

10.2 Laminate Conditions

The purpose of this section is to help the reader better understand the problem of recognizing laminate defects. In addition to
providing detailed drawings and photographs to help identify common laminate defects, this section also provides acceptance
criteria for the presence of measles on the board assembly.

This-scetion-is-based-on the requirements- o [IPC-A-600._<m

NatesThi
ote:

i oved to 10 intro>

The identification of laminate defects can be confusing. To help identify defect conditions, please refer to the following
pages where definitions, illustrations, and photographs have been provided that define and identify the following conditions
and establish acceptance criteria:

e measling

e crazing

e Dblistering

e delamination

e weave texture

e Wweave exposure

e haloing

It is important to note that laminate defect conditions may become apparent when the fabricator receives the material from
the laminator, or during the fabrication or assembly of the printed board.
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Changes from Revision D to Revision E; references in the figure boxes refer to the source picture or indicate if a new picture is being used.

10.2.1 Laminate Conditions - Measling and Crazing

This is an inherent condition in the laminate caused during processing the board or assembly.

Measling or crazing that occurs as a result of an assembly process (e.g., use of press fit pins, reflow soldering, etc.) will
usually not increase.

Where measles are present that violate minimum electrical clearance, additional performance testing or dielectric resistance
measurements may be required considering the product performance envelope; e.g., moisture environments, low atmosphere.

Where the substrate includes embedded components additional criteria may need to be defined.
Measling - An internal condition occurring in laminated base material in which the glass fibers are separated from the resin

at the weave intersection. This condition manifests itself in the form of discrete white spots or crosses below the surface of
the base material, and is usually related to thermally induced stress.

Target - Class 1, 2, 3

Figure 10-6 610D-10-005 e No evidence of measling.
Figure 10-7 610D-10-006 Acceptable - Class 1,2
e The criteria for measling are that the assembly is
functional.

Aeeeptable - Class 233
e e e ]
conductors,

Figure 10-8 new Process Indicator - Class 32

Defeet - Class 3

e Measled areas in laminate substrates exceed 50% of
the physical spacing between internal conductors.

Fletee b desnmiont weless cressiion o the bees baned
6012:

Note: There are no defect criteria for measles. Measling is
an internal condition which may not propagate under
thermal stress and has not been conclusively shown to be
a catalyst for conductive anodic filament CAF growth.
Delamination is an internal condition which may
propagate under thermal stress and may be a catalyst for
CAF growth. The IPC-9691 user’s guide for CAF
resistance testing and IPC-TM-650, Method 2.6.25,
provide additional information for determining laminate
performance regardmg CAF growth. User—whe—quh—te
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Figure 10-9 610D-10-007

Figure 10-10 610D-10-008

Changes from Revision D to Revision E; references in the figure
boxes refer to the source picture or indicate if a new picture is
being used.

Crazing - An internal condition occurring in laminated
base material in which the glass fibers are separated from
the resin at the weave intersections. This condition
manifests itself in the form of connected white spots or
crosses below the surface of the base material and is
usually related to mechanically induced stress.

Target - Class 1,2,3
e No evidence of crazing.

Acceptable - Class 1
e The criteria for crazing are that the assembly is
functional.

Acceptable - Class 2,3

e Crazed areas in laminate substrates do not exceed 50%
of the physical spacing between noncommon
conductors

e Crazing does not reduce spacing below minimum
electrical clearance.

Defect - Class 2,3

e Crazed areas in laminate substrates exceed 50% of
the physical spacing between internal conductors.

e Spacing is reduced below minimum electrical
clearance.

e Crazing at the edge of the board reduces the
minimum distance between board edge and
conductive pattern, or more than 2.5 mm [0.0984 in]
if not specified.
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Changes from Revision D to Revision E; references in the figure boxes refer to the source picture or indicate if a new picture is being used.

10.2.2 Laminate Conditions - Blistering and Delamination

In general, delamination and blistering occurs as a result of an inherent weakness of the material or process. Delamination or
blistering between nonfunctional areas and functional areas may be acceptable provided that the imperfections are nonconductive
and that other criteria are met.

Figure 10-11 610D-10-009 Blistering - Delamination in the form of a localized
swelling and separation between any of the layers of a
Figure 10-12 610D-10-010 lamination base material, or between base material and

conductive foil or protective coating.

Figure 10-13 610D-10-011
Delamination - A separation between plies within a base
material, between a base material and a conductive foil or
any other planar separation with a printed board.

Target - Class 1,2, 3
e No blistering or delamination.

Acceptable - Class 1, 2, 3

o The blistering/delamination does not bridge more than
25% of the distance between plated-through holes or
internal conductors.

Defect - Class 1,2, 3

Figure 10-14 610D-10-012 « Blister/delamination exceeds 25% of the distance
between plated-through holes or internal conductors.
Figure 10-15 610D-10-013 o The blistering/delamination reduces the space
between conductive patterns below the minimum
Figure 10-16 610D-10-014 electrical clearance.
Figure 10-17 610D-10-015 Note: Blisters or delamination areas may increase during
assembly or operation. Separate criteria may need to be
established.

10.2.3 Laminate Conditions - Weave Texture/Weave Exposure

Weave Texture - A surface condition of base material in
which a weave pattern of glass cloth is apparent although
the unbroken fibers are completely covered with resin.

Figure 10-18 610D-10-016

Figure 10-19 610D-10-017

Acceptable - Class 1, 2,3

o Weave texture is an acceptable condition in all classes
but is confused with weave exposure because of
similar appearance.

Figure 10-20 610D-10-018

Note: Microsection may be used as a reference for this
condition.

Weave Exposure - A surface condition of base material

in which the unbroken fibers of woven glass cloth are not
completely covered by resin.

10-5



Changes from Revision D to Revision E; references in the figure
boxes refer to the source picture or indicate if a new picture is
being used.

Figure 10-21 610D-10-019 Target - Class 1,2, 3
o No weave exposure.

Acceptable - Class 1, 2, 3
o Weave exposure does not reduce the spacing between
conductive patterns below specification minimums.

Acceptable — Class 1
Defect — Class 2, 3

e Surface damage that cuts into laminate fibers.

Defect - Class 1,2, 3

e Weave exposure reduces the spacing between
conductive patterns to less than the minimum
electrical clearance.

10.2.4 Laminate Conditions - Haloing and Edge Delamination

Haloing - A condition existing in the base material in the form of a light area around holes or other machined areas on or below
the surface of the base material.

Figure 10-22 610D-10-020 Target - Class 1, 2, 3
e No haloing or edge delamination.
| o No nicks/damage on smooth board edges.

Figure 10-23 610D-10-021 Acceptable - Class 1, 2,3
o Penetration of haloing or edge delamination does not
Figure 10-24 610D-10-022 reduce edge spacing more than 50% of that specified

by drawing note or equivalent documentation. If none
is specified, the distance from haloing or edge
delamination to conductors is greater than 0.127mm
(.005 inches). The maximum haloing or edge
delamination is not greater than 2.5mm (0.0984 in).

| e Board edges are rough but not frayed.
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Changes from Revision D to Revision E; references in the figure
boxes refer to the source picture or indicate if a new picture is
being used.

Defect - Class 1,2, 3

Figure 10-25 610D-10-023

. l' - he-ed he o] et
Figure 10-26 610D-10-024 ! Lan 50% of Fed |
. 0 0 }
Figure 10-27 610D-10-025 ) 5 0.0984 E. G ] ) | hicl o]
Figure 10-28 NEW e Penetration of haloing, edge delamination (Figure 10-
28) or routing (Figure 10-29) that reduces edge
Figure 10-29 NEW spacing more than 50% of that specified by drawing

note or equivalent documentation. If none is
specified, the distance from haloing or edge
delamination to conductors is >0.127mm (.005

inches). The maximum haloing or edge delamination

is greater than 2.5mm (0.0984 in).
e Cracks in the laminate, see Figure 10-29 arrow.

’ 10251 . Conditi Pink Ri

There.isno.l Y hat ink rine affocts fanctionalics T : o pink s , - dored

di : tosi ation b o reiebtion Thef : s Litveof the laminati
bond:

| 10.2.510.2.6 Burns |

Defect — Class 1,2, 3
e Burns that physically damage surface or the

Figure 10-31 610D-10-027 assembly.

Figure 10-30 610D-10-026

Figure 10-32 610D-10-028

10.2.610.2.7 Laminate Conditions - Bow and Twist

Figure 10-33 NEW Figure 10-33 is an example of bow.

Figure 10-34 610D-10-029 Acceptable —Class 1,2, 3 .
e Bow and twist does not cause damage during post

solder assembly operations or end use. Consider
“Form, Fit and Function” and product reliability.

Defect — Class 1,2, 3

e Bow and twists causes damage during post solder
assembly operations or end use or affects form, fit or
function.
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Changes from Revision D to Revision E; references in the figure
boxes refer to the source picture or indicate if a new picture is
being used.

Note: Bow and twist after solder should not exceed 1.5%
for through-hole and 0.75% for surface mount printed
board applications (See IPC-TM-650, 2.4.22). It may be
necessary to confirm through testing that bow and twist
has not created stress that will result in solder connection

fracture or component damage.

10.2.7 Laminate Conditions - Depanelization

These criteria are applicable to PCAs with or without breakaway [tabs. IPC-A-600 provides additional criteria for
depanelization of bare boards.

Figure 10-35 new Target—Class 1,2, 3
o Edges are smooth with no burrs, nicks or
Figure 10-36 new haloing.

Figure 10-37 new Acceptable —Class 1,2, 3

o Edges are rough but not frayed.

Figure 10-38 new e Nicks or routing_do not exceed 50% of the

distance from the board edge to the nearest

Figure 10-39 new conductor or 2.5 mm [0.098 in], whichever is
less. See 10.2.4 for haloing and 10.2.1 for
crazing.

e Edge conditions - loose burrs do not affect fit,
form or function.

Figure 10-40 new Defect — Class 1,2, 3
o Edges are frayed.
Figure 10-41 NEW e Nicks or routing exceed 50% of the distance
from the board edge to the nearest conductor or
Figure 10-42 NEW 2.5 mm [0.098 in], whichever is less. See 10.2.4

for haloing and 10.2.1 for crazing.
e Edge conditions - loose burrs affect fit, form or
function.

’ 10.310:2.9 Laminate-Conditions— Conductors/Lands |

| 10.3.110.2.9.1 Laminate-Conditions— Conductors/Lands — Rehuction in Cross-Sectional Area

These criteria are applicable to conductors and lands on rigid, flek and rigid-flex circuitry.

IPC-6010 (Series) provides the requirements for conductor width and thickness reduction.

Conductor Imperfections — The physical geometry of a conductor is defined by its width x thickness x length. Any
combination of defects does not reduce the equivalent cross-sectional area (width x thickness) of the conductor by more than
20% of the minimum value (minimum thickness x minimum width) for Class 2 and 3, and 30% of the minimum value for
Class 1.
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Changes from Revision D to Revision E; references in the figure boxes refer to the source picture or indicate if a new picture is being used.

Conductor Width Reduction — Allowable reduction of the conductor width (specified or derived) due to isolated defects
(i.e., edge roughness, nicks, pinholes and scratches) does not exceed 20% of the minimum printed conductor width for Class
2 and 3, and 30% of the minimum printed conductor width for Class 1.

Figure 10-43 610D-10-036

Figure 10-44 610D-10-037

Figure 10-45 NEW

Defect - Class 1

® Reduction in minimum width of printed conductors
by more than 30%.

® Reduction in minimum printed conductor width or
length of lands by more than 30%.

Defect - Class 2, 3

e Reduction in minimum width of printed conductors
by more than 20%.

e Reduction in width or length of lands by more than
20%.

Note: Even small changes in cross-sectional area can have
a large impact on impedance of RF circuitry. Alternate

criteria may need to be developed.

10.3.210:2.92 Laminate Conditions— Conductors/Lands — Lifted Pads/Lands

criteria are for lifted padsands with or without a lead in the via/PTH

than-the-thickness(height)-of the landExcept as noted, these

Figure 10-46 610D-10-038

Figure 10-47 610D-10-039

Figure 10-48 610D-10-040

Figure 10-49 610D-10-041

Figure 10-50 610D-10-042

10-9

Target —Class 1,2, 3
e No separation between conductor;pad or PTH land
and the laminate surface.

Process Indicator — Class 1, 2, 3

e Separation between outer edge of conductor;pad or
land and laminate surface is less than one pad-land
thickness.

Note: Lifted and/or separated land area(s) is typically a
result of the soldering process that warrants immediate
investigation to determine root cause. Efforts to eliminate
and/or prevent this condition should be made.

Defect — Class 1,2, 3
e Separation between conductor or PTH land and
laminate surface is greater than one pad thickness.

Defect — Class 3
e Any lifting of a land if there is a unfilled via or via
with no lead in the land.
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H 10.3.310:2.93 Laminate Conditions— Conductors/Lands — Mechanical Damage

Figure 10-51 610D-10-043
| Figure 10-52 NEW

Figure 10-53 NEW

Defect — Class 1,2, 3

Damage to functional conductors or lands that affects
form, fit or function.

| u0.41-0.-2-.s Flexible and Rigid-Flex Printed Circuitry

| ‘ 10.4.110:2-8-1 Flexible and Rigid-Flex Printed Circuitry — DamageNicks-and-TFears

The trimmed edge of the flexible printed circuit or the flexible section rigid-flex printed circuit is free of burrs, nicks,
delamination, or tears in excess of that allowed in the procurement documentation.-Minimurm-edge-to-conduetorshall-be

| speeticd-n-the-procurement-documentation-

The deformation of a stiffener board should conform to the master drawing or the individual specification.

Note: For SMT or through-hole component mounting, placement, soldering, cleanliness criteria on flex assemblies, etc.

follow the applicable sections of this standard.
Figure 10-54 610D-10-030

Figure 10-55 610D-10-031

Figure 10-56 610D-10-032

10-10

Target — Class 1,2, 3

Free of nicks, and-tears, burns, charring or melting.
Minimum edge to conductor spacing maintained.
The trimmed edge of the flexible printed circuitry or
the flexible section of finished rigid-flex printed
circuitry is free of burrs, nicks, delamination, and
tears.

Acceptable - Class 1, 2, 3

No nicks or tears in excess of that specified in the
procurement documentation.

Edge to conductor spacing of the flexible portion is
within requirements specified on the procurement
documentation.

Nicks or haloing along the edges of the flexible
printed circuitry, cutouts, and unsupported holes,
providing the penetration does not exceed 50% of the
distance from the edge to the nearest conductor or 2.5
mm [0.0984 in], whichever is less.

The area of blister or delamination between flex
circuitry and a stiffener board does not exceed 20% of
the joined area provided the thickness of the blister
does not exceed the thickness limit of the entire board.



Changes from Revision D to Revision E; references in the figure
boxes refer to the source picture or indicate if a new picture is
being used.

Defect — Class 1,2, 3

o Nicks, tears, haloing or imperfections more than 50%
of the distance from the edge to the nearest conductor
or 2.5 mm [0. 098 in], whichever is less, or in excess
of that specified in the procurement documentation.

« Edge to conductor spacing does not comply with
specified requirements.

e The area of blister or delamination between flex
circuitry and a stiffener board exceeds 20% of the
joined area.

« Evidence of burns, charring or melting of the
insulation.

Figure 10-57 new
Figure 10-58 new
Figure 10-59 new

Figure 10-60 new

Note: Mechanically created indentions caused by contact
between the coverlayer of flexible printed circuit boards
or assemblies and molten solder are not rejectable.
Additionally, care should be taken to avoid bending or
flexing conductors during inspection.

10.4.210:2-8:2 Flexible and Rigid-Flex Printed Circuitry —SﬁffeﬂdFBeafd—Delamination

Sometimes delamination takes place in the flex circuitry or between flex circuitry and the edge of a stiffener board during reflow,
cleaning steps, etc. of assembly process.

Acceptable — Class 1, 2, 3

o The distance from stiffener board edge in the straight
section is 0.5mm [0.0197 in] or less.

o The distance from stiffener board edge in the bend
section is 0.3mm or less.

e Delamination (separation) or bubbles do not bridge
conductors in the cover layers of the flexible circuitry.

Defect — Class 1,2, 3
Figure 10-61 NEW o The distance from stiffener board edge in the straight
section exceeds 0.5mm [0.0197 in].
e The distance from stiffener board edge in the bend
section exceeds 0.3mm [0.012 in].
o Delamination (separation) or bubbles bridges
conductors in the cover layers of the flexible circuitry.

10.4.310-2-83 Flexible and Rigid-Flex Printed Circuitry — Discolol*ation

There are no illustrations for these criteria. |

Acceptable — Class 1, 2, 3

e A discolored conductor meets the requirements of
dielectric withstanding voltage, flexural fatigue
resistance, bending resistance, and solder temperature
resistance, after being subjected to the moisture
resistance test of 40°C, 40% relative humidity, 96
hours.
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boxes refer to the source picture or indicate if a new picture is
being used.

Acceptable — Class 1
e Minimum discoloration.

Defect — Class 1,2, 3

e A discolored conductor does not meet the
requirements of dielectric withstanding voltage,
flexural fatigue resistance, bending resistance, or
solder temperature resistance, after being subjected to
the moisture resistance test of 40°C, 40% relative
humidity, 96 hours.

h 10.4.410-2-8-4 Flexible and Rigid-Flex Printed Circuitry — Solder Wicking

Figure 10-62 new

Target—Class 1,2, 3
e  Solder or plating on land covers all exposed metal
and stops at coverlayer.

Acceptable — Class 1,2, 3

ceeperendipan boles s peer s e e e

e  Solder wicking or plating migration does not extend
into the bend or flex transition area.

Acceptable — Class 2
e  Solder wicking/plating migration does not extend
under coverlayer more than 0.5 mm [0.020 in].

Acceptable — Class 3
e  Solder wicking/plating migration does not extend
under coverlayer more than 0.3 mm [0.012 in].

oSolderwicking-orplating-migration-docs-notextend-inte
Defect — Class 2

e Solder wicking/plating migration extends under
coverlayer more than 0.5 mm [0.020 in].

Defect — Class 3

e Solder wicking/plating migration extends under
coverlayer more than 0.3 mm [0.012 in].
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Defect - Class 1,2, 3

e  Solder wicking or plating migration extends into the
bend or flex transition area.

e  Spacing as a result of solder wicking or plating
migration violate minimum electrical clearance.

10.4.5 Flexible and Rigid-Flex Printed Circuitry — Attachmeﬂg

These criteria are applicable to the solder attachment of flex on P

CB (FOB). When sufficient data has been collected this will

be expanded to include flex on flex (FOF) and connection using &

nisotropically conductive flex (ACF).

Figure 10-63 new

Figure 10-64 new

Figure 10-65 new

Figure 10-66 new

Figure 10-67 new

Target —Class 1,2, 3

e No side overhang.

e  Plated through holes in the connection areas are
filled 100%.

e  Solder is fully wetted in edge semicircular plated
holes.

Acceptable —Class 1,2, 3

e Side overhang of flex termination is equal to or
less than 20% of flex termination width.

e Plated through holes in the connection areas are
filled 50% or more.

e  Wetted solder is visible in the edge semicircular
plated holes.

Process Indicator — Class 1, 2,3
e No evidence of wetted solder in two adjacent
edge semicircular plated holes.

Defect — Class 1,2, 3

e Side overhang of flex termination is more than
20% of flex termination width.

e Plated through holes in the connection areas are
less than 50% filled.

e No evidence of wetted solder in three or more
adjacent edge semicircular plated holes.
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10.510-3 Marking

Marking Acceptability Requirements
This section covers acceptability criteria for marking of printed boards and other electronic assemblies.

Marking provides both product identification and traceability. It aids in assembly, in-process control, and field servicing. The
methods and materials used in marking shall serve the intended purposes and shall be readable, durable, and compatible with the
manufacturing processes and should remain legible through the life of the product.

Examples of the markings addressed by this section include the following:

a. Electronic Assemblies:
e company logo
board fabrication part numbers and revision level
assembly part number, group number, and revision level
component legends including reference designators and polarity indicators (only applies prior to assembly
processing/cleaning)
certain inspection and test traceability indicators
U.S. and other relevant regulatory agencies/certifications
unique individual serial number
date code

b. Modules and/or Higher Level Assemblies:
e company logo
e product identification numbers, e.g., drawing number, revision and serial number
e installation and user information
e relevant regulatory agencies' certification labels

The fabrication and assembly drawings are the controlling documents for the locations and types of markings. Marking criteria
specified in the drawings will take precedence over these criteria.

In general, additive markings over metal surfaces are not recommended. Markings which serve as aids to assembly and inspection
need not be visible after the components are mounted.

Assembly marking (part numbers, serial numbers) need to remain legible (capable of being read and understood as defined by the
requirements of this standard) after all tests, cleaning and other processes to which the item is subjected.

Component markings, reference designators and polarity indicators should be legible and components should be mounted in such

Markings are not deliberately altered, obliterated, or removed by the manufacturer unless required by the assembly
drawing(s)/documentation. Additional markings such as labels added during the manufacturing process should not obscure the
original supplier's markings. Permanent labels need to comply with the adhesion requirements of 10.5.5.3. Components and
fabricated parts need not be mechanically installed so that the reference designations are visible when installed.

Acceptance of the marking is based on using the unaided eye. Magnification, if used, is limited to 4X.

Radio Frequency Identification Marking (RFID) is widely used in industry. To facilitate this marking, RFID passive “tags”
(readable from short distances — inches to several feet using low frequency; as compared to active “tags, — 125KHz to 915 MHz;
no battery power required) or active “tags” (readable from longer distance — e.g., 30 ft or more using high frequency — 433 MHz
to 2.45 GHz; self-contained battery powered) are used. These tags contain an electronic circuit (a microchip) that operates at the
specified frequency. The RFID “tags” contain electronic data that may consist of any of the aforementioned marking information,

as well as additional data provided for tracking/traceability purposes. For the RFID “tags” to function properly, it is important that
the “tags” be physically located from the specified distance away from the “tag” reader. The RF signal must not be obstructed by
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objects such as metal, water (depends on frequency), or any other object that would distort, or otherwise prevent proper

transmission of the RF signal to the “tag” reader.

These criteria are applicable when content marking is required.

Acceptable —Class 1,23

e Markings include the content specified by the controlling document.

Defect - Class 1,2.3
e  Marking content incorrect.

e  Marking missing.

10.5.110-3-1 Marking - Etched (Including Hand Printing)

Hand printing may include marking with indelible pen or mechanical etcher.

Figure 10-68 610D-10-044

_Figure 10-69 610D-10-045

Figure 10-70 610D-10-046

10-15

Target - Class 1, 2, 3

e  Each number or letter is complete, i.e., none of the
lines forming a character are missing or broken.

o  Polarity and orientation markings are present and
legible.

e Lines forming the character are sharply defined and
uniform in width.

e Minimum spacing requirements between active
conductors have also been maintained between
etched symbolization and active conductors.

Acceptable - Class 1, 2, 3

o Edges of the lines forming a character may be
slightly irregular. Open areas within characters may
be filled providing the characters are legible and
cannot be confused with another letter or number.

e  Width of the lines forming a character may be
reduced by up to 50% providing they remain legible.

e Lines of a number or letter may be broken provided
the breaks do not make the marking illegible.

Acceptable - Class 1

Process Indicator - Class 2,3

e Legends are irregularly formed but the general intent
of the legend or marking is discernible.

Defect - Class 1,2, 3

e Missing or illegible characters in the markings.

e Marking violates the minimum electrical clearance
limits.

e Solder bridging within or between characters or
characters/conductors preventing character
identification.

e Lines forming a character are missing or broken to
the extent that the character is not legible or is likely
to be confused with another character.
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H 10.5.2146-3:2 Marking - Screened

Figure 10-71 610D-10-047 Target - Class 1,2, 3

o Each number or letter is complete i.e., none of the
lines forming a character are missing or broken.

e Polarity and orientation markings are present and
legible. Lines forming the character are sharply
defined and uniform in width.

e Ink forming the markings is uniform, i.e., there are no
thin spots or excessive build-ups.

e The open areas within characters are not filled
(applies to numbers 0, 6, 8, 9, and letters A, B, D, O,
P, Q,R).

e There are no double images.

o Ink is confined to the lines of the character, i.e., there
are no smeared characters and the build-up of
material outside the characters is held to a minimum.

o Ink markings may touch or cross over conductors but
are no closer than tangent to a land required to have a
solder fillet.

Figure 10-72 610D-10-048 Acceptable - Class 1, 2, 3
o Ink may be built up outside the line of a character
providing the character is legible.
e Marking ink on the land does not interfere with
soldering requirements.

Acceptable - Class 1

Process Indicator - Class 2,3

s Lines of a number or letter may be broken (or the ink
thin over a portion of the character) providing the
breaks do not make the markings illegible.

Process Indicator - Class 2,3

e The open areas within characters may be filled
providing the characters are legible, i.e., cannot be
confused with another letter or number.

Defect - Class 1,2, 3

o Marking ink is present on the land interfering with
the solder requirements of Tables 7-43, 7-57-6 or 7-7,
or with the surface mount soldering requirements of
Section 8.
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Acceptable - Class 1

Figure 10-73 610D-10-049 Process Indicator - Class 2,3
e Marking that is smeared or blurred but is still legible.
o Double images are legible.

Defect - Class 1,2, 3

e Missing or illegible markings or reference
designators for component location, or component
outlines.

e Missing or illegible characters in the markings.

e Open areas of characters are filled and are not legible,
or are likely to be confused with another number or
letter.

o Lines forming a character are missing, broken or
smeared to the extent that the character is not legible
or is likely to be confused with another character.

|[ 10.5.310.3.3 Marking - Stamped

Figure 10-74 610D-10-050 Target - Class 1, 2, 3

e Each number or letter is complete, i.e., none of the
lines forming a character are missing or broken.

e Polarity and orientation markings are present and
legible.

o Lines forming the character are sharply defined and
uniform in width.

o Ink forming the markings is uniform, i.e., there are no
thin spots or excessive build-ups.

o The open areas within characters are not filled
(applies to numbers 0, 6, 8, 9 and letters A, B, D, O,
P, Q, R).

e There are no double images.

e Ink is confined to the lines of the character, i.e., there
are no smeared characters and the build-up of
material outside the characters is held to a minimum.

o Ink markings may touch or cross over conductors but
are no closer than tangent to a solderable land.

Figure 10-75 610D-10-051 Acceptable - Class 1, 2, 3
o Ink may be built up outside the line of a character
providing the character is legible.
e Marking ink is present on the land (see soldering
requirements of Tables 7-4, 7-5 or 7-7, or the surface
mount soldering requirements of Section 8).

Acceptable - Class 1

Process Indicator - Class 2,3

o Lines of a number or letter may be broken (or the ink
thin over a portion of the character) providing the
breaks do not make the markings illegible.

o The open areas within characters may be filled
providing the characters are legible, i.e., cannot be
confused with another letter or number.
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Changes from Revision D to Revision E; references in the
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picture is being used.

Defect - Class 1,2, 3

Marking ink is present on the land interfering with
the solder requirements of Tables 7-4, 7-5 or 7-7, or
with the surface mount soldering requirements of
Section 8.

Acceptable - Class 1
Process Indicator - Class 2,3

Marking that has been smeared or blurred but is still
legible.

Double stamped markings are acceptable provided
the general intent can be determined.

Missing or smeared marking does not exceed 10% of
the character and the character is still legible.

Defect - Class 1,2, 3

Missing or illegible characters in the markings.

Open areas of characters are filled and are not legible,
or are likely to be confused with another number or
letter.

Lines forming a character are missing, broken or
smeared to the extent that the character is not legible
or is likely to be confused with another character.

H 10.5.410-3.4 Marking - Laser

Figure 10-77 610D-10-053

Figure 10-78 610D-10-054

Target - Class 1,2, 3

Each number or letter is complete, and legible, i.c.,
none of the lines forming a character are missing or
broken.

Polarity and orientation markings are present and
legible.

Lines forming the character are sharply defined and
uniform in width.

Marking forming the characters is uniform, i.e., there
are no thick or thin spots.

The open areas within characters are not filled
(applies to numbers 0, 6, 8,9 and A, B, D, O, P, Q,
R).

Marking is confined to the lines of the character, i.e.,
do not touch or cross over solderable surfaces.

The depth of the marking does not adversely affect
the function of the part.

There is no exposed copper when marking on the
ground plane of printed circuitry boards.

There is no delamination when marking on the
printed circuit board dielectric.

Acceptable - Class 1, 2,3

Marking may be built up outside the line of a
character providing the character is legible.
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Acceptable - Class 1

Process Indicator - Class 2,3

o Multiple image is still legible.

e Missing marking is not more than 10% of the
character.

e Lines of a number or letter may be broken (or thin
over a portion of the character).

Figure 10-79 610D-10-055

Defect - Class 1,2, 3

e Missing or illegible characters in the markings.

e Open areas of characters are filled and are not legible,
or are likely to be confused with another number or
letter.

o Lines forming a character are missing, broken or
smeared to the extent that the character is not legible
or is likely to be confused with another character.

e The depth of the marking adversely affects the
function of the part.

e Marking exposes copper on the ground plane of
printed circuit boards.

e Delamination on the printed circuit board dielectric
from marking.

e Markings touch or cross over solderable surfaces.

|[ 10.5.510.3.5 Marking - Labels

Permanent labels are commonly used to attach bar code data, but may include text. Readability, adhesion and damage criteria
apply to all permanent labels.

|[ 10.5.5.110.3.5.1 Marking - Labels — Bar Coding

Bar coding has gained wide acceptance as a method of product identification, process control and traceability because of ease
and accuracy of data collection and processing. Bar code labels are available which occupy small areas (some can be attached
to the thickness edge of the PWB) and can withstand the normal wave soldering and cleaning operations. Bar coding can also
be laser scribed directly on to the base material. Acceptability requirements are the same as other types of markings except
for legibility where machine readability replaces human readability.

|u0.5.5.2}0£é.—2 Marking - Labels - Readability

Figure 10-80 610D-10-056 Target- Class 1, 2, 3
e No spots or voids on printed surfaces.

Acceptable - Class 1, 2, 3
e Spots or voids on printed surfaces of bar codes are
permissible provided that either:
e Bar code can be read successfully with three (3) or
fewer attempts using a wand type scanner.
e The bar code can be read successfully with two
(2) or fewer attempts using a laser scanner.
o Textis legible.
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Defect - Class 1,2, 3
Figure 10-81 NEW o Bar code cannot be successfully read within three (3)
‘ attempts using a wand type scanner.
o Bar code cannot be read successfully within two (2)
attempts using a laser scanner.
e Missing or illegible characters in the markings.

|‘ 10.5.5.310:3-53 Marking - Labels - Adhesion and Damage

Figure 10-82 610D-10-057 Target - Class 1, 2, 3
e Adhesion is complete, shows no sign of damage or
peeling.

Acceptable — Class 1,2, 3
o Label lifted 10% or less of the label area.

Figure 10-83 610D-10-058 Defect - Class 1, 2, 3 . .
e More than 10% of the label area is peeling.
Figure 10-84 610D-10-059 +  Missing labels.

o Label wrinkle affects readability.

‘ 10.5.5.410-3-5:4 Marking - Labels — Position

Acceptable — Class 1,2, 3
e Label is applied in the required position.

Defect — Class 1,2, 3
e Label is not applied in the required position.

‘ 10.5.6 Marking — Using Radio Frequency Identification (RFID) Tags

As noted in 10.3, RFID “tags” are widely used by industry for numerous applications, including providing an electronic
version of some of the same information historically applied to product via the previous marking methods described herein,
as well as for inventory tracking and traceability purposes. The use of RFID “‘tags” is not limited to printed wiring boards; for
example, RFID “tags” may be added to product packing containers, sides of beef in a meat packing plant, etc. RFID “‘tags”
are used in conjunction with an electronic instrument that ‘reads” the radio frequency signal from the RFID “tag” and
converts this signal to facilitate viewing (electronic and/or hard copy) of the data embedded in the “tag”. For the RFID
system (RFID “tag” and associated reader) to work properly, the criteria specified below shall be met.”

There are no illustrations for these criteria.
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Target —Class 1,2, 3

e The RFID “tag” is located within the specified
distance from the “tag” reader such that the
reader can access the RF signal.

e The free-air path between the RFID “tag” and
the reader is free of obstructions (e.g., metal,
water, etc.) that may preclude transmission of the
RF signal from the “tag” to the reader.

e The RFID tag is attached to the object in a
manner that will not preclude transmission of the

RF signal.
e  The RFID “tag” is not damaged to the extent that

the information embedded therein can not be
read by the reader.

e  The RF signal is not distorted to the extent that
the data cannot be clearly discerned using the
reader.

Defect — Class 1,2, 3

e The RFID “tag” is not located within the
specified distance from the “tag” reader such that
the reader cannot access the RF signal.

e The free-air path between the RFID “tag”
contains obstructions (e.g., metal, water, etc.)
that preclude transmission of the RF signal from
the “tag” to the reader.

e  The RFID tag is attached to the object in a

manner that precludes transmission of the RF
signal.

o The RFID “tag” is damaged to the extent that the
information embedded therein can not be read by

the reader.
e The RF signal is distorted to the extent that the
data cannot be clearly discerned using the reader.
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H 10.610-4 Cleanliness

Cleanliness Acceptability Requirements

| This section covers acceptability requirements for cleanliness of assemblies,: which includes any components with any
electrical interfacing surfaces (e.g.. connector mating surfaces, compliant pins, etc.). The following are examples of the more
common contaminants found on printed board assemblies. Others may appear, however, and all abnormal conditions should
be evaluated. The conditions represented in this section apply to both primary and secondary sides of the assemblies. See
IPC-CH-65 for additional cleaning information.

Contaminant is not only to be judged on cosmetic or functional attributes, but as a warning that something in the cleaning
system is not working properly.

Testing a contaminant for functional effects is to be performed under conditions of the expected working environment for the
equipment.

Every production facility should have a standard based on how much of each type of contaminant can be tolerated. Fhe-meore
cleaning that has-to-be-donethe-mere-expensive-the-assembly—Testing with ionic extract devices based on J-STD-001,

insulation resistance tests under environmental conditions and other electrical parameter tests as described in [IPC-TM-650
are recommended for setting a facility standard.

| See +-81.9 for inspection magnification requirements.

| 10.6.140-4-1 Cleanliness - Flux Residues

The flux classification (see J-STD-004) and assembly process, i.e., no-clean, clean, etc., need to be identified and considered
when applying these criteria.

Figure 10-85 610D-10-060 Target - Class 1, 2, 3
¢ Clean, no discernible residue.

Acceptable - Class 1, 2, 3
¢ No discernible residue from cleanable fluxes is

allowed.
e  Flux residues from no-clean processes may be
allowed.
Figure 10-86 610D-10-061 Defect - Class 1,2, 3
_ » Discernible residue from cleanable fluxes, or any
Figure 10-87 NEW activated flux residues on electrical contact surfaces.

Note 1. Class 1 may be acceptable after qualification
testing. Check also for flux entrapment in and under
components.

Note 2. Flux residue activity is defined in J-STD-001 and
J-STD-004.

Note 3. Processes designated "no-clean" need to comply
with end-product cleanliness requirements
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H 10.6.210-4-2 Cleanliness - Particulate Matter

Figure 10-88 610D-10-062 Target - Class 1,2, 3
e Clean.

Acceptable — Class 1,2, 3
o Particulate matter meets the following criteria:

e  Attached/entrapped/encapsulated on the PCA
surface or solder mask.
e Do not violate minimum electrical clearance.

Figure 10-89 610D-10-063 Defect - Class 1, 2, 3

Figure 10-90 NEW %SH%WMWW
i o Particulate matter that is not attached, entrapped
Figure 10-91 610D-10-065 encapsulated, see 5.2.7.1 and 10.7.2.2.

o Violate minimum electrical clearance.

Note: Entrapped/encapsulated/attached is intended to
mean that normal service environment of the product will
not cause particulate matter to become dislodged.

| 1d.6.31—0.4£» Cleanliness - Chlorides, Carbonates and White Residues

Figure 10-92 610D-10-066 Target - Class 1,2, 3
e No discernible residue.

Figure 10-93 610D-10-067 Defect - Class 1, 2, 3
e White residue on PWB surface.
Figure 10-94 610D-10-068 e White residues on or around the soldered termination.

e Metallic areas exhibit crystalline white deposit.
Figure 10-95 610D-10-069

Note: White residues resulting from no-clean or other
Figure 10-96 610D-10-070 processes are acceptable provided the residues from
“ chemistries used have been qualified and documented as
| benign. See +8-4-410.6.4.

” 10.6.410-4-4 Cleanliness - Flux Residues - No-Clean Process — Appearance

Figure 10-97 610D-10-071 Acceptable - Class 1, 2, 3
o Flux residue on, around, or bridging between
noncommon lands, component leads and conductors.
o Flux residue does not inhibit visual inspection.
e Flux residue does not inhibit access to test points of
the assembly.
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Figure 10-99 610D-10-072

Figure 10-100 NEW
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Acceptable - Class 1
Process Indicator - Class 2

Defect - Class 3
o Finger prints in no clean residue.

Defect - Class 2,3
e Flux residue inhibits visual inspection.
o Flux residue inhibits access to test points.
o Wet, tacky, or excessive flux residues that may spread
onto other surfaces.
Nocl 1 - loetrical . ;
hibits electrical on

Defect - Class 2.3
o No-clean flux residue on any electrical mating surface
that inhibits electrical connection.

Note 1. There is no defect for discoloration of OSP coated
assemblies that come in contact with flux residues from
no-clean process.

Note 2. Residue appearance may vary depending upon
flux characteristics and solder processes.

<MOVED UP ABOVE TO COMBINE DEFECTS

10.6.510:4-5 Cleanliness - Surface Appearance

Figure 10-101 610D-10-073

Figure 10-102 610D-10-074
Figure 10-103 610D-10-075
Figure 10-104 610D-10-076

Figure 10-105 NEW

Acceptable - Class 1, 2,3
o Slight dulling of clean metallic surfaces.

Defect - Class 1,2, 3

e Colored residues or rusty appearance on metallic
surfaces or hardware.

e Evidence of corrosion.
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|[ 10.7.110.5.1 Solder ResistMask Coating

This section covers the acceptability requirements for solder mask coatings on electronic assemblies after assembly.

Additional information on solder mask is available in IPC-SM-840

Solder ResistMask (MaskResist) A heat-resisting coating material applied to selected areas to prevent the deposition of
solder upon those areas during subsequent soldering. Solder resistmask material may be applied as a liquid or a dry film.
Both types meet the requirements of this guideline.

Although not rated for dielectric strength, and therefore not satisfying the definition of an "insulator or insulating material,"
some solder reststmask formulations provide limited insulation and are commonly used as surface insulation where high
voltages are not a consideration.

| In addition, solder resistmask is useful in preventing PWB-PCB surface damage during assembly operations.

Tape Test - The tape test referenced in this section is IPC-TM-650, Test Method 2.4.28.1. All loose and nonadhering
material needs to be removed.

See IPC-A-600.

H 10.7.1:H0:543 Solder ResistMask Coating - Wrinkling/Cracking

Figure 10-106 610D-10-077 Target - Class 1, 2, 3
e There is no evidence of cracking of the solder
| resistmask after the soldering and cleaning operations.

Figure 10-107 610D-10-078 Acceptable - Class 1, 2,3
e Minor wrinkling is located in an area that does not
bridge between conductive patterns and meets the
adhesion tape pull test, [PC-TM-650, 2.4.28.1

Figure 10-108 610D-10-079 Acceptable - Class 1, 2, 3
e Wrinkling of the solder esistmask film over area of
reflowed solder is acceptable providing there is no
evidence of breaking, lifting or degradation of the
film. Adhesion of wrinkled areas can be verified using
a tape pull test.

Figure 10-109 new Acceptable - Class 1,2
Defect - Class 3
| e Cracking of solder resistmask.
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Figure 10-110 610D-10-081 Defect - Class 1, 2, 3
| o Solder resistmask particles cannot be completely
Figure 10-111 610D-10-082 removed and will affect the operation of the assembly.

10.7.21:210:5-12 Solder ResistMask Coating — Voids, a&d—Blisters, Scratches

During solder assembly operation, the resistmask prevents solder|bridging. Blistering and loose particles of solder resistmask
material are acceptable after the completion of the assembly provided they will not affect other functions in the assembly.

Figure 10-112 610D-10-083 Target - Class 1, 2, 3
o No blisters, scratches, voids or wrinkling evident
| under solder resistmask after soldering and cleaning
operations.

Figure 10-113 610D-10-084 Acceptable - Class 1, 2, 3

o Blisters, scratches, voids that do not expose
conductors and do not bridge adjacent conductors,
conductor surfaces or create a hazardous condition

| which would allow loose resistmask particles to
become enmeshed in moving parts or lodged between
two electrically conductive mating surfaces.
] | hev-don’t ] I | i )

« Solder flux, oil or cleaning agents are not trapped
under blistered areas.

Figure 10-114 610D-10-085 Process Indicator - Class 2,3
« Blisters/flaking expose-bare-copper base conductor
Figure 10-115 NEW material.

Acceptable - Class 1

Defect - Class 2,3

o Coating blisters/scratches/voids allow film to flake in
critical assemblies after a tape test.

o Solder fluxes, oils or cleaning agents are trapped
under coating.

Figure 10-116 610D-10-086 Defect - Class 1,2, 3
o Coating blisters/scratches/voids bridge adjacent
noncommon circuits.
| o Loose particles of solder resistmask material that
could affect form, fit or function.
« Coating blisters/scratches/voids have permitted solder
bridges.

10-26



Changes from Revision D to Revision E; references in the figure boxes refer to the source picture or indicate if a new picture is being used.

H 10.7.31.310-5-13 Solder ResistMask Coating — Breakdown

Figure 10-117 610D-10-087 Acceptable - Class 1, 2,3
e Solder resistmask surfaces are homogeneous with no
flaking or peeling.-over-dieleetric-areas:

Defect - Class 1,2, 3
| o Solder resistmask has powdery whitish appearance
with possible inclusions of solder metal.

H 10.7.41-410-5-4-4 Solder ResistMask Coating — Discoloration

Figure 10-118 610D-10-088 Acceptable - Class 1, 2, 3
o Discoloration of the solder resistmask material.

Defect — Class 1,2, 3
o Burned or charred solder mask material.

DO.S}OéTZ Conformal Coating

This section covers the acceptability requirements for conformal coatings on electronic assemblies.

Additional information on conformal coating is available in IPC-CC-830 and IPC-HDBK-830.

|u0.8.1}05.—27} Conformal Coating — General

Conformal coatings should be transparent, uniform in color and consistency and uniformly cover the board and components.
Uniform coating distribution depends partly on the method of application and may affect visual appearance and corner
coverage. Assemblies coated by dipping may have a drip line or localized build-up of the edge of the board. This build-up
may contain a small amount of bubbles but it will not affect the functionality or reliability of the coating.

| 10.8.210-5:2:2 Conformal Coating - Coverage

The assembly may be examined with the unaided eye, see 1.9. Materials that contain a fluorescent pigment may be examined
with blacklight to verify coverage. White light may be used as an aid for examining coverage.

Target - Class 1, 2, 3
Figure 10-119 610D-10-089 e No loss of adhesion.

e No voids or bubbles.

e No dewetting, mealing, peeling, wrinkles
(nonadhering areas), cracks, ripples, fisheyes or
orange peel.

e No embedded/entrapped foreign material.

e No discoloration or loss of transparency.

e  Completely cured and uniform.
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Figure 10-120 610D-10-090
Figure 10-121 610D-10-091
Figure 10-122 610D-10-094

Figure 10-123 610D-10-095

Figure 10-124 610D-10-096

Changes from Revision D to Revision E; references in the figure
boxes refer to the source picture or indicate if a new picture is
being used.

Acceptable - Class 1, 2,3
e Completely cured and homogenous.
o Coating only in those areas where coating is required.
o ermesladbesionedeanl e e
o Veids-do-netNo bridging ofe adjacent lands or
conductive surfaces from:
sloss of adhesion (mealing)
voids or bubbles
e dewetting
e cracks
e ripples
o fisheyes-or
o __orange peel
flaking
. FerelgrrEntrapped material does not violate minimum
electrical clearance between components, lands or
conductive surfaces.

Contineis.thin bt still evice-adees.

Defect - Class 1,2, 3

« Coating is not cured (exhibits tackiness).

o Coating is not applied to required areas.

o Coating is on areas required to be free of coating,
e-ge.g., mating surfaces, adjustable hardware, wicking
into connector housings, etc.

o VeidsbBridging of adjacent lands or conductive
surfaces caused by:

— loss of adhesion-{mealing) (Figures 10-108, 113)
—  voids or bubbles_(not shown)
— dewetting (Figure 10-109)
—  cracks (not shown)
— ripples_(not shown)
— fisheyes-or (Figure 10-112)
— orange peel (not shown)
flaking (Figure 10-114)

. Any entrapped fereign-material that bridges lands or
adjacent conductive surfaces, exposes circuitry or
violates minimum electrical clearance between
components, lands or conductive surfaces.

o Discoloration or loss of transparency.
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| 10.8.310.5:2.3 Conformal Coating — Thickness

Table 10-1 provides coating thickness requirements. The thickness is to be measured on a flat, unencumbered, cured surface
of the printed circuit assembly or a coupon that has been processed with the assembly. Coupons may be of the same type of
material as the printed board or may be of a non-porous material such as metal or glass. As an alternative, a wet film
thickness measurement may be used to establish the coating thickness provided there is documentation that correlates the wet

and dry film thickness.

Note: Table 10-1 of this standard is to be used for printed circuit assemblies. The coating thickness requirements in [PC-CC-
| 830 are to-be-used only for test vehicles associated with coating material testing and qualification.

Table 10-1 Coating Thickness

Type AR Acrylic Resin 0.03-0.13 mm [0.00118-0.00512 in]
Type ER Epoxy Resin 0.03-0.13 mm [0.00118-0.00512 in]
Type UR Urethane Resin 0.03-0.13 mm [0.00118-0.00512 in]
Type SR Silicone Resin 0.05-0.21 mm [0.00197-0.00827 in]
Type XY Paraxylyene Resin | 0.01-0.05 mm [0.00039-0.00197 in]

Figure 10-125 610D-10-097

Acceptable - Class 1, 2,3
« Coating meets the thickness requirements of Table 10-
L.

Defect - Class 1,2, 3
o Coating does not meet thickness requirements of
Table 10-1.
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10.9 — Encapsulation

There are no illustrations for the encapsulation section.

Acceptable - Class 1,2, 3

o Encapsulation material extends over and surrounds all areas required to be encapsulated.

o Encapsulation material is not present in areas not designated to be encapsulated.

e Completely cured and uniform.

o The encapsulant is free of bubbles, blisters, or breaks that affect the printed circuit assembly operation or sealing
properties of the encapsulant material.

o No visible cracks, crazing, mealing, peeling, and/or wrinkles in the encapsulant material.

o Entrapped foreign material does not violate minimum electrical clearance between components, lands or conductive
surfaces.

o Potting material has hardened and is tack free to the touch after curing.

Note: Minor surface swirls, striations or flow marks are not considered defects.

Defect - Class 1,2, 3

o Encapsulation material missing from areas required to be encapsulated.

o Encapsulation material is present in areas not designated to be encapsulated or that that interferes with the electrical or
physical function of the assembly.

o Encapsulation material is not cured (exhibits tackiness).

o Bubbles, blisters, or breaks that affect the printed circuit assembly operation or sealing properties of the encapsulant
material.

e Visible cracks, crazing, mealing, peeling, and/or wrinkles in the encapsulant material.

e Any entrapped material that bridges lands or adjacent conductive surfaces, exposes circuitry or violates minimum
electrical clearance between components. lands or conductive surfaces.

o Discoloration or loss of transparency.
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11 Discrete Wiring

Discrete wiring refers to a substrate or base upon which discrete wiring techniques are used to obtain electronic
interconnections. Separate visual criteria for each type are depicted in this section.

Discrete Wiring Acceptability Guidelines

The routing and terminating of discrete wires to form point-to-point electrical connections by use of special machines or tools
may be employed to replace or supplement printed conductors on board assemblies. Application may be in planar, two-
dimensional or three-dimensional configurations.

1. Semi-Permanent Connections
2. Permanent Connections

In addition to the criteria in this section the criteria of Section 5 are applicable.

The following topics are addressed in this section:
11.1 Solderless Wrap

11.1.1 Number of Turns

11.1.2 Turn Spacing

11.1.3 End Tails, Insulation Wrap

11.1.4 Raised Turns Overlap

11.1.5 Connection Position

11.1.6 Wire Dress

11.1.7 Wire Slack

11.1.8 Wire Plating

11.1.9 Damaged Insulation

11.1.10 Damaged Conductors &Terminals

112 Jumper-Wires<ALL OF THESE THROUGH-HOLE JUMPER CRITERIA MOVED TO 7.5>
11.2.5-Jumper Wires—SMT <ALL OF THESE SMT JUMPER CRITERIA MOVED TO 8.6>

11.2 Component Mounting — Connector Wire Dress Strain/Stress Relief
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11.1 Solderless Wrap

This section establishes visual acceptability criteria for connections made by the solderless wrap method.
It is assumed that the terminal/wire combination has been designed for this type of connection.
The tightness of the wire wrap should be validated by the tool verification process.

It is also assumed that a monitoring system exists that uses test connections to verify that the operator/tooling combination is
capable of producing wraps that meet strip force requirements.

Depending on the service environment, the connecting instructions will specify whether the connection will be conventional
or modified.

Once applied to the terminal, an acceptable solderless wrap connection shall not be subjected to excessive heat nor have any
mechanical operations performed on it.

It is not acceptable to attempt to correct a defective connection by reapplying the wrapping tool or by applying other tools.

The reliability and maintainability advantages of the solderless wrap connection method are such that no repair of a defective
wrap by soldering is to be made. Defective connections are unwrapped using a special tool (not stripped off the terminal) and
then a new wire wrapped to the terminal. New wire shall used for each wrap/rewrap, but the terminal may be rewrapped
many times.

11.1.1 Solderless Wrap - Number of Turns

For this requirement, countable turns are those turns of bare wire in intimate contact with the corners of the terminal starting
at the first contact of bare wire with a terminal corner and ending at the last contact of bare wire with a terminal corner; see
Table 11-1.

A modified wrap is required for Class 3. It has an additional amount of insulated wire wrapped to contact at least three
corners of the terminal.

Target-Class 1, 2, 3
e  One half (50%) more turn than the minimum shown
in Table 11-1.

Acceptable - Class 1,2

Figure 11-1 610D-11-001 e Countable turns meet the requirements of Table 11-1.

Acceptable - Class 3
e Countable turns meet the requirements of Table 11-1.
o Meets requirements of modified wrap.

Table 11-1 Minimum Turns of Bare Wire
Wire Gauge | Turns

30
28
26
24
22
20
18

AN
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Note: Maximum turns of bare and insulated wire is
governed only by tooling configuration and space
available on the terminal.

Defect — Class 1,2,3
e Number of countable turns does not comply with
Table 11-1.

Defect — Class 3
e Does not meet requirements of modified wrap.

| [11.1.2 Solderless Wrap - Turn Spacing

Figure 11-2 610D-11-002 Target-Class 1, 2,3
« No space between any turns.

Figure 11-3 610D-11-003 Acceptable - Class 1
o No space over one wire diameter.

Acceptable - Class 2

e No space over 50% diameter of wire within
countable turns.

o No space over one wire diameter elsewhere.

Acceptable - Class 3
« No more than three turns spaced apart.
« No space over 50% diameter of wire within the wrap.

Figure 11-4 610D-11-004 Defect - Class 1
« Any space over one wire diameter.

Defect - Class 2
e Any space over half wire diameter within countable
turns.

Defect - Class 3

« Any space more than half wire diameter.
« More than three spaces any size.
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11.1.3 Solderless Wrap - End Tails, Insulation Wrap

Figure 11-5 610D-11-005

Figure 11-6 610D-11-006

Figure 11-7 610D-11-007

Figure 11-8 610D-11-008

11-4

Target - Class 1,2

« End tail does not extend-protrude beyond outer surface
of wrap.

« Insulation reaches terminal.

Target - Class 3
» End tail does not extend-protrude beyond outer surface
of wrap with insulation modified wrap (see 11.1.1).

Acceptable - Class 1
e Does not violate minimum electrical clearance.
e Exposed conductor in the insulation.

Acceptable - Class 2

e Insulation end meets clearance requirements to other
circuitry.

e End tail does not extend more than 3 mm [0.12 in]
from outer surface of wrap.

Acceptable - Class 3

e End tail projects no more than one wire diameter
from outer surface of wrap.

e Insulation must contact minimum of three corners of
post.

Acceptable - Class 1
Defect - Class 2,3
» End tail is greater than 3 mm [0.12 in].

Defect - Class 3
o End tail is greater than one wire diameter.

Defect - Class 1,2,3
o End tail violates minimum electrical clearance.



Changes from Revision D to Revision E; references in the figure boxes refer to the source picture or indicate if a new picture
is being used.

11.1.4 Solderless Wrap - Raised Turns Overlap

Raised turns are squeezed out of the helix, therefore no longer have intimate contact with the terminal corners. Raised turns
may overlap or override other turns.

Figure 11-9 610D-11-009 Target-Class 1, 2,3
o No raised turns.

Figure 11-10 610D-11-010 Acceptable - Class 1
e Raised turns anywhere provided remaining total turns
still have contact and meet minimum turns
requirement.

Acceptable - Class 2
e No more than half turn raised within countable turns,
any amount elsewhere.

Acceptable - Class 3
e No raised turns within countable turns, any amount
elsewhere.

Figure 11-11 610D-11-011 Defect - Class 1
« Remaining total turns that still have contact do not
meet minimum turn requirements.

Defect - Class 2
o More than half raised turn within countable turns.

Defect - Class 3
o Any raised turns within countable turns.

11.1.5 Solderless Wrap - Connection Position

Target-Class 1, 2,3

o All turns of each connection on working length of
terminal.

o Visible separation between each connection.

Figure 11-12 610D-11-012

Figure 11-13 610D-11-013 Acceptable - Class 1,2
e Extra turns of bare wire or any turns of insulated wire
(whether or not for modified wrap) beyond end of
working length of terminal.

Acceptable - Class 1
e Extra turns of bare wire or any turns of insulated wire
overlap a preceding wrap.

Acceptable - Class 2
e Turns of insulated wire only overlap a preceding
wrap.
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Figure 11-14 610D-11-014

Figure 11-15 610D-11-015
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Acceptable - Class 3

e Wraps may have an insulated wire overlap the last
turn of uninsulated wire.

e No turns of bare or insulated wire beyond either end
of working length.

Defect - Class 1,2,3

e Insufficient number of countable turns in contact with
the terminal.

e  Wire overlaps the wire turns of a preceding
connection.

11.1.6 Solderless Wrap - Wire Dress

Figure 11-16 610D-11-016

Figure 11-17 610D-11-017

Acceptable - Class 1,2,3

o The dress of wire needs to be oriented so that force
exerted axially on the wire will not tend to unwrap the
connection, or to relieve the bite of wire on the
corners of the terminal post. This requirement is
satisfied when the wire is routed so as to cross the 45°
line as shown.

Defect - Class 1,2,3

o Axially exerted external forces on the wrap will
cause the wrap to unwind or loosen the wire bite at
the post corners.

11.1.7 Solderless Wrap - Wire Slack

Figure 11-18 NEW

Figure 11-19 610D-11-019

Acceptable - Class 1,2,3

« Wiring needs to have sufficient slack so that it will
not pull around corners of the other terminal posts or
bridge and load other wires.

Defect — Class 1,2,3
« Insufficient wire slack causing:
« Abrasion between wire insulation and wrap post.
« Tension on wires between wrap post causing
distortion of posts.
o Pressure on wires that are crossed by a taut wire.
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11.1.8 Solderless Wrap — Wire Plating

Plating

Wire used for solderless wrap is normally plated to improve connection reliability and minimize subsequent corrosion.

Figure 11-20 610D-11-020

Target-Class 1, 2,3
e  After wrapping, uninsulated wire has no exposed
copper.

Acceptable - Class 1
e Any amount of exposed copper.

Acceptable - Class 4,2
e Up to 50% of countable turns show exposed copper.

Defect - Class 2
e More than 50% of countable turns show exposed
copper.

Defect - Class 3
e Any exposed copper (last half turn and wire end
excluded).

11.1.9 Solderless Wrap - Damaged Insulation

Figure 11-21 610D-11-021

Figure 11-22 610D-11-022

Figure 11-23 610D-11-023

1. Initial contact corner
2. Split insulation, etc., between-prior to initial

contact of post.wap-terminal: Conductor is exposed.

11-7

Acceptable - Class 1,2,3
e  After initial contact with post:
« Insulation damage.
o Splits.
o Cut or fraying-en-the-wrapfrayed insulation..

Defect - Class 1,2,3
o Minimum electrical clearance violated.

Defect - Class 2,3

e  Splits, cuts or fraying of insulation between-wrap
terminals-prior to initial contact of wire to corner of
post.

«  Spacing requirements are violated.



Changes from Revision D to Revision E; references in the figure boxes refer to the source picture or indicate if a new picture
is being used.

11.1.10 Solderless Wrap - Damaged Conductors & Terminals

Target — Class 1,2,3

e Wire finish is not burnished or polished, nicked,
scraped, gouged or otherwise damaged.

e  Wire wrap terminals are not burnished, scraped or
otherwise damaged.

Figure 11-24 610D-11-024 | Acceptable - Class 1,2,3

e  Finish on the wire is burnished or polished (slight
tool marks) (A).

e The top or last turn damaged from the wrap tool such
as nicks, scrapes, gouges, etc., not exceeding 25% of
wire diameter (B).

e Damage to terminal caused by tool such as
burnishing, scraping, etc. (C)

Acceptable - Class 1,2
Defect - Class 3
» Base metal is exposed on terminal.

11.2 Jumper Wires<ALL OF THESE THROUGH-HOLE CRITERIA MOVED TO 7.5>

11.2.5 Jumper Wires—SMT <ALL OF THESE SMT CRITERIA MOVED TO 8.6>

\ 11.2113 Component Mounting — Connector Wire Dress Strai|n/Stress Relief

Wires connecting to multi-contact connectors have slack adjusted to preclude stress of individual wires.

Acceptable - Class 1,2,3

Figure 11-25 610D-11-050 ‘ «Wires exiting connsctor are positioned as they would be
e  All wires are dressed with even bends to prevent
stress at contact connections.
o Shortest wires are in direct line with center axis of
cable.

Figure 11-26 610D-11-051 Defect - Class 1

e Wires are separated from the connector.
Defect - Class 2,3

e Slack is inadequate to prevent stress of individual
wires.
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12 High Voltage

This section provides the unique criteria for soldered connections that are subject to high voltages, see 1.5.4. These criteria are
applicable to wires or leads attached to terminals, bare terminals, and through-hole connections. The requirements are to assure
that there are no sharp edges or sharp points that could initiate arcing.

Target-Class 1, 2,3

o Balled solder connection has a completely rounded,
continuous and smooth profile.

e No evidence of sharp edges, solder points, icicles,
inclusions (foreign material) or wire strands.

e Insulation clearance as close to the solder connection
as possible without being embedded.

o All edges of the terminal are completely covered with
a continuous smooth layer of solder forming a solder
ball.

o Balled solder connection does not exceed specified
height requirements.

e Insulation clearance (C) is minimal so that insulation
is close to the solder connection without interfering
with formation of the required solder ball.

Figure 12-1 New

Figure 12-2 New Acceptable - Class 1, 2, 3

e  Solder connection has an egg-shaped, spherical or
oval profile that follows the contour of terminal and
wire wrap, Figure 12-1.

e All sharp edges of the component lead and terminals
are completely covered with a continuous smooth
rounded layer of solder forming a solder ball, Figures
12-1 and 12-2 (A).

e  Solder connections may have evidence of some
layering or reflow lines, see 5.2.8.

e No evidence of sharp edges, solder points, icicles,
inclusions (foreign material) or wire strands.

o  Wire/lead outline is discernible with a smooth flow
of solder on wire/lead and terminal. Individual
strands may be discernible, Figure 12-2 (B).

e Straight-through leads facilitate ball soldering, Figure
12-2 (C).

e All sharp edges of the terminal's radial split are
completely covered with a continuous smooth layer
of solder forming a balled solder connection.

e There is no evidence of burrs or frayed edges on the
hardware.

e Insulation clearance (C) is less than one overall
diameter (D) away from the solder connection,
Figure 12-2 (D).

e No evidence of insulation damage (ragged, charred,
melted edges or indentations).

o Balled solder connection does not exceed specified
height requirements.

Figure 12-3 New
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Figure 12-4 New

This chapter was greatly condensed but there are no
changes in criteria.

Defect-Class 1, 2, 3

e Discernible sharp edges, solder points, icicles, or
inclusions (foreign material), Figure 12-4 (A).

e Evidence of edges not smooth and round with nicks
or crevices.

e  Solder follows contour of terminal and wire wrap but
there is evidence of the sharp edge of the terminal
protruding, Figure 12-4 (B).

e Evidence of wire strands not completely covered or
discernible in the solder connection.

e Terminal lug is void of solder, Figure 12-4 (C).

e Hardware has burrs or frayed edges, Figure 12-4 (D).

e Insulation clearance (C) is one overall diameter (D)
or more, Figure 12-4 (E).

e Evidence of insulation damage (ragged, charred,
melted edges or indentations).

o Balled solder connection does not comply with height
or profile (shape) requirements.
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