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SMT Process Guideline and Checklist

1.0 SCOPE

This document is intended to provide guidelines and assis-
tance in performing and troubleshooting the steps involved in
the process of producing printed wiring assemblies incorpo-
rating surface mounting attachment of components.

Each section contains a list of problems often observed during
a specific part of the surface mount assembly process. The list
of observed symptoms is matched by a description of causes
often associated with the symptoms. Suggestions for correc-
tion are also included. These solutions may be related to the
equipment, materials, or design. Accordingly, some of these
carrective measures cannot be implemented on the shop floor.

1.1 Environmental, Safety, and Industrial Hygiene Con-

siderations The use of some of the materials referenced in
this document may be hazardous. Precautions should be
taken to safeguard personnel and the environment, as outlined
in the appropriate data supplied with the materials used. In
addition, equipment and procedures should adhere to applica-
ble local and federal regulations.

1.2 Applicable Documents The following documents, of
the issue currently in effect, are applicable to the extent spec-
ified herein.

1.2.1 IPC?

IPC-CH-65 Guidelines for Cleaning of Printed Boards and
Assemblies

IPC-01-645 Standard for Visual Optical Inspection Aids

IPC-R-700 Suggested Guidelines for Modification, Rework,
and Repair of Printed Boards and Assemblies

IPC-SM-782 Surface Mount Land Patterns (configurations
and Design Rules)

IPC-SM-786 Recommended Procedures for handling of
Moisture Sensitive Plastic IC Packages

IPC-SM-840 Qualification and Performance of Permanent
Polymer Coating (Solder Mask) For Printed Boards

1.2.2 Joint Industry Standards’

J-8TD-002 Solderability Test for Component Leads, Termina-
tion, Lugs, Terminals and Wires

J-STD-003 Solderability Tests for Printed Boards

J-STD-004 Requirements for Soldering Fluxes

J-STD-005 General Requirements and Test Methods for
Electronic Grade Solder Paste

2.0 HANDLING

Handling is one topic that is not confined to a specific area of
the manufacturing operation. Handling problems are a ““cradle
to grave” issue for which no one will claim responsibility; yet
the impact on the surface mount process yield is substantial.
Every major step covered in this guideline, from adhesive appli-
cation to cleaning of surface mount assemblies, relies on a
comprehensive component and assembly handling strategy.
Handling can’t be the concern of a single group in the manu-
facturing environment and must be-an integral part of each
process step in the surface mount assembly line. Although the
general format of this document is problem-cause-corrective
action, the following handiing items need to be considered
throughout the entire surface mount assembly process.

2.1 Electrostatic Discharge (ESD) Concerns The follow-
ing are ESD concerns:

1) Has process machinery been properly grounded?

2) Have work stations and storage areas been properly
grounded? 3

3) Are other environmental controls (i.e., ionizers, humidifiers,
etc.) in place to reduce the occurrence of ESD?

4) Have operators and all other employees who may handle
components or swface mount assemblies been properly
trained to use ESD precautions such as wrist straps or
other similar preventative measures?

5) Have the component packaging and assembly containers
been reviewed for potential ESD problems?

6) Have ESD sensitive parts been identified and sufficiently
protected?

2.2 Component Leads The following are concerns regard-
ing component leads:

1) Has component lead coplanarity been addressed following
manual or automatic lead forming operations?

2) Has component lead solderability concerns in relation to
handling been reviewed and precautions taken where
deemed necessary?

2.3 Storage The following are concerns regarding storage:

1) Have the effects of the storage environment on compo-
nents, materials or assemblies been reviewed within your
manufacturing environment?

2) Does your handling system have a method of monitoring
shelf life issues of stored components or assembly materi-
als to prevent unacceptable material from being issued into
the manufacturing environment?

1. Institute for Interconnecting and Packaging Electronic Circuits, 7380 N. Lincoln Avenue, Lincolnwood, IL 60646
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3) Would the use of date codes on assembly materials and
components be beneficial in ensuring timely usage?

2.4 Interim Handling The following are concerns regarding
interim handling:

1) Would the use of dedicated assembly or component carri-
ers prevent handiing defects between process operations?

2) Have operators and assembly routers who handle compo-
nents or surface mount assembilies between process oper-
ations been properly trained and made aware of their
potential impact on the assembly process?

3.0 INCOMING INSPECTION OF MATERIALS
AND COMPONENTS

Surface mount assembly complexity can range from just a few
components to several hundred on one printed wiring board
(PWB). Adhesives, solder, flux, printed circuit boards, heat
sinks, and components are just some of the variety of “build-
ing blocks” used in surface mount technology (SMT) assem-
bly. The breakdown of form, fit, or function of just one of these
building blocks can result in a rework operation or even the
rejection of a completed assembly. Incoming inspection of the
materials and components which comprise an assembly is one
method of reducing, or eliminating, the possibility of this situ-
ation occurring. Incoming inspection can accomplish two pur-
poses:

1. Conformance of Material to Specification Require-
ments Surface mount assembly costs rise sharply when
nonconforming materials find their way into the manufactur-
ing process. Important key material characteristics can be
identified and checked prior 1o the relase of the material to
the manufacturing floor. Conformance testing can also be
utilized for evaluating materials which can degrade over
time, such as solderability or adhesive shelf life.

2. Vendor Evaluation When a particular material or compo-
nent is procured from several different sources, incoming
inspection can be used for evaluation comparisons. The
comparison may reveal one particular vendor which sup-
plies a material more consistently and with less variation
between different material lots. This type of data can be
shared with vendors to improve a particular assembly man-
ufacturing process or be incorporated into a vendor rating
system.

Incoming inspection of materials and components should have
a defined purpose and be performed in conjunction with a
good statistical process control plan. Emphasis on a well-
pianned incoming inspection system results in lower manufac-
turing costs through fewer surface mount assembly defects
and a reduction in the number of surface mount assembly
scrapped.

4.0 ADHESIVE APPLICATION

In surface mount technology the most prevalent use of adhe-
sives is for component retention prior to, and during, bottom
side wave soldering.

The most common method of adhesive application is auto-
matic syringe dispensing. Hand syringe dispensing is also
used for lower volumes and rework/repair operations. Pin
transfer is another method often used in high volume, low mix
operations.

Control of adhesive location and material properties for effec-
tive dispensing are the most common difficulties encountered.

This section presents a general listing of problems encoun-
tered in the adhesive application process, potential causes,
and suggestions for corrective actions. These solutions may
be related to equipment, materials, design, or prior processes.
Accordingly some of the solutions cannot be immediately
implemented on the shop floor.

4.1 Dispensing

4.1.1 Dispensing One Part Adhesive

4.1.1.1 Ohserved Condition: Stringing Most frequently
related to both dispenser and adhesive.

A. Equipment/Process Related

Corrective Action
Reduce pressure

Potential Cause

1. Digpenser pressure too
high
2. Dispensing period too long

Increase nozzle tip size

3. Nozzle too far from sub- Reduce distance of nozzle to
strate substrate

Use vacuum suck back

5. Adhesive on soldering sur- | Change direction of nozzle
face travel

6. Tip length too long Shorten tip
B. Material/Prior-Process Related

4. Nozzle drools

Potential Cause Corrective Action

1. Viscosity of adhesive too Lower viscosity

high Increase, reservoir temperature
2. Viscosity of adhesive too Reduce reservoir temperature
low
3. Plastic fiow of adhesive Chaoose more thixotropic
(dribble) material

4. Air in adhesive

Remove air by centrifuging

4.1.1.2 Observed Condition: Nozzle Clogging Most fre-
quently related to down time, curing, and foreign matter.

A. Equipment/Process Related

Potential Cause Corrective Action

1. Down time too long

Follow adhesive manufactur-
ers’ recommendation

Anaercbic action—do not use
copper or brass; use

passivated stainless steel or
plastic.

2. Reaction with nozzle or tip

2
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B. Material/Prior-Process Related

A. Equipment/Process Related

Potential Cause

Corrective Action

Potential Cause

Corrective Action

1. Reaction by absorption of
moisture (epoxy)

Keep nozzle tip closed during
down time

1. Insufficient energy

Adjust cure time/temperature
Check output of UV lamps

2. Mixing of two different
adhesives

Thoroughly clean system
when changing adhesives

4.1.1.3 Observed Condition: Skipping and Insufficient

Adhesive Most frequently related to clogged nozzle.

2. Too much energy which
damages components

Reduce temperature

Select another adhesive with
different cure cycle

A. Equipment/Process Related

B. Material/Prior-Process Related

Potential Cause

Corrective Action

1. Local heat sinks

Move components on PWB

Potential Cause

Corrective Action

1. Clogged nozzle, bubbles,
and foreign material

Remove cured adhesive,
lumps, air

2. Worn or bent nozzle tip

Replace tip

3. Insufficient height

Dispense adhesive on top of
original dot (double dispense)

4, Variation in dot size

Check dispenser output for
consistency

2. Heat sensitive components

Move components to bottom
side, IR heat top side

4.1.1.6 Observed Condition: Lost Components Most fre-
quently related to insufficient cure, poor bond or adhesive, or

non-wetted component.

A. Equipment/Process Related

B. Material/Prior-Process Related

Potential Cause

Corrective Action

Potential Cause

Corrective Action

1. PWB not flat

Obtain flat boards
Check hold down

2. Viscosity too high for noz-
zle tip and pulse rate

Reduce viscosity
Heat reservoir
Select another adhesive

3. Insufficient height and/or
excessive spread

Increase viscosity

Select a more thixotropic
adhesive

Cool reservoir

4.1.1.4 Observed Condition: Excessive Adhesive Most
frequently related to thixotropic properties of adhesive, temper-

ature of reservoir, and equipment controls.

A. Equipment/Process Related

Potential Cause

Corrective Action

1. Low viscosity

Lower reservoir temperature

2. Dispenser pressure too
high

Lower pressure

3. Tip size too large

Reduce tip size

B. Material/Prior-Process Related

Potential Cause

Corrective Action

1. Low viscosity

Increase adhesive viscosity

Select adhesive with higher
thixotropic ratio

1. Insufficient cure

Check time/temperature and
energy level of cure cycle

2. Adhesive bond

Decrease time between
placement and cure

3. Adhesive dot too low with
insufficient component con-
tact

Print second dot on top of
original dot

Increase tip size

4. Fast speed and stop in X-Y
movement

Increase initial tackiness of
adhesive

Reprogram/reduce speed of
placement

5. Poor placement of compo-
nent

Realign equipment

6. Uncured adhesive (UV)

Place two dots either side of
component

B. Material/Prior-Process Related

Potential Cause

Corrective Action

1. Adhesive bond/strength

4 cleanliness/bondability with

Check PWB and component

adhesive

2. Adhesive dot too low with
insufficient component con-
tact

Use high dot profile adhesive
and high viscosity for initial
tack

3. Adhesive. shrinkage during
cure

Select another adhesive

2. Excessive spread

Select another adhesive

4.1.1.5 Observed Condition: Insufficient Cure Most fre-
quently related to insufficient curing energy leaving soft,

gummy, or tacky adhesive.

surfaces.

4.1.1.7 Observed Condition: Adhesive Voids Most fre-
quently related to the presence of maisture in adhesive or on

A. Equipment/Process Related

Potential Cause

Corrective Action

No information available
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B. Material/Prior-Process Related B. Material/Prior-Process Related
Potential Cause Corrective Action Potential Cause Corrective Action
1. Moisture in adhesive Check adhesive for excess 1. Insufficient adhesive on pin | Adjust viscosity and
moisture thixotrophy
If excessive, cease use and 2. Adhesive drops off during | Increase viscosity
determine and eliminate transfer
source of moisture
2. Absorbed moisture on bare | Bake PWB before using 4.1.3.3 Observed Condition: Excessive Adhesive Most
PWB adhesive frequently refated to flow properties of adhesive and variations
Check solder mask for poros- in temperature of the reservoir.
ity
3. Absorbed moisture on sur- | Bake components before A. Equipment/Process Related
face of component assembly Potential Cause Corrective Action
4.1.2 Dispensing Two Part Adhesive Similar to 4.1.1 with 1. Pin size too large Reduce pin size
a requirement that if recommended mixture ratio is not met, 2. Too much adhesive on pin | Reduce depth in reservoir
the cure will not be satisfactory with a potential loss of com- 3. Adhesive reservoir/pin plate | l.evel adhesive reservoir

not coplanar

ponents.
4. Pins have become rough Replace pins

4.1.3 Pin Dip Transfer 5. Build up of adhesive on pin | Clean pins

6. Decreased distance Correct spacing
between pin and PWB

4.1.3.1 Observed Condition: Stringing Most frequently
B. Material/Prior-Process Related

related to withdrawal rate and viscosity.

Potential Cause Corrective Action
A. Equipment/Process Related 1. Viscosity increased Adjust viscosity
Potential Cause Corrective Action 2. Wrong pins used Replace pins
1. Rate of pin withdrawal CorrTzct speed of vertical
trave

5.0 SOLDER PASTE APPLICATION
Several solder paste application techniques are used to trans-

2. X-Y movement during with- | Correct horizontal movement

drawal - - fer solder paste to areas being joined. The most commonly
B. Material/Prior-Process Related used methods include: stencil printing, screen printing, and

Potential Cause Corrective Action syringe dispensing. Less common techniques, such as direct
1. Viscosity too high Reduce viscosity pin transfer and wheel transfer, are used for some special
2. Flow properties do not Select adhesive with proper applications. With the trend toward use of components having
match pin travel properties : closer and closer lead spacing, error-free application of solder
3. Viscosity too low Increase viscosity so adhesive paste is more difficult and the direct relationship between poor

does not drip quality application and final yield is more apparent.

Poor application can cause five common defects: insufficient
solder, excess solder, shorts, opens, and solderballs. Each of
these defects can be the result of one or more of the following

4.1.3.2 Observed Condition: Skipping and Insufficient
Adhesive Most frequently related to amount of adhesive in

ins. . . .
P symptoms: insufficient solder paste deposited, excess solder
! paste deposited, wet bridging, or misplaced solder paste.
A. Equipment/Process Related Each of these symptoms can be the result of a variety of
Potential Cause Corrective Action causes.
1. Pin size too small Increase pin size
2. Pin shape incorrect Select different pin shape 5.1 Stencil Printing
3. Pin does not wet Clean pin and/or change
material 5.1.1 Observed Condition: Insufficient Solder Paste
4. Pin immersion incorrect Check pin position and reser- Deposited In order for enough solder paste to be deposited
voir depth in the area to be soldered, the volume of the stencil opening
5. Reservoir withdrawal rate | Check rate of withdrawal should be approximately equal to the desired amount of wet
incorrect solder paste.
6. Withdrawal from PWB Reduce speed of withdrawal ; .
incorrect :
4
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Potential Cause

Corrective Action

Potential Cause Corrective Active

1. Stencil too thin Increase stencil thickness

General Guideline of Stencil Thickness for Various Applications

Stencil Components

8-20 mils chip components only

8 mils leaded with >31 mil pitch
6 mils leaded with 20-25 mil pitch
<6 mils finer lead spacing

Potential Cause Corrective Action

2. Stencil opening too smalt increase stencil opening

The width of a stencil opening is usually defined as the small-
est dimension in the X-Y plane. If the width of the opening is
t0o small when compared to the thickness of the stencil, it will
be difficult for the solder paste to release from the stencil hole.
Examine the smallest holes in the stencil after printing. If sol-
der paste is hanging-up in these holes, but not in the larger
ones, it is possible that the stencil is too thick or the openings
are too narrow.

If it is absolutely necessary to use a thick stencil with narrow
openings, then one can attempt to accelerate the release of
the solder paste from the stencit by increasing the snap-off
distance to 50 to 90 mils. With this method the solder paste
has a better chance of pulling away from the stencil, but there
will also be a greater chance of print misalignment.

Potential Cause Corrective Action

3. Stencil defects Check quality of stencil

In addition to design defects in stencils, various stencil manu-
facturing defects are also possible, such as incomplete etch,
improper image placement, or rough surfaces inside the sten-
cil holes. If too little solder paste is consistently observed on
one part of the board, then examine the carresponding section
of the stencil for possible defects.

Potential Cause Corrective Action

4. Squeegee blade too soft Soft squeegee blades pres-
sure deform and scoop solder
paste out of the large stencil
holes, particularly when used
with high squeegee pressure.
Squeegee blades with a
durometer hardness less than
80 are considered soft. Ven-
dors usually manufacture
blades in 5 to 10 durometer
increments.

5. High squeegee travel
speed

The squeegee travel speed
may be too fast for the solder
paste and stencil design
used. If the squeegee speed
is not slow enough the paste
may not roll or flow evenly
into the stencil openings. Nor-
mal squeegee travel speeds
range from 0.5-2.0in./
second. The solder paste
vendor should be consulted
for the recommended range
for a given formulation.

6. Snap-off distance too
small

Some solder paste users
attempt to print with thicker
than recommended stencils
having very narrow openings
to compensate for common
component problems, such
as lead non-coplanarity. As a
result, there is a greater ten-
dency for the solder paste to
adhere to the walls of the
stencil hole. One way to com-
pensate for this is to increase
the starting distance between
the stencil and circuit board
and correspondingly increase
the squeegee pressure to
force the stencil to the circuit
board and solder paste
through the holes.

The solder paste pulls more
easily out of the stencil holes,
because the stencil starts to
lift from the board immediately
after the squeegee passes.
This technigue is not normaily
recommended, because the
incidence of print misalign-
ment and smear is increased.

7. Improper squeegee
pressure

if squeegee pressure is too
light, solder paste may not be
effectively forced to the bot-
tom of the stencil hole and
will not transfer to the pad. If
the pressure is too strong it is
possible that the squeegee
blade will deform and scoop
solder paste out of the larger
stencil openings. To properly
adjust the squeeges, first
decrease pressure until a thin
layer of solder paste is left on
the stencil after making a
pass. Pressure should then
be incteased slowly until all of
the paste is cleaned off the
stencil after each pass.
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B. Material/Prior-Process Related

Potential Cause

Corrective Action

Potential Cause

Corrective Action

1. Too little tackiness

The solder paste may not be
tacky enough for the given
print parameters. In order for
solder paste to roll in front of
the squeegee blade, instead
of slide, it must have sufficient
tackiness to adhere to the
stencil material. A solder
paste which does not roll has
difficutty filling all of the holes.
Solder paste tackiness is
most easily controlled by the
vendor when deveioping the
formulation, but may also be
enhanced by increasing the
flux percent or by raising the
solder paste temperature.

5. Viscosity too low

Low viscosity solder pastes
can be scooped out of large
stencil holes, leaving a thinner
deposit than on other pads.
This normally happens when
low viscosity solder paste is
used in combination with soft
squeegee blades and high
squeegee pressure. Although
the solder paste vendor can
increase the solder paste vis-
cosity, the best way to handie
this problem is by using a
harder squeegee blade.

2. Too much tackiness

It is also possible for a solder
paste to be too tacky for a
given application. If the solder
paste is so tacky that it hangs
up in the stencil holes without
fully transferring to the pads,
then it is too tacky.

3. Large or irregular solder
particles

Particles which are too large
or irregular may have difficulty
being forced into small stencil
openings. If there is any
doubt about the solder pow-
der particle size or shape, it
can be examined by spread-
ing out a small quantity of
solder paste under a 10X to
100X microscope.

4. Viscosity too high

The solder paste viscosity
may be too high for the print
parameter being used. it is
difficutt to force very viscous
solder paste into narrow sten-
cil holes unless the other
paste characteristics are
properly balanced. In order to
maintain consistency, it is
best for the solder paste ven-
dor to make any permanent
viscosity changes; however,
as a temporary step, it may
be lowered by increasing the
solder paste temperature,
adding thinner to increase the
flux percent, stirring vigorously
or increasing the squeegee
speed.

6. Low percent metal

The percentage of metal in
the solder paste may be lower
than required to give a proper
sized solder joint. Even
though the stencil opening
may be properly designed for
printing, solder pastes having
too low a percentage of metal
may not give a sufficiently
large joint after reflow. Solder
paste vendors report the
amount of metal in solder
paste as a weight percent.
Because of the large differ-
ence between the solder and
flux, approximately 7:1, a
small change in metal weight
percent has a larger effect on
the metal volume percent.
Consult the solder paste ven-
dor if it appears that too little
solder is in the joint area,
even though the recom-
mended amount of solder
paste is being deposited.

7. Bubbles in solder paste

Bubbles may surface in the
solder paste as it rolls in front
of the squeegee, either as the
result of air entrapment or as
an inherent characteristic of
the flux thickening system.
Bubbles can prevent the cor-
rect quantity of solder paste
from being deposited in the
stencil holes by displacing
solder paste. The solder
paste vendor should be con-
sulted if bubbles continue to
be observed after several
sgueeqee passes.

8. Low solder paste
temperature

Solder paste used at lower
than normal operating tem-
peratures will have a higher
than published viscosity. The
lower viscosity may cause the
solder paste to slide on the
stencil and not be pushed
through the holes. Consult the
solder paste vendor for atter-
natives if the solder paste or
environment cannot be
warmed up.

6
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A. Equipment/Process Related

Potential Cause

Corrective Action

Potential Cause

Corrective Action

9. High solder paste
temperature

As temperature increases, the
viscosity of solder paste will
decrease. Lower viscosity sol-
der paste has a tendency to
be scavenged from the pads
by soft squeegee blades.

10. Not enough solder paste
on stencil

If too little solder paste is
used, it is difficult to get
proper roll in front of the
squeegee and some holes
may be skipped. A round
bead of solder paste, approxi-
mately 1/2 inch to 1 inch in
diameter, is normally recom-
mended.

5.1.2 Observed Condition: Excess Solder Paste Depos-
ited Excess solder after reflow or solder shorts caused by

excess solder paste deposits and wet bridging.

Although it is very difficult to create excessively heavy fillets by
any means other than depositing too much solder paste, there
are many reasons for the creation of solder shorts or bridges:
improper reflow profile, excessive component placement pres-
sure, component movement, improper solder paste, or incor-
rect solder paste application.

There are many signs of incorrectly applied solder paste,
including: large deposits, wet bridges, smeared print, or mis-

placed print.

3. Inadequate stencil frame
size

Because stencils are
anchored within finite frames,
the center of the stencil is
capable of greater displace-
ment from the frame plane
than the stencil edges. When
using small snap-off dis-
tances, the ability of the
squeegee to press down on
the stencit will not be
affected. Inconsistent print
thickness and wet bridging is
possible when using large
snap-off distances. If consis-
tent wet bridges or smeared
prints are found at the edges
of the stencil near the frame,
but not near the center, then
consider decreasing the
snap-off distance or using a
larger frame size.

A. Equipment/Process Related

Potential Cause

Corrective Action

1. Damaged stencil

One very frequent cause of
wet bridging is damage to the
stencil. In order for solder
paste to print cleanly, intimate
contact between the stencil
and circuit board must be
maintained as the squeegee
passes the opening. Fre-
quently, the fragile stencil area
between adjacent holes can
be bent slightly. The bent area
allows solder paste to pass
underneath the stencil and
form a wet bridge. If one con-
sistently observes poor quality
print in one area of the board,
then one should look for
damage in the corresponding
area of the stencil.

4, Stencit not centered in
frame

When using fixed rail in-line
assembly systems, the stencil
surface is not centered in the
frame; instead, it is oriented
relative to the fixed rail.
Unequal stencil deflection is a
common cause of inconsis-
tent print because the edge of
the stencil close to the frame
will not come in contact with
the board as easily as the
center of the stencil. If an
unbalanced stencil must be
used, then one should use
on-contact print with the cor-
responding stencil thick-
nesses and print parameters.

2. Stencil defects

If the stencil is not properly
imaged or etched, inconsis-
tency will exist from opening
to opening. Improper imaging
or etching can cause some
holes to be larger than others
and stencil areas between
holes may become very nar-
row. If this happens, one can
expect a higher occurrence of
wet bridges.

5. Improper tension of screen
border

If the screen border around
the stencil is loose or has
been stretched in one direc-
tion, there will be more stencil
movement in the X-Y plane.
As the stencil moves in the
X-Y plane, the likelihood of a
smeared print increases. X-Y
stencil movement increases
as squeegee pressure is
increased, because the
amount of friction between
the squeegee blade and sten-
cil surface is increased. It is
common to find X-Y move-
ment when using thick sten-
cils with high snap-off
distances and greater than
normal squeegee pressures.

Poor circuit board design or
quality can effect solder paste
printing. It is very difficult to
get a consistent print on an
inconsistent surface.
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Corrective Action

Potential Cause

Corrective Action

6. Squeegee speed too fast

At high squeegee speeds,
solder paste will shear thin
and heat up. As this happens,
the solder paste viscosity
drops. If the drop is large
enough, there will be a deteri-
oration of print definition. This
can be seen by the increased
formation of wet bridges and
poorly defined mounds of sol-
der paste. If the print quality
is good, but there is a gradual
deterioration, the squeegee
speed should be decreased.
If this is not possible, then the
solder paste manufacturer
should be consulted for fur-
ther recommendations.

7. Environment too warm

Not all solder paste users
have the ability to control their
working environment.
Because solder paste gener-
ally thins as temperature
increases, room environment
plays an important role in
printing quality. If the room
temperature cannot be con-
trolled, the solder paste ven-
dor should be consulted.

1. Incorrect solder particle
size

As the size of the stencil
openings decrease, the size
of the solder particles in the
paste should also be
decreased. Solder particles
having a diameter in the
range of 45-75 microns are
recommended for most appli-
cations where stencil open-
ings are greater than 14 mils
wide. Although it is possible
to print through smaller open-
ings with the large particle
size, it is easier using smaller
particles. Most solder paste
vendors can pravide several
different particle size ranges
depending on the needs of
the application.

if good solder paste deposit
definition is seen on the large
pads, but not on the small
pads, check to make sure
that the proper particle size
solder paste is being used.

8. Heat generated by screen
printer

After prolonged periods of
use, some screen printers
generate heat which affects
the solder paste and stencil.
This heat generation reduces
the solder paste viscosity and
changes print quality. Consult
the equipment manufacturer
for recommendations or the
solder paste vendor for a sol-
der paste designed for higher
operating environments.

2. Viscosity too low

Most higher viscosity solder
pastes leave more sharply
defined solder paste deposits
than low viscosity solder
pastes. If the solder paste
viscosity is too low, it may be
difficult to control the quantity
of solder paste deposited and
wet bridging. Solder paste
viscosity decreases as tem-
perature and shear on the
solder paste increases. It may
not be necessary to change
solder pastes, only reduce the
operating temperature or
squeegee speed.

9. Squeegee pressure 100
low

Unless sufficient squeegee
pressure is applied, the sten-
cil will not come into contact
with the circuit board and sol-
der paste will not be cleaned
thoroughly from the stencil
surface. With the stencil not in
contact with the board,
excess solder paste is
extruded into an area
between the stencil and the
board. In addition, any added
thickness of solder paste left
directly above the stencil
holes is deposited.

10. Squeegee blade angle
too small

With flat blade sgueegees, as
the angle of the blade to
stencil plane decreases, the
amount of deformation of the
blade increases. Excess sol-
der paste will be deposited if
the blade is not able to push
the stencil into contact with
the board or wipe the stencil
Clean.

3. Solder paste too tacky

Although a solder paste must
have sufficient tackiness to roll
in from the squeegee blade,
the solder paste should have
a greater tendency to stick to
itself rather than to the stencil.
This helps solder paste
release cleanly from inside the
stencil walls as the stencil lifts
away from the circuit board. If
the solder paste is too tacky,
it will be very difficult to con-
trol print quality and the
occurrence of wet bridging
may increase. Tackiness is
most easily controlled by the
solder paste vendor.

It is best to consuit the solder
paste vendor for material rec-
ommendations. They may not
always be aware of the spe-
cific requirements of one’s
process.

8
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Corrective Action

4., Board warpage

Non-planar circuit boards
make printing very difficult,
because the stencil has trou-
ble making intimate contact
with the board. The gaps
between the stencil and cir-
cuit board may fill up with
solder paste resulting in a
smear, wet bridge, or excess
deposit. Most screen printers
are equipped with a vacuum
plate which can test and
compensate for minor board
warpage. If a tight seal is
achieved between the vacuum
plate and the board, then the
circuit board is generally pla-
nar enough to get a good
print. Off-contact printing with
increased squeegee pressure
also helps compensate for
board warpage.

7. Lack of soldermask
between pads

Most circuit boards have
soldermask separating every
pad. Apart from the electrical
considerations, soldermask
performs several other impor-
tant functions. It helps make a
seal between the stencil and
circuit board and forms a well
into which the solder paste
can be deposited. It is com-
mon to observe inconsistent
soldermask height between
adjacent fine pitch pads.
Some circuit boards are
designed with no soldermask
between close pads, making
it virtually impossible to guar-
antee a clean, consistent
print.

5. Inconsistent circuit board
surface

Even though a circuit board
may be planar, it may still be
difficult for the stencil to come
into contact with all segments
of the board. It is rare that
one will find a circuit board
which contains soldermask
and has a perfectly smooth
surface. Some types of mask,
such as dry film, tend to have
smoother surfaces than oth-
ers, but there is still no guar-
antee. If the stencil cannot
come into contact with the
circuit board, then the inci-
dence of excess solder, wet
bridges, and smeared prints
increases.

8. Circuit board paftern
misalignment

It is very common to see the
pads on a circuit board vary
location by several mils. This
does not normally cause diffi-
culties when working with 50
mil center devices or chip
components, but can cause
problems when doing fine
pitch assembly. Very little can
be done short of using a
vision system to realign the
stencil for every print. If a
vision system is not available,
the other effects that contrib-
ute to misalignment should be
reduced by decreasing snap-
off distance and squeegee
pressure.

8. Inconsistent solder pad
height

It is common to find hot air
leveled boards with solder
deposit heights varying from
1-3 mils. The variation can
occur from pad to pad or
between different areas of the
same pad. Inconsistent height
is a problem, because stencil
openings are not normally the
same size as the pad and
some part of the stencil usu-
ally comes in contact with the
solder deposit, leaving other
areas of the stencit away from
the board. Solder paste is
then squeezed under the
stencil in the areas that do
not meet the board.

Pattern misalignment, stencil
misalignment, and stencil
movement all increase this
problem by moving the edge
of a stencil opening closer to
the pad center where the
deposit is generally thicker.

Circuit boards with bare cop-
per or thin solderable coatings
are the easiest to print solder
paste onto, because they
have the most level surface.
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5.1.3 Observed Condition: Solder Paste Will Not Roll in
Front of the Squeegee If the solder paste does not roll in
front of the squeegee, then it is more difficult to fill the holes in
the stencil. The solder paste may skip over the holes.

A. Equipment/Process Related

Potential Cause Corrective Action

No information available
B. Material/Prior-Process Related
Corrective Action

Potential Cause

1. Too little solder paste on
the stencil

In general, solder paste will
adhere to itself rather than
adhere to anything else. A
minimum amount is required
to ailow the solder paste to
come in contact with both the
squeegee and board without
adhering to one or the other.

B. Material/Prior-Process Related

Potential Cause Corrective Action

2. Solder paste viscosity too If solder paste slides over the

high stencil and adheres to the
blade, then there is a good
chance that the viscosity is
too high for the application.
High viscosity may be a resuft
of the formulation, inadequate
shear from the squeegee, or
low working temperature.

If tackiness is too low, then
the solder paste will not be
able to adhere to the stencil.
If the solder paste cannot
adhere 1o the stencil, then it
will slide over the stencil
rather than roll.

2. Insufficient solder paste
tackiness

Although some applications
favor stringy solder paste, it is
generally undesirable for sten-
cil printing. The solder paste
vendor should be consulted.

3. Solder paste is too stringy
for application

5.1.5 Observed Condition: Solder Paste Hanging Up in
the Stencil Holes A balance of properties: tackiness, vis-
cosity, stencil design, and print parameters contribute to the
solder paste’s ability to reiease cleanly from the stencil holes.
Rarely is there only one cause.

A. Eguipment/Process Related
Potential Cause Corrective Action

3. Viscosity too high Viscosity should be balanced
with tackiness to yield solder
paste with the best printing
characteristics possible. If sol-
der paste viscosity is too high
in combination with low tacki-
ness, the solder paste will
slide over the stencil rather
than roll.

5.1.4 Observed Condition: Solder Paste Adheres to the
Squeegee at the End of the Stroke in order for either dia;
mond or flat blade squeegees to perform in a bi-directional
print mode they must be able to lift cleanly away from the sol-
der paste at the end of the stroke. Solder paste must remain
on the stencil for the return pass.

A. Equipment/Process Related

Potential Cause Corrective Action

No information available

B. Material/Prior-Process Related

1. Stencil too thick Stencils which have a high
stencil thickness to opening
width ratio are difficuft to print
with, Most solder pastes will
adhere to the walls of the
stencil hole. If the force hold-
ing the solder paste to the
walls of the hole is greater
than the force between the
paste and the circuit board,
there will not be a clean and
consistent print. Stencil thick-
ness must be decreased as
the dimensions of the stencil
hole are decreased.

2. Snap-off distance too Cone-shaped deposits are
smalt caused by the solder paste
adhering to the stencil hole
walls as the stencil is
removed from the circuit
board. A larger snap-off dis-
tance can cure the problem
by pulling the solder paste
out of the hole before it has a
chance to set up. Higher vis-

Potential Cause Corrective Action cosity and fower tackiness
1. Insufficient solder paste on | Most solder pastes will solder pastes also print more
the stencil adhere better to themselves Cleanly.
rather than a squeegee blade. B. Material/Prior-Process Related
If too little solder paste is - - ;
used, there will be insufficient Potential Cause Corrective Action
mass to break the adherence 1. Solder paste viscosity too | Solder paste with a viscosity
to the blade. high too high for the application
may have difficulty being
forced to the bottom of the
stencil hole or may set up
and have difficulty transferring.
10
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A. Equipment/Process Related

Potential Cause

Corrective Action

Potential Cause

Corrective Action

2. Improper solder paste
tackiness

Solder pastes can have trou-
ble printing if they are either
too tacky or not tacky
enough. A solder paste which
is not tacky enough will not
roll. A solder paste which is
too tacky will adhere too
strongly to the walls of the
stencil hole and not transfer
cleanly.

3. Solder paste particle size
too large

The smaller the size of the
solder powder used to make
the solder paste, the easier
the solder paste will print,
because there is less friction
between particles. Disadvan-
tages to using very small sol-
der particles include greater
solder paste slump and
increased occurrence of
solderballs. It is best to use
the largest particle size available
which wilt still print cleanly.

5.1.6 Observed Condition: Lateral Deposit Skips It is

very common to have poor print quality in only one section of
the circuit board while the rest of the circuit board is printed
cleanly. A number of factors can contribute to this.

A. Equipment/Process Related

4. Sgueegee blade not level

Some squeegees have fixed
positions, while others rock or
float in order to remain parallel
with the stencil. If one side of
the stencil is not wiping clean,
then the squeegee may be
level.-If large streaks of solder
paste remain on the stencil,
then the squeegee blade may
be damaged or else there
may be something peculiar
about the way the squeegee
blade is fixed in the squeegee
blade holder.

Some squeegee blade hold-
ers use screws or hex bolts
to hold the blade securely.
When tightened, the bolts
may put pressure on the soft’
rubber squeegee blade caus-
ing it to deform. As this hap-
pens, the cross-section of the
blade elongates in the area of
the bolts and the squeegee
blade edge becomes non-
linear. Since some areas of the
blade protrude farther than oth-
ers, greater pressure is put on
the stencil in these areas.

B. Material/Prior-Process Related

Potential Cause

Corrective Action

Potential Cause

Corrective Action

S

1. Improperly made stencil

Make sure that the stencil is
not too thick for the width of
the opening being printed. If
solder paste is continually
hanging up in the hole then
this is a strong possibility.
Also check the area which is
printing poorly for signs of
inconsistent etch. If the stencil
is off center in the frame, then
adjustments should be made
to print technique.

2. Damaged stencil

Examing the area of the sten-
cil which is having consistent
problems. If the stencil is
bent, buckled, or dented (even
slightly}, then this may be the
cause of the problem. A deci-
sion must be made, whether to
accept the poor quality print or
use a new stencil.

3. Inconsistent vacuum

Most manufacturers will use a
vacuum plate to hold the cir-
cuit board in place and com-
pensate for minor non-
planarity. If there is
inadequate vacuum, inconsis-
tent vacuum, or a vacuum
leak, then part of the board
may not be level. Make sure
that no vacuum holes are in
the same location as via holes
in the circuit board.

1. Circuit board not planar

If the circuit board is warped,
then it is very likely that cer-

tain areas of the board will be
printed differently than others.

5.1.7 Observed Condition: Inconsistent Print When the
Squeegee Travels in Opposite Directions Although
bi-directional printing should yield the same results when trav-
eling in either direction, this is not always the case. In most
cases, the inconsistency can be traced to print parameters.

A. Equipment/Process Related

Potential Cause

Corrective Action

1. Inconsistent sgueegee
speed

Although the squeegee travel
speed is supposed to be
identical when traveling in
either direction of
bi-directional print, this is not
always the case. Time the
speed of the squeegee to
make sure that the speeds
are identical, With machines
that have independent speed
settings for both directions, it
will be easy to adjust the
speed so that it is consistent.
If independent settings cannot
be made and the speeds are
not identical, then the equip-
ment manufacturer should be

consuited.
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Potential Cause

Corrective Action

2. Inconsistent travel distance | In order to get a consistent
print, particularly when using
off-contact print, the distance
the squeegee travels past the
stencil pattern should be
identical in both directions.
This will reproduce the
amount of stencil peel and
solder paste set-up time in
both directions.

3. Inconsistent squeegee Independent adjustments to

angle squeegee angle can be made
on screen printers having a
double flat blade system.
Independerit blades are used
to print in either direction. In a
screen printer, which has a
single-diamond blade squee-
gee, problems may arise
when the squeegee is not
tight or some of the fixturing
parts have begun to wear. It
is mot uncommon to find the
angle of the squeegee blade
changing slightly when print-
ing in opposite directions as
the print head rocks in a worn
or loose fixture.

5.2 Screen Printing Screen printing is different from stencil
printing. A mesh screen, blocked off in the areas not to be
printed by a polymer emulsion, is used in place of a metal
mask stencil. Screen printing always requires the use of a
snap-off and has different limitations in the type of circuitry
which can be printed. it is difficult to print solder paste onto
very large land areas with a stencil and, conversely, difficult to
print small areas with a screen. Softer squeegees are used
when screen printing, because the solder pastes are less vis-
cous, more conformance is required, and screens are easily
damaged: Most of the mechanics of screen printing are iden-
tical with stencil printing with the exceptions mentioned below.

5.2.1 Observed Condition: Insufficient Solder Paste
Deposited To eliminate insufficient solder or open circuits
caused by too little solder paste deposited in the printing operation.

2. Insufficient snap-off dis-
tance

In order for solder paste to
transfer cleanly from the
screen to the circuit board,
the solder paste must be
pulled out of the screen as
quickly as possible with the
least amount of resistance.
By using a large snap-off dis-
tance, the solder paste starts
to pull out of the screen as
soon as the squeegee
passes.

3. Wire blocking opening in a
very small hole

When printing fine lines using
a screen, it is difficult to get
around the problem of wires
in the way. If the area to be
printed is less than two
screen openings wide, there
is a very good chance that
the average open area will be
constricted to less than one
opening wide. This may resutt
in poor solder paste deposits,
because the particles have
difficulty fitting through the
opening.

4. Emulsion too thick for
application

Just as with stencil printing, if
the thickness of the screen is
too great for narrow open-
ings, the solder paste will
hang up in the openings and
not transfer completely.
Increasing the snap-off dis-
tance will help somewhat, but
only to a point. The width of
the opening may have to be
increased in relation to the
thickness of the emulsion.

5. Improper screen
manufacture

Occasionally openings in the
screen are not complete due
to improperly placed emul-
sion. If one consistently gets
insufficient solder in one par-
ticular area of the pattern, the
screen should be inspected
for defects.

6. Damage to screen

Screens are more fragile than
stencils and wear more rap-
idly with use. Damage to the
screen which restricts solder

A. Eguipment/Process Related paste deposits includes: bent
Potential Cause Corrective Action Wirh‘/fsv S"YO'E;” emlglsion from
1. Insufficient emulsion In screen printing, the thick- zfeai?rzg I:qat:rizlo aﬁdﬁ:féz o
thickness ness of print should be particles of solder, squeegee,
approximately equal to the or other material permanently
thickness of the emulsion, wedged in the screen open-
plus the thickness of the ings.
screen weave. Small
increases or decreases in this
value can be achieved by
either changing snap-off dis-
tance or squeegee pressure.
Large changes in print thick-
ness must be done by
increasing the amount of
emulsion.
12
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B. Material/Prior-Process Related

A. Equipment/Process Related

Potential Cause

Corrective Action

Potential Cause

Corrective Action

1. Solder paste too viscous

Solder pastes used in screen
printing have a lower viscosity
than those used with stencils.
This is because there is
greater friction between the
solder paste and screen, due
to the larger surface area the
solder paste is being
squeezed past. Thicker solder
pastes have a tendency to set
up in the screen weave and
not transfer consistent
amounts of material,

2. Solder particles too large
for the screen used

There is a physical limitation
to the size particles that will fit
through a screen. Although in
theory, solder particles will go
through any opening larger
than they are, this is not a
reasonable expectation in a
production environment. Sol-
der particles must pass
smoothly and quickly through
the screen in order to achieve
a consistent print. Solder par-
ticles should be no larger than
one half the average diameter
of the openings.

3. Solder paste metal content
100 low

The most common method of
decreasing solder paste vis-
cosity to facilitate screen
printing is to decrease the
metal content. In doing this
the volume of solder after
reflow is also decreased. This
may result in insufficient fillet
size.

2. Excess snap-off or
insufficient squeegee
pressure

Excessive snap-off dis-
tance will lead to distortion
in the printed pattern and
misalignment.

It is possible to control the
amount of solder paste trans-
ferred by altering the snap-off
distance and squeegee pres-
sure. By using a high snap-
off in combination with a low
squeegee pressure, it is pos-
sible to extrude the low vis-
cosity solder paste used in
screen printing to a greater
thickness than would normally
be expected. Conversely, if
one is getting a greater thick-
ness than is desired, then one
should decrease the snap-off -
distance and increase the
sqgueegee pressure,

3. Improper screen design or
manufacture

If bridging or excess solder is
noticed in only one particular
print area, then the most
common cause would be a
defect in stencil design manu-
facture. Look for areas which
should have emulsion, but do
not.

4. Damaged screens

It is not uncommon for a
screen to become damaged
through normal use.
Scratches, holes, bent screen,
etc., can all contribute to
excess solder deposits. Very
little can be done with the
exception of installing a new
screen.

5.2.3 Observed Condition: Misaligned Solder Paste
5.2.2 Observed Condition: Excess Solder Paste Depos- Deposits
ited Excess solder after reflow or solder shorts caused by

excess solder paste deposits and wet bridging.

A. Equipment/Process Related
Potential Cause

Excess solder and solder shorts occur when too much solder Corrective Action
paste is deposited. As with stencil printing, there are several

mechanisms for excess solder deposits.

1. Screen stretching Screens are constantly being
stretched, because they are
almost exclusively used in an
off-contact mode. Over time,
the screen material will fatigue
and it becomes more difficult
to control the print aligriment,
particularly when printing
bi-directionally. Very little can
be done, with the exception
of decreasing snap-off dis-
tance and squeegee pres-
sure. This reduces the
amount of friction between
the squeegee and screen.

Excessive snap-off distance
will lead to distortion in the
printed pattern and misalign-
ment.

B. Material/Prior-Process Related
Potential Cause Corrective Action

A. Equipment/Process Related
Potential Cause

Corrective Action

Emulsions that are too thick
may cause excess solder
paste to be transferred to the
circuit board. The nominal
thickness of solder paste
deposited is equal to the
screen weave thickness plus
the emulsion thickness.

1. Emulsion too thick

2. Excess snap-off or insuffi-
cient squeegee pressure

No information available
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5.3 Syringe Dispensing Syringes are used both in repair B. Material/Prior-Process Related
operations and programmable muftipoint dispensing. Syringes Potential Cause Corrective Action

used in repair are generally hand-held and employ air or man-
ual pressure to dispense the solder paste. Multipoint dispens-
ers use air or other forms of pressure to dispense solder paste
to points programmed into an X-Y table.

In syringe dispensing applications, the most important things
are continuous dispensing and consistent sized deposits.

5.3.1 Observed Condition: Solder Paste Flow Stops

A. Equipment/Process Related

Potential Cause Corrective Action
1. Dispensing pressure too Dispensing systems which
high use pressure on the back of

the syringe to push the paste
out of the needle require spe-
cial consideration. Solder
paste responds best to low
pressure and longer shot
times, as opposed to high
pressure and short shot
times. The high pressure is
more likely to separate the
flux from the solder paste.

2. Solder paste separation Some applications appear to
separate the solder paste
regardless of what is done.
This is common when very
small diameter needles must
be used. Some manufacturers
have found that it helps to
shorten the length of the nee-
dle in order to reduce the
amount of friction. Other
forms of dispensing equip-
ment have been developed
which do not stress the sol-
der paste as much as direct
pressure dispensing. These
methods use variations of
pinch valves or pistons to
apply high pressure to very
smaltl amounts of solder

paste.
B. Material/Prior-Process Related
Potential Cause Corrective Action

1. Solder paste stops coming | Once solder paste stops
out of the tube before it is | coming out of the tube, it is
empty very difficult to continue using

that tube. Separation of the

flux from the powder has
already started to occur. It
may be possible to increase
the dispensing pressure to
get some solder paste out,

but this will only work to a

point. It is far better to use a

preventative method to stop

initial separation.

2. Incorrect solder paste for- | Many solder paste manufac-
mulation for dispensing turers have different solder
pastes for stencil printing and

syringe dispensing. The
rheological properties may be
very different. A solder paste
designed for syringe dispens-
ing will have a consistent vis-
cosity under different shear
rates. In addition, the percent
metal by weight is generally
lower to give the solder paste

added lubricity.
3. Solder powder particles If the solder powder particles
100 large for needle size are too large for the needie
used used, they will bind in the

needle and prevent the paste
from coming out. Smaller sol-
der powder particles or a
larger needie can be used.

5.3.2 Observed Condition: Inconsistent Solder Paste
Size Solder paste deposit size is not generally a concern in
repair operations, because the amount of paste deposited can
be determined by the operator. But how consistently a solder
paste deposits during an automated syringe dispensing appli-
cation will have a bearing on vield quality.

A. Equipment/Process Related
Potential Cause | Corrective Action

No information available

B. Material/Prior-Process Related

Potential Cause Corrective Action

1. Incorrect solder paste for- | Consult the solder paste ven-
mulation dor if the dispenser has diffi-
culty delivering consistent
amounts with each shot. The
solder paste may not be
designed for the dispensing
application or there may be air
entrapped in the solder paste.

A sure sign of inconsistent sol-
der paste deposits is if the sol-
der paste strings when the
dispensing head moves from
one pad to another. This is gen-
erally caused by too much sol-
der paste being pulled out of
the needle and will leave the
next deposit short of solder

paste.

5.3.3 Observed Condition: Solder Paste Deposit Not
Rounded Enough

A. Equipment/Process Related

Potential Cause Correclive Action

1. Improper needie tip design | Use a beveled needle, which
dispenses solder paste to one
side of the needle, not directly
under the needle.
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B. Material/Prior-Process Related

A. Equipment/Process Related

Potential Cause Corrective Action

Potential Cause Corrective Action

1. Solder formulation not Use a solder paste which self-
' tacky enough and doesn't | rounds or slumps slightly.

slump

5.3.4 Observed Condition: Solder Paste Deposit Not
Peaked Enough

A. Equipment/Process Related

Potential Cause Corrective Action

2. Different board/program
version

Verify correct version

B. Material/Prior-Process Related
Potential Cause

Corrective Action

1. Components in feeder Correct orientation of compo-
have wrong orientation nents

2. Components have mixed Orientate components in
orientations at pickup loca- | feeder
tion

1. Improper needle tip
design.

Use a flat-tipped needle.

B. Material/Prior-Process Related

Potential Cause Corrective Action

1. Solder formulation too Use a different formulation
tacky and slumps which is less tacky and

doesn't slump.

5.3.5 Observed Condition: Solder Paste Will Not Adhere
to the Pad

A. Equipment/Process Related

3. Board marking incorrect Verify orientation with both
assembly drawing and

schematic

6.2 Observed Condition: Wrong component placed on
board

A. Equipment/Process Related

Potential Cause
1. Wrong pickup callout

Corrective Action
Verify/change pickup location

2. Incorrect sequence step Verify sequence program

Potential Cause Corrective Action

1. Too high a pressure Use a lower pressure for dis-

pensing.
B. Material/Prior-Process Related
Potential Cause Corrective Action

1. Incorrect solder Use a different formulation

formulation that is more tacky.

6.0 COMPONENT PLACEMENT

Surveys have indicated that a major portion of soldered
assembly defects result from manufacturing operations prior to
soldering. Component placement has been identified as the
most prevalent source of these defects. This has become
increasingly evident with the increased use of fine pitch tech-

nology.

This section presents a general listing of problems encoun-
tered in the component placement process, potential causes
and suggestions for corrective actions. These solutions may
be related 1o equipment, materials, design or prior processes.
Accordingly some of the solutions cannot be immediately
implemented on the shop floor.

6.1 Observed Condition: Wrong Component Orientation

A. Equipment/Process Related
Potential Cause

Corrective Action

1. Placement program
problems

Verify correct revisions
Add rotational data to

program

Change rotational data
in program

order

3. Different board/program Verify correct board/program
version version

4. Incorrect placement loca- Verify/change placement
tion location

5. Component from previous | Clean chuck; vacuum pickup

pickup stuck to chuck tip

6. Incorrect data file used Verify correct program

B. Material/Prior-Process Related

Potential Cause Corrective Action

1. Wrong component put into | Inspect/verify components in
feeder feeders

2. Wrong components mixed
in with correct parts

Inspect/verify components
numbers

3. Parts list is incorrect Update program with latest

parts list

6.3 Observed Condition: Missing Component

A. Equipment/Process Related
Corrective Action

Potential Cause

1. Vacuum pickup not on Verify there is vacuum at

pickup

2. No components at pickup | Restock feeder

location

3. Component not picked up | Reprogram for correct

pick-up
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A. Equipment/Process Related A. Equipment/Process Related
Potential Cause Corrective Action Potential Cause Corrective Action
4. Feeder malfunction 9. Vision system is not Check electrical connections
a) Low/off air pressure Verify correct pressure/ working and fuses:
vacuum at feeder .
hecl -
b) No electricity Verify power is turned on at ;an)o(szitionk\::rri?f;g‘n%\?)sli/ar?g;
feeder and verify feeder is ’ o
correctly connected b) Camera is not looking at
c) Waste tape is clogging | Remove excess tape and the component he_ads; soft-
re-thread ware problem. Verify compo-
d) Excessive vibation or Remove jammed component nent within field.
low vpratpn ‘ ' ] ] 10. Placement teach is above | Reteach placement
&) Excessive vibration or Adjust vibratory feeder vibra- board surface
low vibration tion control - -
- B. Material/Prior-Process Related
5. Incorrect chuck used Modify program to use cor- - - -
rect chuck Potential Cause Corrective Action
6. No p‘acement data Add placement data to pro- 1. Board is miSregiStered Verify fiducials
gram 2. Incorrect footprint on Verify with design standards
7. Incorrect placement Reteach correct placement board and/or latest parts list and
location data schematic
8. Component did not Clean chuck and/or check for 3. Incorrect component Verify with parts list and
release from chuck vacuum release picked up assembly drawing
9. Different board/program Verify correct board/program 4. Component is rotated Review component loading
version version process
B. Material/Prior-Process Related 5. Board revision different Verify board version
, . - than program
Potential Cause [ Corrective Action
No information available 6.5 Observed Condition: Damaged Component

6.4 Observed Condition: Component Misalignment

A. Equipment/Process Related

A. Equipment/Process Related

Potential Cause Corrective Action
1. Placement teach is not Reteach placement
accurate
2. Board is misregistered Verify board loading equip-
ment and tooling
3. Incorrect pickup chuck Modify program to use cor-
selected rect chuck for pickup or may

require vision alignment

Potential Cause Corrective Action
1. Pickup/placement head a) Verify pickup and compo-
damaged component nent placement. Z-axis loca-

tions are not impacting
components; adjust height of
pickup/placement.

b) Pickup head is not correct

for particular component; use
pickup head designed for that
component type/style.

4. Component is rotated Verify correct rotation data in
placement program

5. Board revision different Verify program versions
than program

6. Equipment needs calibra- Calibrate to manufacturers
tion maintenance instructions

Check pulleys/ gears for slip-
page on shafts

2. Component leads are a) Adjust pressure of dam-
bent, or missing aged, or missing ‘‘square off”
fingers.

b) Verify that pickup head is
correct for that component.
c) Fragile leads require vision
alignment, not mechanical
alignment.

B. Material/Prior-Process Related

7. Incorrect data file used Load correct data file

8. Machine placement toler- Equipment cannot be used
ance is not adequate for for the required accuracy of
accurate/acceptable placement.
placement

Acquire equipment with an
acceptable placement accu-
racy.

Potential Cause Corrective Action

1. Component was damaged | Inspect components prior
prior to placement placement to placement. Dis-
card damaged components.

2. Component leads are a) Verify at incoming or miss-
bent, damaged or missing | ing inspection

b) Improve handling proce-
dures

¢) Review excising die
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7.0 INFRARED/CONVECTION REFLOW SOLDERING

This process is generally carried out with inline conveyorized
equipment incorporating muttiple heating zones with individuat
temperature controls. Heat sources used include short wave-
length tubes, medium-to-longer wavelength panel secondary
emitters, and/or heated air/nitrogen in the convection reflow
systems.

In many cases convection reflow systems have overcome
some of the perceived drawbacks of this reflow process which
included: (1) the need for individual assembly processing pro-
filer as a result of differences in mass and component charac-
teristics, (2) shadowing of some areas from exposure to Infra-
red Reflow (IR) energy as a result of component size or
spacing, and (3} the lack of fast response to set temperature
changes.

As with any mass soldering process, defects detected in the
soldered assemblies are often related to prior process and
material variables. The defects that relate to prior process or
material are much larger in number and can be very difficult to
classify after the fact. For example, once the assembly is sol-
dered, it is hard to determine whether a component was out
of position before reflow, or whether the solder paste deposit
was properly registered.

There are some defects which may not make themselves
known immediately, such as cracks in chip capacitors or flux
residue under parts. Tight process control is a necessity to
prevent these defects, as it is far too late to start corrective
action when the defects don’t appear until the product built is
in service.

This section presents a general listing of problems encoun-
tered in the infrared/convection reflow soldering process,
potential causes and suggestions for corrective actions. These
solutions may be related to equipment, materials, design or
prior processes. Accordingly some of the solutions cannot be
immediately implemented on the shop floor.

7.1 Observed Condition: No Reflow

7.1.1 Observed Condition: No Reflow of Solder Paste/
Cold Solder Joints

A. Equipment/Process Related

7.1.2 Observed Condition: No Solders No soiders may
be the result of a non-reflow condition or they may be due to
problems associated with placement, solder paste application,
solderahility of the parts, or errors in the design of the assem-
bly that make reflow of some of the joints very difficult. Thus a
“no solder” may be defined as a condition:

1. In which solder is completely absent from the intended
area.

2. Where the solder paste is present, but reflow has not
occurred.

3. Where solder is present and has reflowed, but has not wet
either the lead, the board, or both.

4. Where the solder is present, has reflowed, has wet the
board/lead, and pulled back away from the solder joint, i.e.,
dewetting.

7.1.2.1 Observed Condition: No Solder—Solder Not
Present

A. Equipment/Process Related
Potential Cause

Corrective Action

No information available
B. Material/Prior-Process Related
Potential Cause

Corrective Action

1. Clogged stencil/dispenser | Clean stencil/dispenser

(see section 5)

2. Print process out of con-
trol (See Section 5.0 for
more detaif)

Adjust squeegee pressure or
durometer

Change print speed

Check stencil alignment
Check dispenser accuracy
(see section 5)

3. Paste drying out (See
Section 5.0 for more
detail)

Change process to reduce
time paste remains on stencil

Increase humidity and reduce
drafts in the screen printing
area

Do not reuse old paste
{see section 5)

4, Solder paste viscosity too | Obtain lower viscosity paste

Potential Cause Corrective Action

1. Reflow profile incorrect Increase/change reflow tem-

perature

2. Thermal load too great Decrease product loading for

machine capacity rate
B. Material/Prior-Process Related
Potential Cause

Corrective Action

1. Incorrect solder paste alloy | Use the solder alloy specified

high (see section )
5. Paste not “wetting" the Change paste
stencil (see section 5)
6. Solder clogging stencil/ Use different particle size
dispenser paste
Check paste for uneveness of
texture

Use different viscosity paste
Use paste with slower drying
time

(see section 5)
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7.1.2.2 Observed Condition: No Solder: Solder not 7.1.2.4 Observed Condition: No Solders: Dewetting
Reflowed

A. Equipment/Process Related
A. Equipment/Process Related Potential Cause Corrective Action
Potential Cause Corrective Action 1. Excess time above reflow | Change profile to reduce time
1. Reflow temperature not Adjust profile temperature above reflow
high enough Increase time above liquidus B. Material/Prior-Process Related
Verify that alf heaters are Potential Cause Corrective Action
working 1. Board has excess Increase solder thickness on
2. Machine being thermally Reduce rate of product input intermetallics board
overloaded to mat.ch equipment thermal Reduce storage time
tc)ﬁli;tayacny and recovery capa- Improve storage condition
3. Board layout causing Reorientation of board on 2. Chip terrnjnation has poor | Use parts that have barrier
shadowing conveyor leach resistance layers (see J-STD-002)

Change reflow profile 7.1.3 Observed Condition: Uneven Reflow Sometimes

ggict alternate reflow pro- an assembly will reflow in some sections and not in others.
Reasons for this may be similar to the ones for cold and no
solders discussed above, i.e., thermal or solderability.

1
J
1

4. Heat sinking from board/ Change reflow profile

parts Select alternate reflow pro-
cess _
Increase preheating stage . A. Equipment/Process H.elatad .

" B. MateriallPrior-Process Related Potential Cause. Corrective Action ‘
Potential Cause Corrective Action K lr;cs;gg;(g'yproﬁle for g;;\ol;spsrgﬂgiycustomlze for
1. Incorrect solder alloy Use solder alloy specified 2. Poor heat transfer Check positioning of board to
2. Board layout causing Change component selection insure even heat transfer

’shadowmg and placement 3. Uneven heat transfer Increase convective air across
3. Heat sinking from board/ Reorientation of board on across oven oven flow in oven
parts conveyor 4. Other effects Check items under 7.1.2
Change reflow profile above
Select afternate reflow pro- 5. Thermal capacity and Repair or replace oven
cess recovery capability
B. Material/Prior-Process Related
7.1.2.3 Observed Condition: No Solders: No Wetting ; - -
Potential Cause Corrective Action
- 1. Board layout causing Design change required
A. Equipment/Process Related shadowing
Potential Cause Corrective Action 2. Heat sinking from board/ | Design change required
No information available parts
B. Material/Prior-Process Related 3. Other effects Check items under 7.1.2
Potential Cause Corrective Action . .
T Load not wert e ——— 7.2 Observed Condition: Solder Balls Solder balls are
- -ead not wetling J-SeTCD-Bg2) solderability (see often due to excessive outgassing of the paste or boards dur-
) ing reflow or an excess of oxide on the paste particies, com-
More active paste may be t
helpful ponents, or boards.
2. Board not wetting Check board solderability (see
J-STD-003) A. Equipment/Process Related
More active paste may be Potential Cause Corrective Action
helpful 1. Incomplete paste cure Pre-cure paste or change
3. Part may not be in contact | Check print accuracy preheat portion of reflow pro-
with paste Check part placement (see file for cure
section 6.0) 2. Conveyor speed too high Reduce conveyor speed
Check lead planarity/skew
Check board warp
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B. Material/Prior-Process Related
Potential Cause

Corrective Action

1. Incomplete paste cure
2. Moisture in boards

Change paste
Pre-bake boards
Pre-bake boards

3. Entrapped solvents in
boards

4. Oxidized paste

Refer to J-STD-005 for
incoming paste controls

5. Solder mask/paste Change in paste or mask
interaction needed

7.3 Observed Condition: Charring of Board/Components
Thermal damage to the boards or components during reflow
can be due to over temperature or uneven thermal transfer
during reflow.

A. Equipment/Process Related

Potential Cause Corrective Action

1. Oven temperature too high | Reduce temperature set-
points

Shield affected areas from
direct radiation

Increase conveyor speed

2. Loading rate too low for
oven settings

3. Unevervincorrect position- | Check positioning to insure
ing of assemblies in reflow | heat transfer

B. Material/Prior-Process Related

Check/change rate

Potential Cause Corrective Action

No information available

7.4 Observed Condition: Damaged Components Dam-
aged components are a subset of thermal damage in general.
Thermal damage to the components may be either charring
(see 7.3), melting, or cracking. As with most mass soldering
techniques, it has been found that preheat is an essential part
of the process. In order to avoid cracking components, an
acceptable ramp rate should be established for sensitive com-
ponents.

A. Equipment/Process Related

Potential Cause Corrective Action

1. Temperatures too high Change profile

Keep temperatures below limit
for components

2. Components being dam- Adjust pick and place equip-
aged in pick and place ment
operation (see Sectio9 6.0)

B. Material/Prior-Process Related
Potential Cause

Corrective Action

1. Components incompatible | Change components for com-
with IR reflow patibiiity

2. Moisture in packages: QObserve handling procedures
cracking in IPC-SM-786

7.5 Observed Condition: Cracked Joints Physical dam-
age to the solder joints can occur if the assemblies are moved
while the solder joints are still liquid or if the assemblies are
handled in such a way as to damage the cooled solder joints,
e.g., dropped. Stress after reflow, not during, is the most com-
mon cause of cracked joints.

A. Equipment/Process Related
Potential Cause Corrective Action

1. Insufficient cool down after | Change thermal profile
reflow

2. Too rapid of cool down
after reflow, e.g., immedi-
ate transfer to cleaner

Change thermal profile

3. Dropping of board after
oven

Change handling procedures

B. Material/Prior-Process Related

Corrective Action
Change handling procedures

Potential Cause

1. Attempts to straighten
warped board

7.6 Observed Condition: Insufficient Solder Insufficient
solder at the solder joint may be due to the paste/paste dep-
osition process. it may also be due to the design of the
assembly or solderability of the parts. Some of these items are
treated under 7.1.2.

A. Equipment/Process Related
Corrective Action

Potential Cause

No information available
B. Material/Prior-Process Related

Corrective Action

Potential Cause

1. Poor paste printing See7.1.2
Also see Section 5.0

2. Paste clogging stencil or See 7.1.2

dispenser Also see Section 5.0
3. Solder wicking away from | Adjust design for lead/land
solder joint ratio or land design
Change in paste/flux activa-
tion {lower)
Move via hole

7.7 Observed Condition: Bridging Bridging can be the
result of board design, e.g., insufficient clearance between fea-
tures; poor solder deposition process, e.g., paste smearing;
incorrect part placement or misalignment; or damage to the
parts, e.g., bent leads.

A. Equipment/Process Related

Potential Cause Corrective Action

No information available
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B. Material/Prior-Process Related 7.10 Observed Condition: spatter Spattel’ is I’elated to
Potential Cause Corrective Action solder balling {see 7.2). Accordingly, it may be caused by the
rds (see ,orth ition pr
1. Paste deposition process Check process (see Section paste, the. boaras above). or the paste deposition process
causing bridges 5.0) (see Section 5.0).
2. Bent or misaligned leads Eliminate out-of-tolerance
components A. Equipment/Process Related
3. Paste slump - See Section 5.0 and Potential Cause Corrective Action
J-STD-005 1. Smearing in printing Adjust printing process
4. Component misplacement | See Section 6.0 2. Printing of paste on non- Check for alignment of
5. Design spacing Review layout for possible solderable surface printing
change 3. Paste not cured Check cure and/or change

7.8 Observed Condition: Voids Voids are the result of the
entrapment of flux or other volatiles in the solder joints during

reflow.
A. Equipment/Process Related

Potential Cause Corrective Action

1. Insufficient paste cure Modify cure or reflow profile
Change paste

B. Material/Prior-Process Related

Potential Cause Corrective Action

1. Paste solvent entrapment Change paste for different
volatility

7.9 Observed Condition: Opens Opens may be the resuit
of a physical defect in the part, i.e., no physical contact
between part and substrate, or a no solder situation (see
7.1.2).

reflow profile
B. Material/Prior-Process Related

Potential Cause Corrective Action
1. Moisture in paste Store paste only in dry condi-
tions
2. Moisture/solvents trapped Pre-bake board
in board

7.11 Observed Condition: Component Alignment Com-
ponent alignment affects both the shape of the final solder joint
and the tendency of the solder operation to form solder
bridges. Many of these issues have been addressed above
(and in other sections, i.e., 5.0 and 6.0). 1t should be noted,
however, that as pitch on surface mount parts decreases, the
need for reduced tolerance in placement increases. In addi-
tion, post placement, e.g., operator touch up and handling
after reflow (see above), influence part alignment.

7.11.1 Observed Condition: Tombstoning Tombstoning
is the raising up of one end of a chip component during refiow.

: A._Equipment/Process H.elated : The tendency of parts to do this can be related to design, the
Potential Cause Corrective Action solder operation, part/board solderability, or differential heat
1. No reflow of solder See 7.1.2 transfer during reflow.

B. Material/Prior-Process Related
Potential Cause Corrective Action A. Egquipment/Process Related
1. No or insufficient paste Adjust paste deposition pro- Potential Cause Corrective Action
deposition $e1ss2 {see Sectiont 5.0 and 1. Excess movement in Reduce board motion during
1.2) reflow operation reflow
2. Inaccurate parts placement /é\cg;ist placement (see Section B. Material/Prior-Process Related
3. Poor board/part Check/control solderability of Potential Cause Corrective Action
solderability boards and parts (see J-STD- 1. Inaccurate placement of Adjust placement
002 and J-STD-003) parts
4. Parts with lead skew or Use only “in-tolerance” parts 2. Uneven solderability on Check for solderability varia-
planarity prablems Review component placement pads or leads tions
(see Sections 2.0 and 6.0) 3. Pad design incorrect Redesign required (see IPC-
SM-782)

7.12 Observed Condition: Delamination Delamination of
the boards during reflow will occur if the board quality is poor
or if the process is excessive in temperature. Checks of
incoming quality and process parameters are the two
approaches to addressing this problem. It must also be noted
that excess temperatures or repeated reflow operations can
induce delamination.
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7.13 Observed Condition: Warp Excessive warp can
cause unsatisfactory solder joints. Warp may be a resutt of the
board manufacturing process. | is important that it be deter-
mined if boards are warped when they are received or if they
deform during the process.

7.14 Observed Condition: Disturbed Joints Disturbed
joints are similar to the cracked joint phenomena discussed
above. The major considerations are the handling of the board,
either during or after the reflow process.

7.15 Observed Condition: Dewetting Dewetting is asso-
ciated with the solderability characteristics of the components.
The solderability is affected by storage conditions, basic met-
allurgy of the surface, the reflow process, flux used, and com-
position of the solder used. A discussion of the various causes
has been given in 7.1.2.

8.0 VAPOR PHASE REFLOW SOLDERING

The vapor phase process has some unique characteristics. It
has a fixed upper temperature determined by the boiling point
of the fluid used. It is a rapid heating method and quite toler-
ant of large mass differentials on a given circuit board or
. assembly. It is a very uniform method of heating as the vapor
,f surrounds the components, heating from all sides. As with
-~ most mass soldering techniques, it has been found that pre-
~ heat is an essential part of the process and typically this is
provided with an infrared preheater. The accepted standard for
preheat is a 2 to 3°C per second temperature rise to within
100°C of the reflow temperature, followed by a short stabiliza-
tion and equalization period prior to reflow.

To aid cooling of the assembly through liquidus, and to
improve solder grain density and shorten liquidus time, many
machines have a convection cooldown system integral to the
equipment.

8.1 General As with any mass soldering process, defects
detected in the soldered assemblies are often related to prior
process and material variables. The defects that relate to prior
process or material are much larger in number and can be
very difficult to classify after the fact. That is, once the assem-
bly is soldered, it is hard to determine things like whether a
component was out of position before reflow, or whether the
solder paste deposit was properly registered.

There are some defects which may not make themselves
known immediately, such as cracks in chip capacitors or flux
residue under parts. Tight process control is a necessity to
prevent these defects, as it is far too late to start corrective
action when the defects don't appear until the product built is
in service.

8.2 Problems This section presents a general listing of
problems encountered in the vapor phase reflow soldering pro-
cess, potential causes and suggestions for corrective actions.
These solutions may be related to equipment, materials,
design or prior processes. Accordingly, some of the solutions

cannot be immediately implemented on the shop floor.

Differences in machine construction can in some cases cause
special situations, i.e., no preheat in vertical batch units. Where
appropriate, machine specific items have been listed under
“Equipment/Process Related.

8.2.1 Observed Condition: No Reflow of Paste or Pre-
forms Most frequently related to reflow time.

A. Equipment/Process Related
Potential Cause Corrective Action

1. Inadequate reflow power Increase power setting

Verify that all heaters are
working

2. Inadequate reflow time Reduce conveyor speed

Increase dwell

3. Boiling temperature too Check for correct fluid tem-
low perature for application

B. Material/Prior-Process Related
Potential Cause Corrective Action

1. Solder melting point too Check solder paste composi-
high tion for correct melt tempera-
ture

8.2.2 Observed Condition: Dull, graying, crystallized
solder Most frequently related to material.

A. Equipment/Process Related
Potential Cause

Corrective Action
Reduce preheat time

1. Excessive time in preheat
causing solder oxidation

2. Excessive time in reflow Reduce refiow time

causing excessive leaching

B. Material/Prior-Process Related
Potential Cause

Corrective Action

1. Excessive leaching of pas- | Select components with nickel
sive component termina- barrier
tions

2. Gold not removed from
active components

3. Board plating too far from
eutectic

Solder coat components

Check board plating
composition

4. Oxidized component termi- | Reject components
nations

8.2.3 Observed Condition: Opens Most frequently caused
by lead coplanarity or solder wicking.

A. Equipment/Process Related
Potential Cause

Corrective Action

1. Wicking of solder to fine
leads pulling solder away
from joint

increase preheat temperature
and/or time from joint (125 to
150°C).

Vertical batch use 2% silver or
special slow melt solder to
slow solder melt
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B. Material/Prior-Process Related

Potential Cause

Corrective Action

1. Solder wicking to adjacent
pad or down feed through
hole

Correct design deficiencies

2. Poor lead coplanarity

Reject or reform components

3. Misregistered solder paste

Correct application
registration

4. Insufficient solder paste

Check for plugged screen or

stencil

8.2.4 Observed Condition: Bridges Most frequently
caused by solder application registration tolerance.

8.2.6 Observed Condition: Solder Balls Most frequently
caused by outdated paste or insufficient preheat.

A. Equipment/Process Related

Potential Cause

Corrective Action

1. Solder flux spattering in
reflow

Increase preheat temperature
and/or increase preheat time

B. Material/Prior-Process Related

Potential Cause

Corrective Action

1. Oxidized solder paste

Use fresh solder paste

2. Misregistration of solder
paste

Check application registration

3. Improperly cured solder
mask

Correct condition at board
fabrication

A. Equipment/Process Related

Potential Cause

rCorrective Aclion

No information available

B. Material/Prior-Process Related

Potential Cause

Corrective Action

8.2.7 Observed Condition: Component Alignment Most
frequently caused by pad design or placement error.

A. Equipment/Process Related

1. Misregistered solder paste
print

Correct application
registration

2. Too much solder

Check solder appiication

Potential Cause

Corrective Action

1. Component float to one
pad

Increase preheat time and/or
temperature

3. Solder slumping

Check solder paste

4. Inadequate pad separation

Correct design

2. Conveyor vibration

Clean conveyor rails
Check conveyor tension

8.2.5 Observed Condition: Tombstoning Most frequently
caused by unequal melt or solder paste quantity.

A. Equipment/Process Related

Potential Cause

Corrective Action

1. One side of component
melting before the other

Increase preheat and/or time
at preheat

B. Material/Prior-Process Related

Potential Cause

Corrective Action

1. Unequal pad geometrics
cause unequal melt times

Correct design

2. Solder mask under part
causing teeter-totter effect

Correct design

3. Tunnel curtains (brush
components)

Shorten curtains

B. Material/Prior-Process Related

Potential Cause

Corrective Action

1. Components float on pads

Correct pad design

2. Components misplaced

Correct pick-and-place align-
ment

3. Unequal solder meit

Correct pad connection
design

8.2.8 Observed Condition: Capacitor Cracking Most fre-
quently caused by thermal shock or placement handling.

A. Equipment/Process Related

3. Unequal pad heating
caused by leads or ground
plane

Correct design

4. Pads extend beyond com-
ponent too far so compo-
nent can pull off one end

Correct design

5. Too much solder causes
high tipping forces

Reduce stencil thickness or
solder mask too thick

6. Misregistration of solder
paste no paste on pad

Check registration and cleanti-
ness of screen

7. Misregistation of compo-
nent not on paste

Check component location at
pick-and-place

8. Solder mask on pad
(smear)

Reject fabricated board

9. Displaced components

Check operator or transport

handling systems

Potential Cause

Corrective Action

1. Possible thermal shock

Make sure preheat rate is 2 to
3°C per second to within
100°C of refiow

Use preheat on vertical batch
units (oven).

B. Material/Prior-Process Related

Potential Cause

Corrective Action

1. Poor capacitor construc-

Test capacitors for thermal

tion shock
2. Capacitors cracking in Check centering jaws and
placement placement pressure

3. Post handling cracking

Do not bend boards after

reflow
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8.2.9 Observed Condition: Plastic Package Cracking
Most frequently caused by water entrapped in plastic.

A. Equipment/Process Related
Potential Cause Correclive Action
1. Excessive reflow Be sure fluid used is 215°C
temperature or below
2. No preheat Set preheat to achieve 2 to
3°C per second rise to within
100°C of reflow
B. Material/Prior-Process Related
Potential Cause Corrective Action
1. Excessive water vapor Bake components or pur-
pressure chase pre-baked components
(see IPC-SM-786)

8.2.10 Observed Condition: Low Surface Insulation
Resistance Most frequently caused by flux entrapped under
component.

A. Equipment/Process Related
Potential Cause Corrective Action
1. Contaminated vapor phase { Run plain substrate and retest

soldering fluid Replace or reclaim fluid if
resistance too low

B. Material/Prior-Process Related
Potential Cause
1. Flux entrapped under

Corrective Action

Improve cleaning process

Gomponent Reform leads to increase
clearance
2. Board contamination prior | Check incoming boards for
to reflow contamination
3. Wrong flux specified for Check flux and cleaning
product type method for particular

application

8.2.11 Observed Condition: Insufficient Solder Fillets
Most frequently caused by insufficient solder paste.

A. Equipment/Process Related
Potential Cause
1. Solder wicking up leads

Corrective Action

Increase preheat time and/or
temperature

B. Material/Prior-Process Related
Potential Cause
1. Too little solder paste

Corrective Action

Increase size of stencil
openings

Increase stencil thickness
Check solder application

Correct design location of
feed throughs

Correct design of trace to
pad connections

2. Solder wicking away from
joint on board

Use solder mask if not now
using

9.0 WAVE SOLDERING

Wave soldering of surface mount assemblies is easy to do
providing that the boards and all components have solderable
metallic surfaces; the board design meets recommended
guidelines for pad layout geometry; the components have
been properly placed using a proper adhesive which is cor-
rectly cured; and the wave soldering machine is under correct
process control. This means using good flux at the correct
specific gravity and solder with verified purity, selecting preheat
settings, and matching the temperature of the solder wave
with a conveyor speed so that this relationship provides suffi-
cient heat for the correct time duration to perform acceptable
solder joints. Verifying that all of these are under proper pro-
cess control is the first overall requirement or guideline for
mass production wave soldering of surface mount assemblies
and for providing acceptable quality solder joints.

The guidelines are presented in order of priority where possi-
ble. Some process problems are easy to correct by the oper-
ator, others are more difficult. Some require a longer time
period to resolve or need outside help, and some may be
more expensive than others to comect.

9.1 Observed Condition: Solder Skips A solder skip
occurs where a solder joint did not form. Solder skips are usu-
ally observed in random locations and may be caused by the
wave soldering equipment, the materials, or poor process con-
trol. They can also result from an incorrectly performed prior
assembly operation or the board design layout. If many joints
do not solder, for example in a corner or specific area of the
SMA, it is most probably related to the wave soldering equip-
ment or to process steps prior to wave soldering. Solder skips
in a random manner can be caused by any of the reasons
suggested below.

A. Equipment Related
Potential Causes Corrective Action
1. Turbulent wave OFF

2. Vibratory device in 2nd Turn ON vibratory wave
wave OFF device

3. Turbulent wave too low

Turn Turbulent wave ON

Increase height of turbulent
wave

4, Turbulent nozzle clogged Clean flux or dross in nozzle
5. Carrier bent or damaged

6. Conveyor fingers bent

Send carrier/fixture to repair

Replace bent fingers

7. Rails not level or parallel
over nozzles

Reset rails level/parallel

8. Waves/Nozzles not level Reset pot and nozzles level

Use LevChek

9. 1st Wave height lower in Pull pump and nozzles
spots Use LevChek
Clean out pot

Adjust conveyor width

10. Conveyor width too tight

11. Conveyor speed too fast
for fiux volatiles

12. Board not run best direc- | Turn SMA 90, 180 or 270
tion (orientation) degrees

Reduce conveyor speed
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B. Material/Prior-Process Related

Potential Cause

Corrective Action

9.2 Observed Condition: Solder Bridges

1. Flux solids too high
(15-35%)

Change to low solids flux
(1-3%)

A. Equipment Related

Potential Cause

Corrective Action

2. Flux specific gravity gone
too high

Add thinner to correct specific
gravity

1. Wave height/exit condi-
tions incorrectly set

Set exit flow wave dynamics
properly

3. Solder purity exceeds con-
tamination limits

Refresh and maintain the pot

2. Slow conveyor speed
washes off too much flux

Increase speed SO waves
leave flux on

4. Analysis period exceeded

Send solder sample for
analysis

3. Conveyor too fast or insuf-
ficient preheat

Decrease speed-—better sol-
der drainage

5. Qil contaminated (on
waves needing oil)

Drain and replace oil, if used

4, Carrier bent or damaged

Send carrier/fixture to repair

6. Warped boards

Do not use warped boards

5. Conveyor fingers bent

Replace bent fingers

7. Adhesives on SMD pads

See Section 4.1

6. Rails not level or parallel
over nozzles

Reset rails level/parallel

8. Too much adhesive

See Section 4.1

9. Solder mask smear on
pads

Improve incoming acceptance
procedure

7. Waves/Nozzles not level

Reset pot and nozzles level
Use LevChek

10. Pads not solderable

Don't use unsolderable
boards

11. Component lead/
terminations not
solderable

Use only solderable parts

8. Board not run best direc-
tion (orientation)

Turm SMA 90, 180 or 270
degrees

9. Dross recirculating from
pot to wave onto SMA

Pull pump and nozzles—
Clean out pot

10. Hot air knife after wave
set incorrectly

Reset air knife

12. Components(s) too large
for pad

Use correct parts as specified
in Section 3.0

13. Compaonents misaligned

See Section 6.0

14. Paris placed to0 close
together

Correct placement machine
problem
See Section 6.0

15. Components skewed too
close together

Correct placement machine
problem
See Section 6.0

11. insufficient flux applied

Increase flux application

B. Material/Prior-Process Related

Potential Cause

Corrective Action

1. Flux—some low solids
fluxes cause bridge

Try a different fiux

2. Oil contaminated (on
waves needing oil)

Drain and replace oil, if used

3. Flux thinned out too much

Specify gravity or titrate

16. Parts placed off the pads

Correct placement machine

4, Warped boards can cause

Do not use warped boards

problem poor exit flow
See Section 6.0 5. Pads not solderable Don't use unsolderable
C. Design Related boards

Potential Cause

Corrective Action

1. Pads/parts laid out too
close

Lay parts/pads farther apart

2. Design recommendations
not followed

Redesign where possible per
specification
See IPC-SM-782

3. Pads too small or pads
too far under part

Extend pads out further

4. Larger part shadowing
smaller one

Alter layout

5. Body of part too high

Specify lower profile part or
redesign difficult parts onto
top side for reflow

6. Solder mask too thick

Specify thinner solder mask

7. Solder mask too close
around pad

Redimension more pad
clearance

6. Component leads/
terminations not solderable

Use only solderable parts

-

. Compaenent(s) too large for
pad

Use correct parts as specified

8. Components misaligned

Refer to Section 6.0

9. Parts placed too close
together

Correct placement machine
problem

10. Components skewed too
close together

Correct placement machine
problem

11. Parts placed off the pads

Correct placement machine
problem

C. Design Related

Potential Cause

Corrective Action

1. Pads/parts laid out too
close

Lay parts/pads farther apart

2. Design alignment not fol-
lowed

Redesign where possible per
specification
See IPC-SM-782

3. Bridge only across last
two leads of SOIC

Add dummy pads
for drainage
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Potential Cause

Corrective Action

4. Bridge only on last two
quad pack leads

Turn part 45 degrees & add
dummy pads

9.4 Observed Condition: Solder Wave Overflooding

Board

9.3 Observed Condition: Unfilled Via Holes

A. Equipment/Process Related

A. Equipment Related

Potential Cause

Corrective Action

1. Non-uniform fluxing across
bottom of board

Check foam specific gravity
bubbles, crest uniform

2. Conveyor too fast or insuf-
ficient preheat

Decrease speed for more
heat in holes

Potential Cause

Corrective Action

1. Board too large or assem-
bly to heavy

Install stiffeners

2. Pallet, carrier or fingers
adjusted too tight

Readjust for board expansion

3. Wave height set too high
or conveyor too low

Adjust wave {lower) or con-
veyor (raise)

3. Vibratory device in 2nd
wave OFF

Turn ON vibratory wave

4. Set-point for vibratory
device oo low

Increase power

5. Carrier bent or damaged

Send carrier/fixture to repair

6. Conveyor fingers bent

Replace bent fingers

7. Rails not level or paraliel
over nozzles

Reset rails level/paraliel

8. Waves/Nozzles not level

Reset pot and nozzles level
Use LevChek

9. Insufficient flux applied

Increase flux application

B. Material/Prior-Process Related

Potential Cause

Correclive Action

1. Flux specific gravity gone
too high

Add thinner to correct specific
gravity

2. Solder purity exceeds con-
tamination limits

Refresh and maintain the pot

3. Analysis period exceeded

Send solder sample
for analysis

4. Qil contaminated {on
waves needing oil)

Drain and replace ail, if used

4. Conveyor speed too slow

Optimize conveyor speed

5. Preheat settings too high

Optimize preheat

8. Pallet not equipped with
center support device

Redesign pallet

7. Center support device not
adjusted correctly

Readjust

B. Material/Prior-Process Related

Potential Cause

Corrective Action

1. Boards warped

Stiffen or fixture board

2. Heavy parts designed in
center of board

Redesign heavy parts to
edges

3. Multilayer ground/power
planes not balanced

Redesign boards to balance
not balanced or relieve
ground/power planes

4. Holes or cutouts in board

Mask the holes

5. Board dimensions not
optimized

Change length-width ratio
Use stiffeners

9.5 Observed Condition: Grainy or Disturbed Joints

A. Equipment/Process Related

Potential Cause

Corrective Action

5. Warped boards—causes
assembly to lift off wave

Do not use warped boards

1. Vibration or jerky action in
conveyor

Clean and Iubricate in con-
veyor chains

6. Solder mask smeared on
pads around holes

Verify incoming acceptance
report

7. Holes not solderable or
“Weak Knee"” condition

Don't use unsolderable
boards

8. Poor plating (not continu-
ous) in barreis

Use good boards that pass
Float Test

9. Solder mask or other con-
tamination in holes

Use good boards that pass
Float Test

C. Design Related

Potential Cause

Corrective Action

1. Solder mask too thick

Specify thinner solder mask

2. Solder mask too close
around pad

Redimension more hole clear-
ance

2. Removing assembly from
conveyor too early

Allow assembly to travel con-
veyor too early to conveyor
end to permit solidification of
all joints

3. Excessive solder
temperature/slow cooling
rate

Reduce temperature, increase
cooling

4. Too much liquid flux in
holes

Provide more preheat to vola-
tilize flux thinners
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B. Material/Prior-Process Related B. Material/Prior-Process Related
Potential Cause Corrective Action Potential Cause Corrective Action
1. Solder alloy contaminated Analyze and correct solder 1. Flux solids content too low | Correct specific gravity'
composition Change flux type
2. Water or contamination in | Check and clean air fiter on 2. Flux contaminated Drain fluxer and refill with
fluxer air supply inlet air line fresh flux
3. High lead in board solder Check board solder coating 3. Solder mask not cured Check at incoming and
coat correctly correct
4. High gold content ;Zﬂ%gﬁ?_é%%‘g 1pr°°ess 4. Sb?éd\?vritrr?ﬁjt not compati- | Change solder mask or flux

5. Maisture in board material | Bake boards prior to wave

causing outgassing soldering

6. Chip terminations Do not use contaminated
contaminated parts

7. Contamination on some Do not use contaminated
component leads parts

Pre-tin

8. Off-spec solder on bare Analyze and correct

board

9.6 Observed Condition: Cold Joints

A. Equipment/Process Related

Potential Cause Corrective Action

1. Pre-heat temperature too Check and adjust
low

2. Conveyor speed too high Check and adjust

3. Low flux activity Use more aggressive fluxes

B. Material/Prior-Process Related

Potential Cause Corrective Action
1. Contaminated or Verify solderability per
unsolderable leads/pads J-STD-002 or
J-STD-003

9.7 Observed Condition: Solder Balis on Assembly

Solder balls may be found on either the top-side or the
bottom-side of the assembly. Solder balls on the assembly are
more common when a low-solids flux or a preparations fluid is

9.8 Observed Condition: Cracked Chip Components or
Plastic-Bodied Leaded Components

A. Equipment/Process Related
Potential Cause Corrective Action

1. Pre-heat profile too steep Reduce ramp rate by adding
more preheaters, reducing
conveyor speed, or decreas-
ing solder temperature

B. Material/Prior-Process Related

Potential Cause Corrective Action
1. Moisture entrapment Pre-bake parts per IPC-SM-
786 .
2. Inadequate multilayer chip | Refer to vendor or change
construction vendor
3. Pick and place machine Review and adjust tweezer
impacting parts pressure and Z-axis speed or
stop position
4. Warped boards Use boards within flatness
specification

10.0 CLEANING

Post-solder cleaning of assemblies is carried out to remove
ionic and nonionic flux residues and other contaminants which
may degrade product performance and reliability. It also may
be required to facilitate bed-of-nails testing.

In surface mount technology problems with the cleaning oper-
ation are primarily associated with getting the cleaning solution
in, and carrying the contaminants out of, the small spaces
associated with the close packed, high density assemblies.

The tendency is to focus on flux residues, but in some
instances contaminants from other manufacturing operations
can be equally damaging to the reliability of the assembly.

Cleanliness assessment is also an important aspect of the
cleaning process. Failure of the final cleanliness test is indica-
tive of a cleaning process unable to remove residues. A sec-
ond source of failure may be the test itself. For the former, the
process/materials checks outlined above should provide the
strategy needed to identify the problem. For the latter, a
method of test calibration is required. (Any test should be cal-
ibrated at regular intervals to insure accuracy. For further infor-
mation see IPC-CH-65).

This section presents a general listing of problems encoun-
tered in the cleaning process, potential causes and sugges-
tions for corrective actions. These solutions may be related to

used.
A. Equipment/Process Reiated
Potential Cause Corrective Action
1. Solder splash into pot Adjust anti-splash gates
rebounding onto board
2. Insufficient Activator Increase conveyor speed
Increase flux activator/solids
content
Increase quantity of flux
applied
Reduce air-knife pressure
3. Vibratory device in 2nd Reduce energy level to
wave set too high vibrator
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equipment, materials, design or prior processes. Accordingly
some of the solutions cannot be immediately implemented on
the shop floor.

10.1 Observed Condition: Visible Residue Visible residue
may have its source from the components or boards, the sol-
dering process, or the cleaning process. The residue may
have been on the assembly before soldering (dirty boards or
components), it may have been added during soldering (flux or
dross), or it may be the result of cleaning (inefficient removal or
even added during cleaning).

10.1.1 Observed Condition: Residue at Incoming
Incoming residue may be associated with either the manufac-
ture of the boards and components, or their handling and
storage.

A. Equipment/Process Related
Corrective Action

- Potential Cause

- 1. Residue on components or | Pre-clean components or
boards boards

2. Residue on components or | Work with supplier to elimi-

boards nate residue
3. Residue found after Pre-clean or modify storage
storage conditions

10.1.2 Observed Condition: Residue after Soldering
The soldering process may add residues from either the flux-
ing or soldering process. The presence of these residues may
not be a problem if the cleaning process can adequately
remove them. If it cannot (see below), it may be necessary to
adjust the solder process or change the flux used to insure a
cleanable assembly.

A. Equipment/Process Related

Potential Cause Corrective Action

1. Cleaner not operating Test cleaner, repair

properly, e.g., no spray

2. Flux exposed to excess Change solder temperature/
temperatures profile

B. Material/Prior-Process Related

Potential Cause Corrective Action

1. Flux and cleaning not
properly matched

Match flux to cleaning pro-
cess (see J-STD-004)

2. Cleaning media saturated Replace spent cleaning

with flux material

10.1.2.1 Observed Condition: White Residue White res-
idue is a sub-class of visible residue. It is mentioned here
because it often receives attention in excess of its due.

A. Equipment/Process Related

Potential Cause Corrective Action

1. Rosin flux exposed to Reduce times and tempera-
excess temperatures and | tures
soldering times

2. Inefficient cleaning process

Improve cleaning process,
e.g., longer cleaning time

B. Material/Prior-Process Related
Potential Cause

1. Inefficient cleaning of flux
activators

Corrective Action

Match cleaning media and
flux or change flux

Pre-clean boards
Work with vendor

2. Plating salts on the printed
wiring board

3. Solder mask fillers leaching | Change mask or boards

out in cleaning Improve mask cure

Change fiux or match flux
with cleaning

4. Tin or lead saits on board
from reaction of flux with
solder

10.2 Observed Condition: Failure of Conformal Coating
Failure of the conformal coating to adhere may be due to either
a coating process problem {not addressed here) or a cleaning
issue.

A. Equipment/Process Related

Corrective Action

Change/improve cleaning (see
above)

Check process control control
(see IPC-SM-84Q)

B. Material/Prior-Process Related

Potential Cause

1. Cleaning process
inadequate

2. Coating process not in
control

Potential Cause Corrective Action

1. Residues on board not Change cleaning process
matched with cleaning

process

11.0 REPAIR/REWORK

11.1 Scope The discussion of repair and rework of Surface
Mount Technology (SMT) assemblies herein will be restricted to
removal and replacement of misaligned, poorly soldered, dam-
aged or faulty components and the important intermediary
step of SMT land preparation. The discussion is also applica-
ble to manual or semi-automated new build of SMT assem-
blies. For a discussion of repair of circuit elements (.e., dam-
aged or removed lands, traces, vias, etc.), substrates, and
correction of soldering defects such as bridging or icicling, see
relevant sections of this document and IPC-R-700C or subse-
quent revisions thereto.

The discussion will be further restricted to manual conductive
and convective heating methods and semi-automated work-
stations. For a discussion of IR, automated hot bar, laser and
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other repair/rework methods, see relevant sections of this doc-
ument or other IPC documents.

11.2 General Each rework/repair method has certain
advantages and disadvantages depending on the particular
Surface Mount Device (SMD) {lead/termination design, size,
body material, etc.), component mounting site (adjacent com-
ponents, access, substrate type, thermal mass, etc.), and the
skill of the operator. For this reason, one should endeavor to
choose, in the first instance, a method which is likely to be the
most appropriate based on the goals and guidelines in 11.3.

11.3 Goals and Guidelines In the three basic processes of

SMD removal, SMT land preparation and SMD installation/

replacement, the fundamental goals include the following:

A. Non-destructive Process. No damage or degradation to
the board (both substrate and circuit elements), adjacent
components, and the component to be installed or
removed. This damage may be either mechanical, thermo/
mechanical or purely thermal in nature and may result in
either immediate failure, latent degradation in performace
and lifetime, or a combination of both.

B. Controllable, Reliable and Repeatable Process. The pro-
cess can be employed and, when necessary, modified by
a trained operator in a repetitive fashion with consistently
acceptable results.

C. Process Appropriate to Particular Application. The process
(or modification thereof) employed is appropriate to the
particular application based on the relevant guidelines
described below.

D. Operator Friendly Process. An operator of average skill can
become acceptably proficient in employing and appropri-
ately modifying the process with a reasonable amount of
training and practice.

In addition to these common goals, each of the three basic
processes has its own particular goals and guidelines due to
differences in thermal considerations and other process
requirements.

11.3.1 Non-destructive SMD Removal The particular pro-
cess goals and guidelines for non-destructive removal of
SMDs include the following:

¢ Preheat assembly and/or component as required

* Evenly heat all joints in a rapid, controllable fashion to achieve
complete, simultaneous solder reflow

® Avoid thermal and/or mechanical damage to component,
board, adjacent components and their joints

* Immediately remove component from board before molten
solder resolidifies

11.3.2 SMT Land Preparation SMT land preparation
should be performed prior to the installation (new build) or
replacement (rework) of a new component. Avoidance of ther-
mal and/or mechanical damage to the land and substrate is

critical. The two primary steps include:
® Remove Old Solder

This has been traditionally performed with solder wicking
material and a soldering iron. Newer techniques include con-
tinuous vacuum desoldering with a solder extractor and con-
tinuous “‘flow” desoldering employing a solder extractor and
special tip which allows: reflow and vacuum aspiration of the
old solder to occur simultaneously.

e Add New Solder

This is accomplished by either prefilling (pretinning) lands by
reflowing wire solder with a soldering iron {or some other
heating method), or by applying solder paste with a dis-
penser, typically, but not always, prior to component place-
ment.

11.3.3 SMD Installation The particular process goals and
guidelines for safe SMD installation include the following:

e Align and place component to lands {tack if necessary)
* Preheat assembly and/or component, as required
® Pre-dry applied solder paste with gentle heating

* Reflow Solder Joints (individually, in groups or all together)
with concentrated ‘‘targeted” heat in a rapid, controlled
manner while maintaining alignment of component to lands

¢ Avoid thermal and/or mechanical damage to component,
board, adjacent components and their joints

¢ Clean and inspect

11.4 Primary Heating Methods Primary heating methods
are those principally responsible for achieving solder meit dur-
ing an SMD installation or removal process. These are 1o be
distinguished from methods used for pre-heating and auxiliary
heating which are employed in addition to primary heating
methods in particular situations, as described in 11.5 Preheat-
ing and Auxiliary Heating.

11.4.1 Conductive (by contact) Heating Methods

11.4.1.1 Continuously Heated Devices Handheld con-
ductive heating devices generally fall into one of two catego-
ries. The first is continuously heated devices such as soldering
irons, thermal tweezers and thermal pick devices which may
be held at a selected idle tip temperature prior to use.

Continuously heated devices generally employ tinnable tips to
optimize heat transfer to the work.

Continuously heated conductive heating devices in SMT
rework and repair situations offer the following potential advan-
tages:

¢ Can effectively transfer a large amount of heat rapidly

e Can control heat delivery with tip temperature and dwell time

e Can safely access hard-to-reach places and confine heat to
limited areas with proper tip design, selection and use
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With continuously heated conductive heating devices, the fol-
lowing guidelines and precautions should be observed:

¢ Must establish good thermal linkage with joints for effective
heat transfer

¢ Contact may disturb component lead-to-land alignment

e May transfer heat too rapidly for use with solder paste or
sensitive components

¢ May obstruct view during alignment and reflow and interfere
with joint formation during reflow.

¢ May disturb lead/land alignment

11.4.1.2 Pulse Heated Devices The second category is
pulse heated devices such as lapflo type tools, resistance
tweezers and other handheld devices which produce heat
directly in the tip or the work with current. These devices gen-
erally employ low mass, non-tinnable tips which can remain in
contact with solder joints as they cool thereby facilitating
proper component alignment.

Pulse heated conductive heating devices in SMT rework and
repair situations offer the following potential advantages:

¢ Can effectively transfer a large amount of heat rapidly
e Can control heat delivery with dwell time, power setting and
tip selection

¢ Slim design tips can safely access tight places and confine
heat to limited areas.

¢ | ow mass tips heat up and cool down rapidly

¢ Non-tinnable tips can contact joint cold, heat to reflow, and
remain in contact during solder resolidification to stabilize
component alignment

¢ More gradual heat-up works well with solder paste

e Offers greater (though typcially insufficient by itself) margin of
safety for thermal shock sensitive components

With pulse heated conductive heating devices, the following
guidelines and precautions should be observed:

* Less effective means to contro! heat delivery since handheld
devices are generally not temperature controlled

e Must establish good thermal linkage with joints for effective
heat transfer

® Improper contact may disturb component lead-to-land align-
ment

* May produce unacceptable residual stress in some stiff leads
if not coplanar with lands

11.4.2 Convective (by gas/air flow) Heating Methods
Convective heating methods are generally found in devices
such as semi-automated benchtop workstations, high pow-
ered handheld hot air guns and nozzle-focused hot air jet
handpieces.

Convective heating devices in SMT rework and repair situa-
tions offer the following potential advantages:

¢ Non-contact process—generally won’t disturb joints or
obstruct view

¢ Under most conditions, work well with solder paste
® Can control heat delivery with:

—Gas/air temperature
—Gas/air flow rate
—Dwell time
—Distance from work

With convective heating devices, the following guidelines and
precautions should be observed:

e Significant possibility of damaging errant heating - must
properly focus and control gas/air flow to avoid this

e Must adequately control exit gas/air velocity (via pressure or
flow rate) to avoid:

—Displacement of applied solder paste
—Disturbing the alignment of components AND
—Minimize errant heating

« Inefficient means of primary heat delivery when compared to
conductive methods

11.5 Preheating and Auxiliary Heating There are two
principal reasons for pre-/auxiliary heating during SMT rework
and repair. Preheating is required when there is present a risk
of thermal shock in the substrate, components or both. The
goal here is to “‘thermally soak” the component and/or assem-
bly to a given temperature and thereby eliminate dangerous
temperature gradients which could produce immediate dam-
age, reduction of reliability or degradation over time.

For avoidance of thermal shock, the rate of temperature rise of
the work during preheating is critical. For example, many
ceramic chip capacitor manufacturers recommend that pre-
heating occur at a rate no greater than 2-4°C/sec. until a given
minimum temperature is reached.

Pre-/auxiliary heating is also required when the primary heat-
ing method cannot bring all of the solder joints completely up
to proper reflow temperature at ali or in an acceptably rapid
period of time due to heat sinking by nearby portions of the
substrate, circuit elements and adjacent components. The
goal here is to bring the assembly (or a portion thereof) up to
a sufficient (yet safe) temperature whereby the rate of heat
sinking is reduced to a level at which the primary heating
device can effect proper solder reflow.

Pre-heating for SMT repair/rework is typically accomplished by
either a temperature controlied conductive heating plate, by
controlled heated gas/air flow and to a lesser extent IR heat.
Again, controlling the rate of heat-up of the work during the
pre-heating phase (as measured by rate of temperature rise) is
critical to avoid the risk of thermal shock.

11.6 Vision Systems and Component Placement As
high lead count, fine pitch SMDs become commonplace, the
task of properly aligning and placing these devices during
manual or semi-automated SMT rework becomes more chal-
lenging.
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Appropriate vision systems with sufficient magnification, reso-
lution, field of view and working distance are critical for view-
ing alignment of component leads to lands and monitoring joint
reflow during SMD installation.

For installation of large body, fine pitch devices, it is often dif-
ficult for traditional vision systems to provide the level of mag-
nification necessary to align fine pitch leads to lands with a
field of view showing the entire component. New split image
systems address this problem by providing sufficiently magni-
fied views of a large component’s opposite corners such that
accurate lead/land alignment can be achieved.

Proper component handling systems which can adequately
establish and maintain X, Y, Z and THETA positioning are also
essential for successful alignment and placement during SMD
installation.

Vision systems come in various forms including stereo micro-
scopes, trinocular microscopes and CCTV (video) systems.
While microscopes are generally more economical, CCTV sys-
tems offer greater ease of use and less operator fatigue. See
IPC-0OI-645 for further information on optical inspection equip-
ment.

11.7 Selecting Optimum Method of Rework/Repair

Other than reasons such as purchase and life cycle costs of
equipment, operator training and skill costs and other eco-
nomic considerations, selecting the optimum method for SMT
rework/repair depends on a variety of factors. These include:

* Type of component
* Size of component
* Type of substrate

o Component mounting site

—thermal mass considerations
—adjacent components
—safe access to site

» Whether the component is being installed or removed
o Whether the component being removed is being salvaged
» Applicable workmanship specifications

© EOS/ESD control requirements

Every rework/repair method and its attendant equipment has
advantages and disadvantages in each particular SMD instal-
lation or removal situation. These can be evaluated in terms of
their ability to achieve the process goals and guidelines con-
tained herein when used by a properly trained operator.

11.8 Troubleshooting After making an initial selection of
the most appropriate SMD installation and removal method
based on the guidelines contained herein, each process must
be modified by the operator based on observed conditions to
achieve optimum results.

11.9 Observed Condition: Insufficient solder reflow to
effect SMD removal

Potential Cause Corrective Action

1. High thermal mass condi-
tion

Use pre-auxiliary heating

2. Insufficient heat from pri-
mary heating device

Use more efficient heating
method or device, or increase
idle tip temperature

3. Insufficient heating time Increase heating time

For Conductive Heating Methods:
Potential Cause Corrective Action

1. Insufficient thermal linkage | Improve thermal linkage with
between heating tip and solder and/or select tip which
work provides more contact area

For Convective Heating Methods:
Potential Cause

Correclive Action

Use more efficient heating
method or increase air
temperature

1. Insufficient air temperature

Increase air flow
Bring air nozzle closer to work

2. Insufficient air flow

3. Air nozzle too far from

work

11.10 Observed Condition: Component not removable
after solder reflow or lifted lands upon attempted
removal

Potential Cause Corrective Action

Use method in which removal
can be effected immediately
upon complete reflow of all

1. Solder resolidifying before
removal can be effected

joints
2. Adhesive holding compo- Shear bond after heating to
nent free component (i.e. theta
movement)

Use alterate method which
provides rapid simultaneous
reflow of all joints followed by
immediate removal to keep
process time to a minimum.
Assure that heated tip or air
properly contacts and reflows
all joints equally.

3. Not all joints have been
reflowed

11.11 Observed Condition: Lands being lifted or dam-
aged during removal of old solder

Potential Cause Corrective Action

1. Lands being overheated

Use lower temperature or
altemate method which
doesn't overheat lands

2. Lands subject to mechani- | Use alternate method or mini-
cal force while being mize mechanical force to
heated which lands are subjected
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11.12 Observed Condition: Insufficient or poor adhesion
of solder on lands during pretinning operation

Potential Cause Corrective Action

11.15 Observed Condition: Blistering or measling of
substrate, or lifted lands during SMD installation or
removal

1. Lands oxidized or contam- | Clean iands using appropriate
inated method

2. Idle tip temperature of sol-
dering iron too high

Lower idle tip temperature

3. Improper size or shape of | Use appropriate size and

For Conductive Heating Methods:
Potential Cause Corrective Action

1. Preheat temperature too
high

Lower preheat temperature

soldering tip shape tip

11.13 Observed Condition: Misalignment of component
to land pattern during SMD installation

2. Tip temperature too high Reduce tip temperature

3. Too much pressure Reduce pressure on tip and
applied improve thermal linkage with
solder joint(s)

4. Poor contact with solder Assure good thermal contact
joints with solder joint(s)

Potential Cause Corrective Action

1. Some leads are not tacked | Tack some leads or hold
or the component is not component in place during
being held in place (con- reflow, or use convective
ductive heating) method

2. Alr velocity too high (con- Lower air flow rate

vective heating)

11.14 Observed Condition: Dispersion or solderballing
of solder paste during reflow

Potential Cause Corrective Action

1. Air velocity too high (con- Lower air flow rate

vective heating)

2. Air temperature too hot Lower air temperature

Use convective method or
lower tip temperature

3. Soldering tip too hot (con-
ductive heating)

4. No predrying of solder Predry solder using convec-
paste tive methed

5. Old or defective solder Use fresh, accepted solder

paste

For Convective Heating Methods:

Potential Cause Corrective Action

1. Preheat temperature too
high
2. Air temperature too high

Lower preheat temperature

Reduce air temperature

3. Air volume or velocity too Reduce air volume or velocity
high or use more focused convec-
tive heating method
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Standard Improvement Form IPC-S-816

The purpose of this form is to provide Individuals or companies are invited to If you can provide input, please com-
the Technical Committee of IPC with submit comments to IPC. All com- plete this form and return to:

input from the industry regarding ments will be collected and dispersed IPC

usage of the subject standard. to the appropriate committee(s). 7380 N. Lincoln Ave.

Lincolnwood, IL 60646-1705
Fax 708 677.9570

1. I recommend changes to the following:
— Requirement, paragraph number

— Test Method number __ |, paragraph number

The referenced paragraph number has proven 1o be:
__Unclear __ Too Rigid __ In Error
— Other

2. Recommendations for correction:

3. Other suggestions for document improvement:

Submitted by:

Name Telephone
Company

. Address
City/State/Zip Date
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