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VThrough—Hole Solder Joint Evaluation Training and Reference Guide

Introduction & Classification

Introduction

This Through-Hole Solder Joint Evaluation Training and Referencq Guifie provides
visual examples of acceptability requirements, defeg# S found in
through-hole solder joints on electronic assemblies. g manual s inffended for
use as an illustrated support document tgassist in the tritaigg and Wactice of

Includes ToRsumer type products suitable for applications where the major require-
ment is the function of the completed assembly, not necessarily for extended life,
reliability of eervice, or cosmetic perfection.

Class 2 Dedicated Service Electronic Products

Includes commercial type products where continued performance and extended life
is required and for which uninterrupted service is desired but not critical. Typically,
the end use environment would not cause failures through extremes of temperature
or contamination.

Class 3 High Performance Electronic Products

Includes products where continued high performance or performance-on-demand is criti-
cal, equipment downtime cannot be tolerated, end-use environment may be uncommonly
harsh, and the equipment must function when required. These high-reliability type prod-
ucts are used in such systems as life-support and aerospace.

Note: The inspector does not select the class for the part under inspection.
Documentation which epecifies the applicable class for the part under inspection
should be provided to the inspector.
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Terminology

Below are the definitions of terms you will run across while using this manual: (taken
from IPC-T-50, Terms and Definitions for Interconnecting and Fackaging Electronic Circuits)

Clinched Lead - A component lead that is inserted through a hole in a PWB and is
then bent or clinched to hold the component in place and to make metal-to-metal
contact with a land before soldering.

Cold Solder Connection - A solder connection that exhibits poor wetting, and that
is characterized by a gray, porous appearance.

Component - An individual part or combination of parts that, when together,
perform a design function.

Conductor - A single conductive (metal) path in a conductive pattern.

Contact angle - The angle formed by the edge of the solder fillet and the land’s
surface.

Dewetting - A condition that results when molten solder coats a surface and then
recedes to leave irregularly-shaped mounds of solder that are eeparated by area
that are covered with a thin film of solder and with the basis metal not exposed.

Disturbed solder connection - A solder connection that is characterized b
appearance that there was motion between the metals being joined when 2
solder was solidifying.

Excess solder connection - A solder connection that is charg
complete obscuring of the surfaces of the connected metglda
presence of solder beyond the connection area.

continued....
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Terminology

Nonwetting - The partial adherence of molten solder to a surfafe thit it has con-
tacted and basis metal remains exposed.

Spavig gafeous fragments of solder with an irregular shape.

Webbing - A continuous film or curtain of solder that is parallel to, by not
necessarily adhering to, a surface that should be free of solder.

Wetting - The formation of a relatively uniform, smooth, unbroken, and adherent film
of solder to a basis metal.

Cross-section View of a Target Plated - Through Hole

Component Component Side: The side
Side of a through-hole assembly
containing the most com-
ponent bodies. Also called
the “primary side” or the
“solder destination side.”

Barrel
Solder Side: The side that
is coated with solder in the
solder wave machine. Also
giodldeer called the “secondary side”
or “solder source side.”
Through-Hole Solder Joint Evaluation Training and Reference Guide 4



Acceptance Criteria

In this Training and Reference Guide, criteria are given for each class in one or
more of the following levels of condition —

- Target
I Acceptabe

Frocess Indicator

B ocfect

Photographs or illustrations of each condition are shown in the left column
(examples on opposite page). The level of acceptance, class(es) and descrip-
tion of the illustration are all contained in the right column. Ih the following
examples, definitions of each acceptance criterion are printed to the right
of sample photographs. For easier viewing, colored bars connect each photo-
graph or illustration to each description, with a different color used for each
acceptance level.

Notes: Accept and/or reject decisions must be based on applicable documeniz®
such as contract, drawings, specifications such as IPC-A-610 and IPC J-Qf
or other referenced documents.

Lead Free Soldering

Dendes Lead Frge

Condition Levels

Class 1,2,3

sMaracteristic indicates a condition
at, while not necessarily perfect, will
maintain the integrity and reliability of the
assembly in its service environment.

Process Indicator Class 1,2,3

A process indicator is a condition that
does not affect the form, fit and function
of a product. However, process indicators
signal a lack of good workmanship to the
customer and should be used to improve
the manufacturing process—even though
the product is considered usable.

Class 1,2, 3

A defect is a condition that is insufficient
to ensure the form, fit or function of the
assembly in its end use environment. The
manufacturer shall rework, repair, scrap,
or “use as is” based on design, service and
customer requiremente.
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Component Side - Land Coverage

Class 1,2, 3

o s e
" Properly wetted solder fillet covers 100%
- of component side land area and feathers

out to a thin edge on land area.

Class 1,2,3

0% of the component side land area is
covered with wetted solder.

References:
A-GI0E: 7.3.5.3, Table 7-4
J-STD-O01E: 6.2.2, Table 6-4

We, ted 5122 dn Barrel
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Component Side - Excess Solder

Class 1,2, 3

d bend area.

Class 1,2, 3

Class 1,2, 3

Solder in lead bend area comes in contact
with the component body or end seal.

References:
A-610E: 7.2.5.6, 7.2.5.7
J-STD-O01E: 4.16.2
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Barrel - Vertical Fill of Solder

Vioy/mi Class 2, 3

Y — == A minimum of 75% solder fill, or a total
maximum of 25% depression including both
component (primary) and eolder (second-
ary) sides is permitted.

Notes:

Minimum acceptable condition for vertical
fill of solder on Class 1 assemblies is not
epecified. Less than 100% solder fill may
not be acceptable in some applications,
e.g., thermal shock.

5O%==T"

o e

9 VThrough—Hole Solder Joint Evaluation Training and Reference Guide

Barrel - Wetting of Lead & Barrel

Class 1,2, 3

i8l wetting pres-
) side of lead

Class 2

imum of 160° circumferential wetting
O%) present on component (primary)
side of lead and barrel. Vertical fill at
75%.

Note:

Minimum acceptable condition for cir-
cumferential wetting of lead and barrel on
component side for Class 1 is not specified.

Class 3

A minimum of 270° circumferential wetting
(75%) present on component (primary)
side of lead and barrel. Vertical fill at 75%.

References:
A-G10E: 7.2.5.2, Table 7-4
J-STD-0O01E: 6.2.2, Table 6-4
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Solder Side - Wetting of Lead, Land & Barrel

Class 1,2, 3

100% solder fillet and circumferential wet-
ting present on solder (secondary) side of
solder joint.

Clags 1, 2
A minimum of 270° circumferential (75%)

wetting present on solder (secondary)
side of lead, land and barrel.

ary) side of le3d and ba

supported holes.

References:
r"-]l"jflv.'-’ﬂt-t-fl‘.‘:ﬂ A-610E: 7.32.5.4, 7.3.5.5
= J-STD-0O01E: 6.2.2, Table 6-4

A\
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Solder Side - Contact Angle

Class 1,2, 3

Class 1,2,3

solder fillet forms
a contact angle of
more than 90° due
to quantity of solder
extending over the
edge of the land.

Class 1,2, 3

Nonwetting results in
the solder forming a ball
or beading on the sur-
face. The fillet is convex [
and the contact angle
is greater than 90°, but
solder does not extend
over the land. (See notes on page 5, lead
free wetting contact angles.)

Very poor wetting results in the solder
clumping on the surface. No feathered edge
is apparent. Contact angle is irregular.

References:
A-610E: b, B.1
J-STD-O01E: 4.1&
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Solder Side - Discerning the Lead

Class 1,2,3

Lead and land are well wetted, secondary
side lead is clearly visible. Solder fillet is
concave.

Class 1

Frocess Indicator Class 2, 3

Fillet is slightly convex with good wetting,
and the lead is not discernible on the sol-
der (secondary) side due to excess solder.
However, visual evidence of the lead in the
hole can be determined on the component
(primary) side.

bent lead on compo-

; 1 ‘.+ References:

A-610E: 7.5.5
J-STD-O01E: 6.1.3, Table 6-2
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Class 1,2, 3

Class 1,2, 3

@— balls not entrapped in no-clean
s gfldue or encapsulated with conformal
coating, or not attached (soldered) to a

metal surface, or that violate minimum
electrical clearance.

Notes:

Entrapped/encapsulated/attached is intended to mean normal service environment
of product will not cause a solder ball to become dislodged.

References:
A-G10E: 5.2.7.1
J-STD-O01E: £.3.1
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Class 1,2, 3

IR Ciot 23

Solder bridging across conductors. imperfections.

etted.

Solder has bridged to adjacent noncom- Class 1

mon conductor.

gcess Indicator Class 2, 3

Solder cavities which do not reduce cir-
cumferential wetting of lead and barrel,
land coverage, or vertical fill below mini-
mum acceptable requirements for clase.

Class 1,2, 3

Solder cavities that reduce circumferential
wetting of lead and barrel, land coverage
or vertical fill below minimum acceptable
requirements for class.

References:
A-G10E: 5.2.2
J-STD-O01E: 4.1&
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[Tt Clags 1,2,3

Solder joint is smooth, shiny to satin lus-
ter, well wetted on entire land and lead.

Class 1,2,3

Cold solder joint: lumpy and poorly wetted
to land and lead.
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Class 1,2, 3

ants: There is a
bh between the

Class 1

ess Indicator Class 2

Class 3

Component coating extends into the
plated-through hole, or is embedded in
the solder connection. All other soldering
requirements have been met (see photo
below).

Solder (secondary) side exhibits 360° of
good wetting, and coating is not visible
within the connection on solder (second-
ary) side.

References:
A-610E: 7.2.5.6
J-STD-0O01E: €.1.6
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Class 1,2, 3 Class 1,2, 3

Shiny to satin luster and clean metallic E "
surfaces. . - e 5 d and lead.

Surface of lead free solder joints may be

. Class 1,2, 3
grainy or dull.

urbed solder joint: has uneven surface
rom tmovement in the connection while
cooling.

Class 1,2,3

AreSidues or rusty appearance
allic surfaces or hardware, or
er evidence of corrosion.

References: References:
A-610E: 10.6.5 A-O10E: ©.2.8&
J-STD-001E: .3 J-STD-O01E: 418, 4.16.2

A\
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Class 1,2, 3

Exposed copper on vertical conductor
edges.

Exposed basis metal at cut ends of com-
ponent leads or wires.

Notes:

Exposed basie metal on component leads,
conductors or lands from nicks, scratch-
es, dents, etc., are :

Acceptable - Class 1,
Process Indicator - Class 2, 3
Provided condition meets requireype?
for lead, conductor and land.

areas. Expose
able in these ¢
requigements arg

RefereMges:
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Class 1,2, 3

and solder.

Class 1,2,3

ured solder connection.

Notes:

Applies to printed board aseemblies
where the secondary side has had leads
trimmed after soldering. For classes 2
and 3, the solder joints need to be either
reflowed or visually inspected at 10x to
ensure that the solder connection has
not been damaged or deformed. Lead
trimming that cuts into solder fillets
shall be reflowed.”

References:
A-610E: 7.2.5.9
J-STD-O01E: 4.16, 4.18.2, *6.1.4, Fig. ©6-2
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Class 1,2, 3

The protrusion of leads beyond the con-
ductive surface is within the specified min-
imum and maximum of dimension “L.” Lead
protrusion should not allow the possibility
of violating minimum electrical spacing,
damage to solder connections due to
land deflection, or penetration of static
protective packaging during subsequent
handling.

Class 1

The lead end is visible in the solder joint
(minimum) and there is nho danger of vio-
lating electrical epacing or causing shorts
(maximum).

Maximum

" 1.5mm to 2.56mm
aximum by Class
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Class 1,2,3

aallel tofehe Bbard and direc-
Meglong Ehe connecting

Class 1,2,3

linched lead does not violate the
inimum electrical clearance (C) between
non-common conductors, and is not
greater than the similar length allowed for
straight-through leads.

Class 1,2,3

The clinched lead extends more than the
maximum height allowed for straight-
through leads for its class. (Partially
clinched leads for part retention shall be
considered as unclinched leads, and need
to meet protrusion requirements.)

The lead is clinched toward an electrically
uncommon conductor, violating the mini-
mum electrical clearance.

Minimum
Electrical
Clearance

N

References:
A-610E: 7.2.4, Figs. 7-78, 7-79,
7-80, 7-&1

J-STD-O01E: 6.1.3, Table 6-2
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- Class 1,2,3

The solder fillet appears generally smooth
and exhibits good wetting of the solder to
the parts being joined. The outline of the
parts is easily determined. A feathered
edge is created by the solder at the part
being joined.

~JRCCERAENT Clss1.2.

The solder connection must indicate evi-
dence of wetting and a smooth blend of
solder to the surface forming a contact
angle of 90° or less.

(Also see page 12, Solder Side - Contact
Angle)

References:
A-G10E: b.2.4
J-STD-001E: 4.1&
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Class 1,2, 3

Class 1,2,3

lint, dross, wire clippings, or other
Worticulate matter on assembly that are
not attached, entrapped or encapsulat-
ed — or that violate minimum electrical
clearance.

References:
A-G10E: 10.6.2
J-STD-O01E: £.3.1
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Class 1,2,3

Solder projections that violate spacing
or height requirements of the assembly
design (assembly could short out to adja-
cent board or frame when placed in final
system position).

4

Maximum
Height
Allowed

Solder projections that viofate
Electrical Clearance (C).

Minimum
Electrical
Clearance

Referelges:
A-G10E: R2.10

A\
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Class 1,2, 3

processes

Class 1,2,3

Vigthle residue from “cleanable” fluxes, or
any active flux residues on electrical con-
tact surfaces.™

** Class 1 may be acceptable after
qualification testing. Check also for flux
entrapment in and under components,
FProcesses designated “no clean” need
to comply with end product cleanliness
requiremente.

References:
A-G10E: 10.6.1
J-STD-O01E: .3.2
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Class 1,2, 3

All assembly surfaces are clean, no visible
residue.

Class 1,2, 3

Metallic areas exhibit crystalline white
deposite. White residue on PWB surface,
on or around soldered termination.”

* White residues resulting from no-clean or
other processes are acceptable provided
the residues from chemistries used have
been qualified as harmlese.

VThrough—Hole Solder Joint Evaluation Training and Reference Guide

References:
A-GI0E: 5.2.7.3
J-STD-001E: 8.5.1

Class 1,2, 3

Through-Hole Solder Joint Evaluation Training and Reference Guide
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This reference guide does not take precedence over, or replace tjfie refjuirements
from any IPC Standard or Specification. While every effort has bden nfade to repre-
sent applicable portions of the IPC J-STD-001 Rev. E and IPC-A ev. E docu-
ments, this guide may not cover all related requiremgfits ameyjs npt intknded for use

If you have comments or suggestions regarding this
Training and Reference Guide, please contact:

IPC Training
P.O. Box 389
Ranchos de Taos, NM 87557
+1 575.758.7937 (tel.)
+1 575.758.7938 (fax)
service@ipcvideo.org



