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Controlling Contamination
And Improving PCB Yields

Today’s electronics sector is under
severe pressure to improve margins,
increase efficiency, eliminate waste,
and ramp up production volume
levels. However, once the latest lean
manufacturing techniques have
been employed is there still room for
further improvement? In the opin-
ion of the authors, there is. One of
the key areas for yield improvement
is to remove contamination and
static from the PCB environment.
This article looks at how contamina-
tion can be measured and controlled
and perhaps most importantly, what
solutions can be put in place to ne-
gate the effects of contamination on
PCB production.

Surface contamination is an issue
that electronics manufacturers are
taking very seriously. Wastage is
a major problem, especially with
higher value multilayer boards and
as track and gap widths become
smaller. Less wastage leads to great-
er throughput, lower costs and ulti-
mately, increased profitability.

Contamination is inevitable because
of a number of factors. On the whole,
lines are not located in cleanrooms.
When the PCBs are separated, a

Figure 1— The contact cleaning process

static charge is generated which
acts like a magnet for surface and
airborne particles. In addition, the
PCBs can release epoxy dust from
routed edges and loose glass fibres
can contaminate the board.

Other key sources of contamination
include human hair, dust, lint from
cleaning cloths, fibres from cloth-
ing, dust, skin flakes, epoxy dust,
solder paste, solder, conveyor debris
and packaging materials.

A number of problems in the manu-
facturing process can be caused by
contamination including: blocked
stencils, blocked adhesive nozzles,
solder balling, tomb stoning, poor
shape of pad, reliability of joints and
long-term joint integrity.

The first step in eliminating con-
tamination is to carry out a contam-
ination audit to identify the sources
of contamination in the PCB envi-
ronment. Audits using air sampling
alone can quantify the number of
particles in the air, however this nei-
ther identifies the type of particle nor
does it take account of any particles
which are too large to be airborne.
Therefore a special contamination
audit technique has been developed
which uses a hand-held elastomer
roller to pick up con-
taminants from any
surface within the

High Performance

/ Adhesive Roll

production environ-
ment. These particles
are then transferred
to a special adhesive
pad for easy identi-
fication of the main
contaminants in an

Printed Circuit Board

/

Specially Formulated
Elastomer Roller o

N\

Static Elimination Bar

area of the produc-
tion facility to enable
the most appropriate,
cost effective meas-
ures for reducing
contamination  and
increasing yield to be
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taken. The results of these tests are
transposed on to a Contamination
Matrix. There are two types of Con-
tamination Matrix.

The first type is a Contamination Ma-
trix for each department on which
all the samples taken in that depart-
ment are logged, together with their
analysis results. This analysis makes
itimmediately obvious where house-
keeping procedures or manufactur-
ing protocols need to be changed or
improved within the department. It
also highlights what the major types
of contamination are. The second
type is a summary Contamination
Matrix which covers the facility as a
whole. This shows each department
with their total contamination levels
logged and is helpful in illustrating
the flow of contamination through-
out the plant. Careful analysis of
these matrices can reveal the major
areas where contamination poses a
high risk to process yields and ap-
propriate action can be taken to re-
duce the contamination levels.

Once remedial action has been tak-
en, the contamination audit should
be repeated in that area to measure
the change in contamination levels.
Close monitoring of improvement
in the process yield should also be
carried out. The revised matrix can
then be overlaid on the original one
to show where improvements have
been made.

Contamination Audit methodology

The Contamination Audit measures
both the air quality and the type and
concentration of surface contamina-
tion within the audit areas. The ob-
jective of the audit is to identify the
sources of contamination through
careful analysis of the samples and
observation of the production proc-
esses.
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The first step in producing the Con-
tamination Audit is to develop a
process flow map. There are two ba-
sic types of process from a contami-
nation point of view. There are those
which generate contamination as an
inherent part of the process such as
drilling or wet processing, and those
which are sensitive to contamina-
tion like solder paste printing, resist
application and exposure.

Next, plans of every area to be au-
dited should be prepared. These
plans should show the positioning of
all the equipment in the room and
the layout of the doors, as well as
any other points where materials or
products enter the production area.
One corner of the plan should be re-
served for notes detailing the type of
clothing operators are wearing plus
any other relevant details. The plans
will be used to identify exactly where
the samples have been taken so that
each Contamination Audit can be
repeated in precisely the same man-
ner.

An instrument called a tyndleometer
is used to measure the air quality.
This provides a qualitative measure
of the number of particles in the air
and is ideal for environments where
the volume of particles would quickly
block up a standard air monitor. The
sampling process is very quick which
allows real-time analysis of air quali-
ty at various locations within a room.
Sampling positions are marked on
the department plan. Surface con-
tamination samples are collected us-
ing a special hand-roller (such as the
Teknek DCR roller) which can pick
up loose particles down to one mi-
cron in size. The roller is rolled over
the surface to be examined and the
particles are then transferred onto
a special adhesive sheet with a grid
pattern on it. This concentrates and
permanently holds the contamina-
tion for later analysis. The sample
is then covered with a release sheet
containing details of the precise lo-
cation of the sample. Any relevant
notes about the sample area should
be noted on this sheet, peeling paint
on equipment, for example.

Key areas to be sampled include
floors, walls, ceilings, inside surfaces
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of PCB equipment, the PCBs, trans-
port systems and operators.

Once the samples have been collect-
ed, the primary method of analysis
is to use a microscope (minimum
60x magnification) to inspect each
square in the sample grid. Using
reference photographs each type of
contamination can

Class 100, Class 10,000 and Class
100,000. These classes refer to the
number of particles, 0.5 microns or
larger, which are permitted in each
cubic foot of air. It is often assumed
that because of this limit it is only
necessary to clean the parts on entry
to the cleanroom and they can wait
to be processed without any danger
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forms of particulate
contamination  are
major causes of re-
work and scrap in the
production of high density circuitry;
e problems associated with dust are
long standing in the industry but the
situation has become more acute
with the advent of higher packing
densities in circuits. As line widths
reduce, the amount of tracking per
unit area grows, with the result that
there is a much greater risk of a par-
ticle of contamination, of sufficient
size to cause a fault, falling on the
PCB. The risk also rises in propor-
tion to the number of layers in the
circuit board.

Cleanrooms are often considered to
be the answer to all dust and con-
tamination problems as they in-
corporate air filters and ionisers to
remove airborne particles and static
charges from the air. There are three
main classifications of cleanroom:

Figure 2 — The areas which can benefit from just-
in-time contact cleaning

of recontamination. However, Class
10,000 and Class 100,000 can still
have a substantial number of par-
ticles above 5 microns and when
these land on the substrate it can
lead to serious problems. Another
drawback of cleanrooms is that they
are expensive to install and the pro-
cedures to maintain the stringent
levels of cleanliness are very time
consuming.

Another method which is commonly
used in the electronics sector is to
wipe the underside of the stencil
with a dry or wet cloth. Dry cloths
can be used immediately prior to
processing and so reduce the time
in which airborne contamination
can affect the part. If solvent is used
with the cloth, residue from the
chemicals can cause problems such
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as resist delamination when the
board is processed. The cloths them-
selves can cause contamination with
loose fibres attaching themselves to
the boards leading to considerable
downtime and production yield re-
duction. Another source of contami-
nation in a PCB production line is
airborne particles caused by solder
fumes. Airbourne particles range in
size from 0.01 to 1000 microns so if
the pitch of the component leads is
20 microns these particles can cause
problems. In fact, the finer the com-
ponent lead pitch, the greater the
risk of particles causing errors, wast-
age and rework.

The most effective solution is con-
sidered to be pre-cleaning the boards
using contact cleaning equipment to
provide ‘Just in Time’ cleaning of the
board immediately prior to it enter-
ing the production process.

Such equipment uses a highly-en-
gineered elastomer roller to remove
particles (down to one micron in size)
from the surface of the substrate.
The particles are then transferred to
a roll of specially formulated adhe-
sive film which stores the particles
for later examination and disposal.
Once the board has been cleaned in
this manner it is then put through a
static neutralization unit to remove
any static charge which could attract
particles and recontaminate the
boards (Figure 1). The key benefits of
using contact cleaning to pre-clean
boards are:

® improved yields;

o faster production;

¢ higher quality;

¢ higher reliability of joints;
® [ess rework and wastage.

Other actions that can help mini-
mise the incidence of contamination
include:

¢ establish housekeeping protocols to
document and monitor the residual
level of contamination in the room;
e the air supply to the machines
should be filtered;

e routine cleaning of inside the
production line equipment should
be part of the preventative main-
tenance procedure.
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Key areas for contact cleaning

Lamination is not the only circuit
manufacturing process which is
dust sensitive. The requirement
for ‘Just in Time’ R

contact cleaning
technology is evi- §
dent in many oth- §§
er departments of
circuit manufac-
ture (Figure 2)
including:

e photography:
unexposed pho-
tographic film,
taken straight
from the box
can be contaminated with parti-
cles generated during the slitting
operation which converts the rolls
of film into sheets prior to box-
ing. Cleaning all film, exposed and
unexposed, prior to contacting
will eliminate pinholes caused by
this loose surface contamination.
In addition, cleaning of diazo or
silver halide films should be un-
dertaken each time a phototool is
used to reduce touch-up time and
improve the quality of fine line cir-
cuit boards. Phototools which are
to be laminated with an emulsion
protection film such as ‘Protek’,
should be cleaned prior to lamina-
tion. Combination cleaner/lamina-
tor units are available for this ap-
plication;

e resists: whether dry film, screen
printed or curtain coated, all re-
sists require the copper panels or
inner layers to be cleaned to pre-
vent pinholes or blistering of the
resist. Specially designed units are
available which can be retrofitted
to most models of dry film lami-
nator. Stand-alone units, located
beside the laminator, can also
be used. The resist coated panel
should be cleaned again immedi-
ately prior to exposure;

e screen printing: all screen print-
ing operations result in better
quality parts if the substrate is
cleaned prior to printing, as dust
on a part can either be encapsu-
lated in the printing ink, causing
rejection of the part, or can clog
the mesh. Should the mesh be-
come clogged, several parts may

be printed before the fault is no-
ticed and these boards may have to
be scrapped;

e mutlilayer build: the cleaning of
each individual layer of a multilay-

Figure 3— BGA with fibre and dust

er package prior to assembly will
prevent particles of contamination
being compacted into the copper
tracks of inner layers during press-
ing. Caul plates and other tooling
ancillaries should also be cleaned;
¢ automatic optical inspection: the
use of automatic optical inspec-
tion equipment to locate defects in
PCBs is becoming more prevalent.
However, the inability of many of
these units to distinguish between
a defect and a particle of dust will
cause false readings. Cleaning the
board before scanning can save
operators spending substantial
amounts of time investigating
these phantom defects.

Conclusions

Substantial yield improvements
can be gained by adopting a sys-
tematic and proactive approach
to contamination monitoring and
control. The Contamination Audit
and its related matrices provide a
flexible framework with which to
assess the contamination levels
throughout the production facil-
ity and identify the most beneficial
contamination control methods.
Pre-cleaning of PCBs before they
enter the production process is es-
sential. One of the most effective
methods of doing this is to pass
the boards through contact clean-
ing and static neutralisation equip-
ment prior to the production line
in order to remove surface con-
tamination on the substrate.
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