Electrostatic discharge
(ESD) has killed more
semiconductor products
than any destructive tests.
But the awareness is now
high and the products to
suppress static are legion

By Peter Green, Market Manager,
ISta\tic Control Systems, 3M Canada
ne.

The effect of static charges on
microelectronic components is no
longer a matter of speculation. Device
manufacturers, printed circuit board
assemblers, equipment manufactur-
ers, and to some extent equipment us-
ers, have all become aware of the tre-
mendous losses associated with da-
maging static charges.

Industry was initially slow to recog-
nize the need to control ESD, but the
trend to smaller, faster microelectronic
devices that consume less power has
caused static control to become an
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Improving static control awareness

area for critical concern. It has be-
come so important in the manufactur-
ing sector that it may become a limiting
factor in the drive to achieve greater
packaging densities and combine
functions on single chips.

Arriving at this level of awareness
has not been easy. Static charge levels
needed to damage most components
are below the threshold of human per-
ception (Table 1). Conducting the re-
search and gathering the data needed
to identify and quantify the results of
electrostatic damage has been a diffi-
cult and lengthy task.

Even today, new research is helping

CANADIAN ELECTRONICS ENGINEERING MARCH 1985

23



The RSC or regular slotted carton
when shielded provides both physical
protection and static shielding.

to establish better control of the ESD
phenomenon. New.and better shield-
ing methods and materials, better test-
ing procedures and more critical circuit
and component design are being used
to wage the battle on many fronts.

Static can be costly

There is good reason for concern.
3M static control analysts point out
that a 0.5% device failure rate be-
comes a 40% system failure rate on
systems with five boards containing 20
devices each. This results in escalating
costs to repair and replace at the field
level, and perhaps a corresponding
loss of credibility in a competitive mar-
ketplace, (Table 2).

The hard or catastrophic failure of a
microelectronic component is easy to
isolate and repair. However, soft or
latent degradation is far more difficult
to identify. Some manufacturers claim
there are 10 degraded components
for every one damaged to immediate
failure. And it should be noted that
90% of the ESD problems in field appli-
cations are the result of component
degradation, rather than a hard fail-
ure.

A recent study of various devices
showed that voltage strikes at 25% of
the device's rated destructive level,
can seriously soften the "'knee’’ of the
current/voltage characteristic. (MIL-
STD-883C, Test Method 3015-2).

Systems approach

Many companies are finding that
success in dealing with electrostatic
discharge depends on adopting a sys-

tems approach to the problems. This
involves making sure that the various
static control products being used
complement each other and that all
elements of the organization are
equally effective. Any one product
might have impressive technical speci-
fications, but it is very important that it
work well in conjunction with other
products in order that it perform to the
fullest extent of its capabilities.

It is, of course, important to contro!
static charges on non-conductive sur-
faces as well as conductors. Paper,
plastic and styrofoam are examples of
non-conductors found in abundance.
Technology to manage this has been
used for many years. The printing,
plastic film and sheet fabricating, and
the photoprocessing industries are ex-
amples of those who have applied the
methods successfully.

Neutralizing the static charges is
achieved by production of free positive
and negative ions from a nuclear or

high voltage electrical source. Usually
a non-turbulent airflow is used to dis-
tribute the ionized environment. The
same principle can be used to combat
charges on non-conductors in the
electronic manufacturing workplace.
An ionizing air-blower installed at a
workstation, for example, can com-
plete the ESD control system here, and

in addition contribute to worker com- |

fort with a gentle, warm airflow at the
same time.

Next priority

Even 100% static control during
manufacture does not mean an end to
the problem, however. Protective mea-
sures must extend beyond assembly

lonized air blower effectively sweeps
static away. lllustration shows
ionization current pattern. The unit
relating to these characteristics is a
3M 911 with nuclear static eliminator
element.

BLOWER
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to encompass transport, storage,
shipping, field service work and end
use.

Preventing static damage from oc-
curring after manufacture, along with
ESD-related field failures, becomes the
next priority. To achieve this, the same
level of awareness must be promoted
among field service organizations and
equipment operators alike. Material
suppliers and electronic equipment
manufacturers can each benefit from
this process.

Protect during shipment

Often overlocked is the protection
that should be afforded the ESD-sensi-
tive components while they are being
transported from the manufacturing fa-
cility to the next step in the distribution
chain.

Protection must be both physical
and static shielding. The former can be
accomplished in a number of standard
types of shipping containers. By far the
most frequent method, regular slotted
cartons (RSC) usually provide physi-

ESD Susceptibility
of Various
Electronic Devices
Range of ESD
Device Type Susceptibilty
(Volts)
VMOS 30 to 1800
MOSFET 100 to 200
GaAsFET 100 to 300
EPROM 100
JFET 140 to 7000
SAW 150 to 500
Op Amp 190 to 2500
CMOS 250 to 3000
Schottky Diodes 300 to 2500
Film Resistors
(Thick, Thin) 300 to 3000
Bipolar Transistors 380 to 7000
ECL (PC Board Level) 500 to 1500
SCR 680 to 1000
Schottky TTL 1000 to 2500
Source: Dow Chemical
Table 1
Typical Discharge Times
Object centered in 2’ x 4’ work area
Neutralization
Capacitance | Voltage Time
Object (pico farads) | (kilovolts) | (seconds)
Cottae cup 10 3 8.3
{shyrenae)
Plastic box 4 5 58
[27%3"%75"
Cardboard box 4 5 11
(2451 " %]

Table 3. Typical discharge times using
an ionized air blower for non-
conductive objects. Watch for those
styrene coffee cups!

The static-safe work area is capable of
controlling static charge on conductive
objects, non-conductive objects and
people

cal protection from puncturing. Some
form of interior wrapping also is re-
quired to reduce the damage from vi-
bration.

Triboelectronic charge damage can
be easily prevented by using some
form of antistatic or conductive wrap-
ping or filler. Care must be taken to
ensure that the material used is con-
ductive enough to provide true anti-
static properties.

Two other forms of electrostatic
damage, direct current discharge or
voltage field effects, need another
form of protection—a static shield or
Faraday cage. To achieve this, a con-
ductive shielding material can be
coated or laminated to the carton sur-
face. Alternatively, the ESD-sensitive
components can be simply shipped in
the same static shielded bag that was
used to transport them from the as-
sembly area.

Some companies are considering
the use of a static shielding bag inside
a shielded shipping container lined with
antistatic foam. Although some may
consider this double or even triple pro-

tection, consideration should be given
to the handling procedure at the desti-
nation. ESD-sensitive components re-
main so always, regardless of the point
reached in the distribution cycle. As a
result, protection must be afforded in
case the component is removed from
its shipping container before reaching
a static-safe work area.

Large field service
industry

The majority of electronic equip-
ment purchased in this country is im-
ported, and maintaining and repairing
it has become in itself a large Cana-
dian industry. Many companies have
their own captive service departments,
a good example being the telephone
operating companies. Others are con-
tracted to service certain equipment
on an exclusive basis. Numerically, the
largest group are the independent field
service organizations.

In every case, field service can
either help or hinder the effort to pre-
vent ESD-failure. If static control proce-
dures are not implemented here, origi-
nal efforts by the manufacturer can be
nearly neutralized. On the other hand,
simple precautionary measures can
enhance manufacturers’ ESD pro-
grams and significantly reduce prema-
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Table 2. How a respectable 0.5%
device failure rate can become a 40%
disaster. S. Russell of Teradyne has
presented this mathematical
probability, based on standard
attitudes on acceptable quality levels
and realistic failure rates caused by
static discharge. He observed that if
you allow static to degrade just 0.5%
of the devices going through an
assembly area and are installing 20
devices per board, the potential board
failure rate is 10%. But with five boards
per typical system, the likelihood of
premature board failure reaches 40%.

ture field failures. Reduction of service
calls alone can make an organization
more effective and more profitable. If
necessary, custom static control field
service kits can be produced to ensure
that technicians can use the correct
materials and procedures in their own
workplace. In any case, the investment
required to achieve this level of pre-
caution is small when compared to the
potential savings.

The end user link

Equipment users are spread
throughout all segments of the com-
mercial, industrial and consumer sec-
tors. Governments, financial and insur-
ance institutions, education, retailing,

hotels and restaurants, general in-
dustry, and individual homeowners are
all consumers and operators of a vari-
ety of sophisticated electronic equip-
ment. '

Although the equipment itself is di-
verse, all of it is sensitive enough to
electrostatic damage to potentially
cause breakdowns, interruptions and
errors in everyday situations. Elec-
tronic typewriters, telexing and tele-
communications equipment, word pro-
cessing and all forms of computing
equipment, electronic cash registers,
numerical controls, security systems,
graphic processors, electronic auto-
motive systems—the list seems never-
ending.

To complicate the issue, most users
are unaware that they, as human be-
ings, are the biggest generators of
static electricity and that they person-
ally present the greatest danger to
microprocessor-driven equipment.
Creating an understanding of this fact
and instituting simple control proce-
dures should be a high priority.

Attaining this goal is a long process,
but it will only be reached by a co-
operative effort. Just as the electronics
industry understand the eventual bene-
fits, the purchaser of a piece of equip-
ment should be made aware of the
problems with ESD, and benefits

accruing from control procedures. Em-
phasis must be given to prevention of
ESD problems, rather than detection
once a problem occurs.

For example, if a fault occurs on a
piece of electronic equipment the nor-
mal procedure would be to call a tech-
nician to solve the problem. Many are
intermittent and thus difficult to identify.
If the fault happened to obliterate an
important piece of data, the cost asso-
ciated with reworking the data, the
lack of productivity due to equipment
downtime, plus the service call itself
can be determined with reasonably ac-
curacy. This cost in a single instance
can easily be equivalent to, or greater
than, the cost associated with ade-
quate electrostatic prevention.

Consumer education vital

Despite the acknowledged neces-
sity of using static control procedures
at the manufacturing level, a purchaser
is rarely told that the equipment has
ESD-sensitive components. Beyond
question, damage can occur with op-
erator handling when static control
floor mats or conductive keyboard
pads are not used. Static control mea-
sures are gaining some acceptance
among these users, but a greater ef-
fort from all industry segments would
provide benefits for all.
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For example, equipment manufac-
turers and their associated component
suppliers would benefit through re-
duced warranty costs and gain a
greater market acceptance for the re-
liability of their products.

Service companies would be able to
make sure that field calls were for
problems other than ESD-related. It is
even possible that a reduced-cost ser-
vice confract could be offered to cus-
tomers using static control proce-
dures.

The consumer would undoubtedly
benefit because there would be less
equipment downtime, and fewer errors
intfroduced to the system. Productivity
savings would accrue.

in summary, awareness of the po-
tential damaging effects of electro-
static discharges or microelectronic
components is widely accepted.
Greatest acceptance has come from
the manufacturing sector but some
field service organizations, and a small
number of equipment users are also
familiar with static control precautions.

The static control system is only
complete when all elemenis are in
place and utilized. ESD precautions
should include control of both conduc-
tive and non-conductive surfaces dur-
ing all phases, from receiving and stor-
age through assembly and shipping to
field and end use.

Education of the end user remains a
key facet in the reduction of ESD-
realted problems and their associated
costs.
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The hardware of static

protection

Static has been around ever since
the ancient Egyptians, (or was it the
Romans and Greeks?), stroked their
pet cats on cold days. It also reoccur-
red when the first transistorized car
radios were introduced because the
first cold, dry day saw the input RF
amplifier blow its base-emitter junction
a microsecond after the car key was
inserted in the door!

Now there's anti-static spray for the
cat and a voltage dependent resistor
plus a dissipative base-emitter diode
to protect the NPN, PNP or IC in the
car. But the advent of statically fragile
field effect semiconductars, EPROMs
and CMOS to the large-volume pro-
duction floor means that even the parts
tote boxes, the factory floor and the
shipping wrap and containers need to
be Faraday-caged and static proofed.
And so, enter the static hardware spe-
cialists, still, to some extent, charged
(pun intended!) with the requirement to
convince the end-users that static is
here to kill.

Buckhorn boxes

Anti-static conductive boxes are the
bread and butter of Buckhorn Materi-
als Handiing Products Inc., of Missis-
sauga, ON. Buckhorn's Jim Morrison

says that at least eight sizes of these
containers are made in Canada. For-
merly known as Nestier, the company
has two ranges of containers which
can be made from polyethylene as well
as from a proprietary brand of carbon
loaded non-conductive plastic. The
two styles are a Modubox, with adjust-
able dividers, a flat area for labels
and/or bar code placement and a re-
inforced lip for automatic extraction
and edge racking. The other style is a
conventional open front bin.

Buckhorn keeps some $60 000 of
anti-static containers on hand: time for
development and tooling for custom
containers is five to six months, though
the US and Canadian operations have
many standard sizes available off-the-
sheilf.

Current sizes are from .01 to 8.2
cubic feet.

Shocking carpet

Once upon a time, it was common to
hand your associate a fully charged 10
microfarad capacitor and watch the
facial contortions when it discharged
across the palm of the hand. Tom Re-
nnie, marketing manager of Badische
Canada, has a similar toy that he uses
to show the static-dissipative proper-
ties of Badische's patented Zeitron®
nylonfiber. Rennie has his own high-
voltage generator, battery operated
with a high frequency oscillator, recti-
fier and charge capacitor. Charged, he
puts the base plate on the carpet. The
well-conducting carpet material leaves
no charge on his probe, but your av-
erage carpet material still allows plenty
of sparks to fiy from the undischarged
capacitor.

However, there are a couple of
points in this connection: there's the
electro static problem of human com-
fort and convenience, and there's the
ESD of a lower potential for human dis-
comfort, but one that kills chips and
generates computer lies: garbage out
can result not only from garbage in, but
also from static in.

The voltages involved in electro-
static discharge (ESD) are high. Peo-
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ple are sensitive to ESD above the 3.5
kV level. ESD at above the 2 kV level
can cause operating errors and even
component damage in computers, es-
pecially advanced microcomputers.
For that reason computers used in a
general office environment require
greater protection against ESD than is
provided by standard anti-static car-
pet. Computer grade carpet uses
highly conductive fibers and construc-
tion to prevent the development of high
electrostatic potentials.

Carpet. .. and carpet

The carpet industry developed a
number of techniques for reducing the
amount of static generated. One early
method, still in use, involves treating
the carpet with moisturizing and lubri-
cating agents. This gives some protec-
tion, but the treatment has to be re-

newed frequently, and it is not appro-
priate for high traffic areas. The treat-
ment tends to encourage soiling, and
can cause severe maintenance and
appearance problems. Maintaining hu-
midity levels at 40% or more can sub-
stantially reduce electrostatic genera-
tion, but is difficult to achieve in dry or
cold climates.

A better solution appeared in the
late 1960s with the incorporation of
metallic fibres in the carpet pile. The
first experimental fiores were soon re-
placed by some form of carbon-con-
ductive filament, with vastly superior
wear properties.

The conductive fibres are an inte-
gral part of the yarn system. In loop
construction the conductive fibre runs
along the entire length of the carpet; in
cut pile construction it begins and ends
in each tuft. Many cut pile carpets use
a conductive primary backing which

1. Onreaching the trouble location, the
repair person should unfold and lay out
the work surface on any convenient
area such as table or floor adjacent to
the trouble location.

2. Attach the ground cord to the “work
surface’ via the snap fasteners and
attach other end of ground cord to a
reliable ground via alligator clip. Water
pipes, unpainted equipment frames,
electrical conduit or building frame
members usually comprise accessible
and reliable ground locations.

3. Slip on a wrist band that is comforta-
ble, but still contacts the complete cir-
cumference of the wrist. Contact be-
tween wrist and wrist band need not be
tight, but extremely loose fits are not
desirable. The wrist bands are often
color coded; blue is the large size and
camel is the small size for 3M prod-
ucts.

4. Snap ground cord to wrist band.
Attach other end of ground cord to reli-
able ground via alligator clip. Since
conductive work surface is volume
conductive plastic, personnel may alli-
gator clip the wrist strap to the plastic
film provided it is properly grounded.
5. The repair person is now safe to
remove and handle static-sensitive
components. Once the suspected
board is removed, it should be immedi-
ately placed in a static shielding bag.

Static-safe field service procedure

The replacement card can then be re-
moved and inserted into the equipment
frame. If a static shielding bag is not
available, the trouble board may be
wrapped in the work: surface for de-
livery to the repair facility.

6. If the suspect board is to under go
on-site testing or repair, it may be
safely placed on the grounded work
surface. Once grounded, the conduc-
tive film cannot hold static.charge. The
high conductivity of the material in-
sures it will shield the board from static
laden carpeting or vinyl floor tile.

7. If recalls persist and the possibility of
user-caused static damage occurs,
placement of a permanent static con-
trol fioor mat in front of the troubled
equipment may be required.

improves their ability to dissipate static.

Static-controlled carpets effectively
solve comfort problems by holding
ESD levels below 3.5 kV. Specifica-
tions for a computer-compatible car-
pet, however, require that static
charges should be reduced to much
lower levels, and that they should be
dissipated quickly so that a person ap-
proaching from an unprotected area
does not carry a dangerous charge to
computer equipment. Meeting such
specifications requires new attention
to materials, to methods of construc-
tion, and to test procedures.

A comfort carpet takes about 10
seconds to bring the charge down to
the 3 kV range, adequate for general
use but inadequate in a computer envi-
ronment. The computer carpet must
bring the charge down to less than 2
kV in about 1 second, and keep it well
below the danger level.

Tom Rennie says that Zeftron® ny-
lon computer grade carpet is guaran-
teed not to generate more than 2 kV:
minimum resistivity is 150,000 ohms
per square, maximum resistivity 1 x 108
ohms per square.

Other low volts floors

Carpeting is not the only anti-static
floor material. Some manufacturing en-
vironments find it not acceptable. Ford
Electronic’s new plant in Markham, ON
uses white anti-static paint over the
entire production area. If you are a car
manufacturer, the thought of a car-
peted assembly floor must be anethe-
ma! Mitel Corp. in Kanata, ON has, on
the other hand, a 25,000 sguare yard
research and development area en-
tirely floored with specially developed
computer grade carpet.

There's also conductive vinyl tile
and conductive carpet squares avail-
able, but these have theoretical prob-
lems in charge transfer when used in
any significantly large area.

The end choice may be the toss-up
between apparent wear and appear-
ance. A computer grade carpet, notes
Tom Rennie, can have any color, feel
and quality that an interior designer
could ask for. He's also talked to the
service manager of a computer manu-
facturer who believes that 60% of his
service calls resuit from static.

Who knows—maybe CMOS green
will become the institutional floor cover
choice for computer banks! [Ceg]
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Photo courtesy 3M Co.

OS TECHNOLOGY has brought

tremendous advances to modern
electronics. However, MOS devices suf-
fer from one fatal shortcoming: they can
easily be destroyed by static electricity
when they are handled or being installed
in a circuit. Even so-called “protected”
MOS devices are not immune from be-
ing ruined by static electricity if proper
precautions are not taken.

In this article, we will discuss the
physical makeup of the typical MOS de-
vice and see how and why the MOS de-
vice is so easily destroyed. Then we will
detail some of the steps you can take to
prevent destruction of the device.

MOS Device Construction. In acir-
cuit, a MOS device “looks” like a volt-
age-controlled resistor in which the
equivalent MOS resistance between the
drain and source is varied by a voltage
applied to the gate electrode. (See Fig.
1.) Physically, the gate electrode is a
thin layer of metal deposited on a very
thin (about 1000 Angstroms) layer of sili-
con dioxide (glass). This layer of glass
effectively insulates the gate from the
substrate, in essence, forming a capaci-
tor whose plates are the gate and sub-
strate and whose dielectric is the layer of
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SiO, between the gate and substrate .

The strength of the electrical field that
can rupture the SiO: layer is about 100
volts, at which point, a “punchthrough”
can occur (Fig. 2.) Such a punchthrough
catastrophically destroys the MOS de-
vice permanently.

Most MOS devices have an input re-
sistance on the order of 1014 ohms. Us-
ing this figure, it can be seen that a cur-
rent of about 10-12 ampere (10 pA) can
generate a 100-volt potential that can

DRAIN
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Fig. 1. Typical MOS device
showing the insulated gate.

HOW TO
HANDLE MOS
DEVICES
WITHOUT
DESTROY I NG
THEM

The life span of many MOS
devices depends on what
happens between the time of
purchase and installation.

BY LESLIE SOLOMON,. Technical Editor

break through the layer of glass and de-
stroy the device. Some semiconductor
manufacturers protect their MOS de-
vices with a variety of circuits, the built-in
zener-diode-resistance method being
the most common.

The schematic representation of a
typical “protected” MOS device is
shown in Fig. 3. Note the built-in zener
diode that identifies this as a protected
device. The “source,” “gate,” and
“drain” electrodes are the equivalent of
the “emitter,” “base,” and *“collector”
electrodes of the typical bipolar transis-
tor. (The “substrate” lead of the device
is usually connected to the source lead.)

In most cases, the zener diode that
protects the MOS device conducts at
about 50 volts. However, selection of the
“substrate resistance” can present a
problem. This resistance must be great
enough to limit current flow to prevent
destruction of the zener diode, but it
must not be so high that the sum of the
voltage drop across the zener-resist-
ance combination exceeds the break-
down voltage of the SiO: layer. Manu-
facturers are making improvements in
their protective schemes, but as of this
writing, there is still no such thing as
complete protection.
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Fig. 2. Magnified (4300X) view of a cell-destroying punchthrough
that has catastrophically destroyed the semiconductor device.

Static Charges. High-voltage static
charges are generated whenever there
is motion between certain types of mate-
rials. A partial listing of typical genera-
tors of this “triboelectricity” is given in
the table.

ELECTROSTATIC CHARGE
GENERATORS
Workbench Covering

Any plastic (except conducting)

Finished wood

Most synthetics

Ungrounded metal

Glass
Floors

Any plastic (except conducting)

Waxed surfaces

Most carpeting
Chairs

Fibergiass

Plastic (except conducting)

Fabric covered

Ungrounded metal

Finished wood
Tools

Plastic nonconductive solder suckers
Clothing

Wool, silk, synthetics, furs
Packaging Materials

Everything nonconducting
"~

We are all familiar with the consider-
able spark that can be generated as we
reach for a doorknob or light switch after
walking across the carpeted floor. Walk-
ing on a carpeted floor, sliding into or out

68

of a chair or car seat, or even brushing
across the surface of a workbench or ta-
ble can build up a high static potential.
Even the seemingly innocent acts of
combing our hair and opening the wrap-
per on a pack of cigarettes or candy can
generate a tremendously high static po-
tential.

To understand how this happens, you
must visualize yourself as part of a ca-
pacitor. You are one plate of the capaci-
tor, the insulating soles of your shoes
are the dielectric, and the ground or floor
is the other electrode. Typical human
capacitance values can range from 80 to
140 pF. Because the spark generated
when this “capacitor” is discharged is a
function of the energy stored in the ca-
pacitor (CV?%/2), body capacitance plays
an important role when it comes to han-
dling MOS devices. Measurements
have revealed that the electrostatic po-
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Fig. 3. The protection of a MOS
‘device is usually 100 volts.

tential can reach between 2000 an¢
4000 voits.

Note clothing, floor coverings, and fur-
niture are not the only static-electricity
generators. So are many of the usual
materials used in packaging and trans-
porting static-sensitive semiconductors
and, in many cases, fully populated
printed circuit board assemblies.

You can demonstrate the generation
of a high static potential generator by us-
ing a simple desk tape dispenser and an
NE-2 neon lamp. Hold the lamp close to
the tape as you rapidly peel about 18"
(45.7 cm) of tape from the roll. In dim
lighting, you will note that the lamp
flashes as the tape rapidly peels off.
Now, drop the lamp into a polyethylene
bag and rub the bag against a sweater in
a darkened room. Again, the lamp will
flash. Peel the tape off about an inch or
so above a loaded ashtray and note the
results. Keep in mind that it takes about
4kV to lift the ashes one inch.

One would expect that the tools we
normally use in electronics are “safe” to
use on MOS devices. This is far from
true. One dangerous tool to use around
MOS devices is the plastic solder suck-
er. The sudden rapid movement of the
plastic piston in the housing sleeve of
the sucker can generate a very high
static potential. Another tool is the sol-
dering iron. Unless it is grounded at the
tip, the iron can be a dangerous static
carrier.

After looking over the list given in the
table, you may be wondering if there is
anything you can do to assure safe han-
diing and installation of MOS devices.
Rest assured that there is and that we
will be dealing with this particular subject
later in this article.

The destruction of a MOS device re-
sults from the rapid discharge of static
electricity across the elements within the
device, usually with sufficient energy to
rupture the SiO2 layer. Carefully note
that this is not the voltage to ground; it is
the potential difference between the de-
vice's pins that does the damage. Elimi-
nate the potential difference and you
eliminate the damaging charge. Note
also that no matter how high the static
potential you build up by shuffling your
feet on a dry carpet, you cannot “zap”
one hand with the other—because there
is no potential difference.

The problem with MOS devices oc-
curs when the device's pins are placed
between two points that have a high po-
tential—usually static—difference. This
is why many construction articles advise
you to place one hand on the copper
traces of the printed circuit board when

POPULAR ELECTRONICS



IONIZING
AIR BLOWER

bench top

bench top
grounding clamp

conductive ribbon
interconnecting the
bench top with the
fioor mat

Fig. 4. Thisis a
fully protected work
station that includes
an tonizing air blower.
(Photo courtesy 8M Co.)

installing MOS IC’s. This equalizes the
potential difference. Such articles also
tell you to handle the IC’s only by their
cases—not by their pins.

By touching the copper traces on the
pc board when you install MOS devices
in a circuit, you bridge conductors with a
resistance that eliminates possible po-
tential differences and discharges the
human capacitor. It is even better to
bridge pc board copper traces with a
conductor that is better than human skin
because skin resistance can be rather
high in many cases.

Avoiding the Problem. If you plan to
work with MOS devices, here are some
things YOU SHOULD NOT DO:

Man and workbench are at
zero static voltage potential.
There is no charge present to
cause a spark.

floor mat grounding clamp

conductive ribbon

= ground

conductive boots
or heel grounding
protectors

conductive stool seat cover

conductive floor mat

e Insert MOS devices into any plastic
containers or carriers unless they are of
the conducting types.

e Place MOS devices or pc board as-
semblies on which they are installed in
ordinary plastic bags.

e Hand a MOS device to another person
who is not antistatic protected.

o Attempt to test a MOS device with a
multimeter, even those with “low-power-
ohms” functions.

e Wear nylon or other synthetic clothing.
Wear clothing made from cotton or cot-
ton blend fabrics.

e Remove jackets, sweaters, etc., near
a MOS device. (Remember the experi-
ment with the tape dispenser.)

e Handle MOS devices by their pins.

GROUNDING AND SHOCKHAZARD

Faulty electronic equipment that is not
properly grounded can killl This is the reason
most modern electrically powered appliances
and equipment are fitted with three-conductor
power cords. One pair of conductors in the
cord supplies the actual working power from
the ac outlet, while the third conductor (usual-
ly color-coded green) should be connected
between the metal chassis of the appliance
or equipment and a good earth ground.

When installing IC's and other components
in a circuit, many professionals recommend
that you connect your body and the tip of your
soldering iron to earth ground through a mini-
mum resistance of 200,000 ohms. The resis-
tor value is selected so that, in the event of an
accidental short circuit, the current flow that
does the actual damage is limited to 0.2 mA
or less, which is considered to be a safe level.
A current flow of this magnitude can barely be
discerned. Listed below are the effects of

electrical current passing through the body
from arm to arm. The measurements were
made at 60 Hz.

Current Effect
0to0.5mA Little or no sensation
0.5to0 1 mA Tingling sensation
1to 5 mA Mild pain
5to 10 mA Severe pain
Over 10 mA Muscles contract
100mAto2A  Ventricular fibrilla-
tion; lethal
Over2 A Lethal if sustained;

momentary contact
produces burns and

physiological shock
but good chance of
recovery.

The above currents and effects are for a typ-
ical human being in good health. Except for
the last, all effects given are for sustained con-
tact with the current.
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e Slide MOS devices across a surface.

e Handle Styrofoam or other plastic hot-
or cold-drink cups, open cigarettes or
candy packages with “cellophane”
wrappers, or use plastic combs or any
other item that is either plastic or
wrapped in plastic.

e Use plastic solder suckers on or near
the pins of MOS devices.

e One thing that most people never con-
sider when working with MOS devices is
the humidity of the working environment.
The air in a very low-humidity environ-
ment is dry and has a very high re-
sistance. Arid air will not discharge the
static electricity as fast as moister air. Be
particularly on your guard during the
low-humidity winter months. Try to work
in an environment where the relative hu-
midity is between 30% and 50%.

Now here are some things you should
do. MOS devices generally recommend
that you wear some type of conductive
wrist strap that is connected through a
relatively high resistance to earth
ground. This is usually followed with the
instruction to similarly ground the tip of
your soldering iron, tools, and test in-
struments that might come into contact
with MOS devices both before and after
they are installed in a circuit. If you heed
these precautions and are working at a
metal workbench or table, protect your-
self from accidental shock (the protec-
tion of the MOS device is secondary
here). Never connect your metal work
station directly to ground; there shouid
always be a minimum of 200,000 ohms
between your skin and actual ground in
case a fauity appliance power line or
chassis has leakage to ground in excess
of 0.5 mA. '

Although the above precautions are
one way in which you can protect your
MOS devices from being zapped, it is
important that you bear in mind that it is
not the potential to ground that presents
the hazard to the devices but the voltage
difference that is the culprit. Therefore,
all that must be done is to find some way
to equalize the possible potential imbal-
ance and thus eliminate the hazard.

Fortunately, there is another solution
to the problem. This involves the use of
antistatic (conductive) plastics. The RC-
AS1200 conductive “pink” plastic from
Richmond Division of Pak-Well and
“Kimcel” from Kimberly-Clark are im-
pregnated with a special noncorrosive
organic antistatic liquid that migrates to
all surfaces of the material. “Velostat”
from 3M Company is a conductive plas-
tic that has a medium resistance per
square inch. Of course, we are all famil-
iar with the black conductive plastic
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Needle in the
hi-fi haystack

Even we were astounded at how
difficult it is to find an adequate
other-brand replacement stylus fora
Shure cartridge. We recently
purchased 241 random styli that were
not manufactured by Shure, but were
being sold as replacements for our
cartridges. Only ONE of these 241
styli could pass the same basic
production line performance tests
that ALL genuine Shure styli must
pass. But don’t simply accept what
wesay here. Send for the documented
test results we've compiled for you in
data booklet # AL548. Insist on a
genuine Shure stylus so that your
cartridge will retain its original
performance capability—and at the
same time protect your records.

Shure Brothers Inc.
222 Hartrey Ave., Evanston, 11, 60204

In Canada: A.C. Simmonds & Sons Limited

HERNEE

Manufacturers of high fidelitv components,
miicrophones, sound svstems and related circuitry.
CIRCLE NO. 52 ON FREE INFORMATION CARD

foam blocks used as carriers for MOS
devices during shipping.

These antistatic plastics, with the ex-
ception of the last item, come in all
forms—from film bags to heavy sheets
to semirigid tubing. They can be used in
sheet form for workbench tops, as a
floor mat around the work station, and
with a wrist strap and soldering-iron at-
tachment.

The antistatic bags can be used to
store static-sensitive semiconductors.
You should have some distinctly la-
belled antistatic bags for storing semi-
conductors and completed MOS board
assemblies.

Protected Workbench. A typical
commercial work station that is fully pro-
tected is shown in the lead photo. Here,
the technician is wearing a conductive
plastic apron, is sitting on a conductive
seat cover, and has her feet on a con-
ductive floor mat. The top of the work-
bench is covered with a sheet of con-
ductive plastic, and a conductive-plastic
strap is attached to her bare wrist. A
somewhat similarly protected work sta-
tion is shown in Fig. 4. Here, the station
is equipped with an optional ionizing air
blower. In both cases, the entire work
area, including the technicians, are at
the same potential. And since there are
no voltage differences, there can be no
damaging static discharges that can de-
stroy MOS devices.

If you wish ta protect your work station
as described here, you can obtain con-
ductive plastic by contacting your local
representative of 3M Nuclear Products
(3M Center, St. Paul, MN 55101); Rich-
mond Division of Pak-Well (P.O. Box
1129, Redlands, CA 92373); or Kimber-
ly-Clark Corp. (Interior Packaging Dept.,
Neenah, WI| 54956). As an aid to Popu-
LAR ELECTRONICS readers, a hobby
workbench setup consisting of a 20" x
12" (50 x 30 cm) Velostat working sur-
face, wrist band with connecting strap,
and an assortment of antistatic storage
bags (including some large enough to
accommodate large hobby-type com-
puter boards) is available for $14.95
from Associated Electronics, 1885 W.
Commonwealth, Unit G, Fullerton, CA
92663.

In Conclusion. Though MOS devices
are very sensitive to destructive dis-
charges, you can take positive steps to
greatly reduce or completely eliminate
the problem at its source. By thoroughly
protecting your workstation against stat-
ic hazards, you can work in complete
safety with any MOS device. <o
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GORDLESS
SOLDERING IRON...
GOES ANYWHERE

Weller's WC-100 . . . the professional
quality, feather-light cordless. Lets you
make connections anywhere. Without
AC cord and outlet. N

Fingertip touch on exclusive sliding
safety switch activates long-life, nickel-
cadmium battery. Heats tip to over
700°F in 6 sec. Locks in "off” position
to prevent accidental discharge in use
or while restoring energy with fast-
power recharger (UL listed).

Simple, instant change to any of 4
tips...forany job. Built-inlight focuses
on tip and work area. i

Get this! It's at your dealer or dis-
tributor now...waiting for you. Need
more info first? Request literature.

Weller-Xcelitg .
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By Michel Fontaine, Bystat Inc.

ESD will happen at every level of
manufacturing, from the wafer fabrica-
tion to the user. The problem requires
industry wide attention and the estab-
lishment of industry standards.

This reflects significant losses by
several major firms in the electronic
industries. These damages will have
different configurations. The most
common are:

® Intermittent or transient failure
(ghost bite, malfunction)
® Breakdown—usually happens af-
ter direct contact of the IC with a
high voltage static charge
@ Latent failure occuring via degra-
dation of the devices over a period
of time. This suggests that a device
subjected to repeated exposure to
static charges less than that which
could cause a direct failure for cu-
mulative damage.

Yes, static electricity is expensive, if
you do nothing . . .

There is no doubt that the more
advanced your product in its produc-
tion cycle, the more expensive it be-
comes to have ESD related failures.

Now that we know that it's happen-
ing, how do we justify the investment to
the management? The only way to be
sure is to determine your cost for a
certain period of time (rework, field
service and reject) and to compare the
same test 6 months after the program
is implemented; 6 months should be a
minimum, you should allow more if you
start a ESD program from scratch.

Next are resumés of case histories
of different companies who performed
the before and after calculations.

Case History |: Computer
manufacturer

This particular company isolated
one department and used it as a
“static lab."" Their justification for insti-
tuting an improved ESD protection pro-
gram was based on actual ECL inte-
grated circuit failures due to ESD in-
duced electrical overstress. Although
other device families have been noted
to display similar failure mechanisms in

The magic of static

the past, they were not included in the
study, neither were problems experi-
enced at computer installations rela-
tive to magnetic tape problems, and
frame discharges causing noise inter-
rupts also were not addressed.

After establishing the importance of
ESD, they conducted a first general
survey. The following are some of the
most significant findings:

® Generally, no protection system
was utilized by personnel handling
components or assemblies eg. no
wrist straps were used.
@ Non-conductive static generating
materials were commonly used in
the work centres.
® Static protected work stations
were few in number and most of
them were not properly installed
and maintained.
® Assembly protection was given
only to MOS memory assemblies,
and even there, some failures oc-
cured.
The failure mechanism was dis-
covered in a variety of device types
and in a large guantity of part num-
bers. All areas were reporting inci-
dents of ESD failures.
® The cost factors showed that as
the product moved through the
manufacturing cycle, the failure
cost increased exponentially; this
generally agrees with industry ob-
servations.

Product selection

A special task force was put to-
gether to develop the ESD protection
program. All manufacturing divisions
were directed to implement this pro-
gram within the guidelines of the speci-
fication developed. Wherever pos-
sible, static protective materials would
be purchased through coordinated
procurement efforts to gain the best
cost advantage. The following prod-
ucts were selected.

A) Grounded wrist straps

B) Conductive table tops

C) Static protective bags

D) Topical anti-stat treatment
E) Static protective smocks
F) Conductive tile

Anti-static and
Ghemicals-in-
electronics

This supplement to the CEE Novem-
ber 1985 issue is a file-for-reference
section, conceived as a file for these
two important, but not generally widely
known about areas in electronics.

There's data on the hidden prob-
lems of electrostatic breakdowns;
data on chemicals relating to printed
circuit board manufacture, and on
chemicals relating to manufactured
items. Most of the significant compa-
nies, in Canada, in these areas, have
contributed to this supplement.

If you're a buyer, specifier, end-user
or an engineer in any electronics pro-
duction or service facility, you will find
this insert a valuable reference
source. CEE
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Result Summary

The ESD protection program has

been in place for approximately two
years. A constant upgrading of the
system is still underway. Prior to the
implementation of this program, the
overall percent defective in the 10K
ECL family was measured at .134%
defective. The data base from which
this information was obtained was over
the total usage of this device family
measured at the system test level.
A measurement was made again after
basic ESD controls were put in place.
The recent data over this period of
time is placed at .055% or an improve-
ment of .079%. This shows a reduction
of 58% of 10K ECL defect. It has been
observed that a significant amount of
this failure reduction is due to the ab-
sence of ESD damage. Several de-
vices actually show an increase in per-
cent defective. Investigation into this
failure showed factors other than ESD
to be responsible for the failures.

Case History ll: Defence
contractor

A review of all EOQS failures on a
manufacturing line (covering a four
year period) was conducted using fail-
ure analysis techniques. MOS Op
Amps and C-MOS NAND gates were
selected to evaluate the magnitude of
the ESD problem.

'E\lle/ Peter Green,

arket Supervisor, Electronics and
Static Control,

3M Canada Inc.

Lightning never strikes twice in the
same spot? Not so, according to the
experience of the electronics industry,
where it is well known that static dam-
age can occur many times in a manu-
facturing environment,

Static discharges are random and
insidious, being not always easy to de-
tect. As a result, industries have taken
the approach that prevention is better
than cure, have a more reliable, higher
qguality product than they produced
previously. Using good static control
materials and educating employees in

As the severity of the ESD related
failure became apparent and the costs
were tabulated it was realized that this
company was facing costs approach-
ing $2 million per year. Their conclu-
sion was that if the ESD control pro-
gram was not implemented, continuing
operating costs would become prohib-
itive.

When this manufacturer calculated
the ESD failure cost, unexpected items
were included, some of which were pa-
perwork associated with research,
laboratory and technical reports, man-
hours incurred by corrective action,
failure diagnosis, the actual removal of
the failed device, the cost of the failed
part and overhead cost related to such
activities.

The total cost of the above in 1979
was $4,500 per failure. In 1979 they
incurred 68 failures plus 332 additional
failures due to ESD. This yielded a total
failure costs of $1,800,000 in 1979,
These amounts reflect the manufactur-
ers estimated failure cost given their
involvement in highly sophisticated
programs.

The foliowing costs reflect the basic
investment in their ESD program.

To this total an operating upkeep cost
was calculated based on replacement
cost of damaged wrist straps, table
mats and ionizers. New manufacturing
and product assurance personnel

their use has allowed these companies
to take significant strides in improving
their products quality. On the other
hand, failure to recognize and imple-
ment similar procedures could result in
lack of competitiveness and subse-
quent failure in the marketplace.

The business of quality

Nowhere is there a business and
industry sector that prides itself on be-
ing more forward-thinking and techno-
logically advanced than the electronics
industry in Canada, and quality is a
major consideration. The philosophies
of Crosbie and Juran are becoming
corporate policy in companies like 3M,
Burroughs, Motorola, ITT and others,

Bench top materials $48,000
Tote boxes $21,000
Wrist/heel straps $4,000
Conductive fiooring $100,000
Guide-line documentation $2,000
ESD awareness training $2,400
ESD audit procedure $5,000
lonized air blowers $2,700
Total: $185,000
Upkeep of wrist/foot strap, etc. $20,000
Training course (2 hrs x 100) $4,000
Auditing $5,000
Residual of ESD failures $16,000
Total: $45,000

were required to take improved ESD
awareness training. The cost of yearly
ESD procedure failures (after they
were implemented) were added to the
total.

ESD cost avoidance saving: $1.8 mil-
lion, less $230,000, or $1.57 million.

When this problem was presented
to management, the most important
topic was cost saving. This is where
the corporate pocketbook obtains the
benefits. The avoidance cost saving
includes the upkeep maintenance
costs.

If you consider that every dollar
sales increase will give you profit, and
every dollar saved in cost will give you
52¢ profit, on the first year this com-
pany had a 872% return on their in-
vestment.

Static control is a quality process

and best-selling books and video
tapes on the subject of quality im-
provement abound. Static control is a
natural complement to this quality em-
phasis, and it should become as much
a way of handling sensitive electronic
components as quality improvement is
becoming a way of life.

The basics of electrostatic dis-
charge (ESD) are simple. Three forms
of static charges exists. Triboelectric
charges are derived from contact or
separation of materials, commonly
known as frictional charges. Damage
can also be caused by inducing a volt-
age field from a charged object, or by
direct discharge when contact is made
between charged and uncharged ob-
jects.
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The basics of all static control pro-
cedures are equally simple: handle all
static sensitive components in static-
safe guarded work areas; transport all
static sensitive components in static
shielding containers or carriers, and
ensure that all suppliers of static sensi-
tive components use static shielding
packaging and shipping. It is not
enough, however, to simply purchase
conductive or anti-static materials and
then expect the production or service
departments to conform to adequate
ESD requirements. The variety and ca-
pabilities of available materials is ever-
expanding. Compatibility of one mate-
rial with another must be a considera-
tion.

To carry out an effective program,
everyone involved must know what the
materials are for, and someone should
be assigned the responsibility of en-
suring implementation and proper use.
A parallel program to test static control
products and measure their effective-
ness in providing static prevention also
is necessary. Without education and
evaluation, how do you know you have
an adequate static control process?
Or, do you just hope you have?

Using the example of the "Quality
Improvement’’ process, it may be seen
that more and more inspection will not
improve product performance. Rather,
it will only add what are called ap-
praisal costs, (see table). It is far more
realistic, then, to improve product per-
formance and reliability (thus
price/value to the customer) by using
a preventative approach. Holding
down the cost of bad product by stop-
ping errors and faults from occuring is
the reality of the prevention technique,
(see table).

Once it has been decided that doing
things right the first time will produce
maximum benefits for the company, it
becomes quite obvious that ESD pre-
cautions are part of this process. Man-

Conventional Wisdom
“Appraisal”

Total Cost

agement must approve and demon-
strate a solid committment to the pro-
cedures and policies that will allow an
adequate preventative static control
system to be put in place.

Tools and knowledge to do the job
properly are critical. Equipment and
materials must be capable of working
together in a cohesive manner. An
understanding of the ‘why’ and ‘how’
must be learned by everyone involved
so the procedures become natural.
Systems and materials must be tested
regularly to ensure they still provide
adequate static protection, and re-
sponsibilities should be assigned to al-
low monitoring of the system.

Finally, all departments of a com-
pany must be involved. From shipping
and receiving, throughout assembly to
field service, all must be part of the
static control, and thus the quality im-
provement, process.

Interdependence a reality

Any company or person cannot be
expected to achieve this by them-
selves. It is probably not an overstate-
ment to say that no one company or
individual knows all there is to know
about either static control systems,
manufacturing techniques, field service
problems or a host of other areas of
expertise that impact this process.
There are, however, many experts
who specialize in these fields.

As already stated, ongoing educa-
tion and evaluation is important and
necessary. In the electronics industry,
technology is advancing daily. Very
soon, for example, semiconductor
manufacturers will be producing com-
plex devices in large numbers that are
based on gallium arsenide technology.
It is already known that these circuits
will be far more sensitive to ESD than
current silicon-based components.

And, in fact, the development and
production of static control materials
and procedures to handle far smaller
levels of static electricity are underway
now to ensure that adequate capability
exists to handle these new micro elec-
tronic products.

Re-auditing production assembly
areas and field service reguirements
are a very important part of an ESD
process. This is best handled by a
competent analyst that understands
the products and processes involved.
If your company is large enough to
warrant a full-time ESD co-ordinator,
then that person may wish to consult
with a representative of the manufac-
turer of the static control materials

used.

A significant portion of the elec-
tronic industry in Canada is made up of
companies who are not manufactur-
ers, but do service and repair the
equipment they sell. Still others are
members of the independent service
industry. In both cases, the same crite-
ria for handling circuit boards and their
static sensitive components applies—
with the same end results if safeguards
are not applied. In this regard, the fact
that people in this segment of the in-
dustry are closer to the end user mar-
ket makes them more sensitive to the
costs involved in not doing things right
the first time. Employing preventative
measures for service and repair is nor-
mal procedure. If ESD precautions are
added to this process, the net result is
a more productive and profitable or-
ganization.

Quality is forever

The 3M Company has implemented
a guality improvement process global-
ly. Many others employ similar meth-
ods throughout their organizations.
The emphasis is defect prevention ori-
ented—rather than defect detection
oriented. Just as attention to and
understanding the need for static con-
trol procedure in electronic servicing
and assembly environments are es-
sential, so the committment to improv-
ing the quality of the workplace and the
environment is an ongoing process.

A competent ESD safeguard system
must not become a program, for pro-
grams have a beginning and an end.
must become a process that needs
monitoring, measuring, reauditing, re-
vising and most especially, utilizing to
it's complete extent. Static control pro-
cedures are an integral part of a pro-
cess that will contribute to worker pro-
ductivity, product improvement and re-

liability. [CEg]

Reality
“Prevention”

Prevention
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Starters and maintainers
in a static control program

By Peter Davidson, Arbell Inc.

Any program that is to be effective
must begin at the incoming inspection
of components right through the manu-
facturing and final assembly pro-
cesses to field service. Again, the
complete appreciation of ESD and its
effects makes this overall program
mandatory especially in today’s mar-
ketplace of extremely sensitive semi-
conductors.

It is impossible to eliminate all gener-
ators of electrostatic charge. Control,
therefore, is necessary. The first step
of any control program should be a
survey with an electrostatic locating
meter such as the ACL 300. Floors,
personnel, equipment, tote boxes, etc.
should all be monitored to determine
the main sources. Once this is done

the ESD control program can begin.
This could include the use of the topi-
cal antistats, conductive acrylic floor
waxes, conductive mats and tiles,
static dissipative worksurfaces, con-
ductive toteboxes, and ionizers. Two
products which should be given careful
consideration as part of the program
are topical antistats and conductive
acrylic floor waxes.

Topical antistats

Aithough for some time no one truly
understood their functions, their poten-
tial contamination, or how long they
would last in a given application, Topi-
cals have evolved and grown to very
sophisticated levels of functions and
performance. Topical Antistats are
generally liquids which when applied to
a surface or material renders it static
controlled. They usually consist of two
basic components one being the car-
rier (solvent, water, alcohol, or other

Static Electricity Threatens
m

solvents) and the antistat mechanism.

Overall, topicals are designed to
minimize charging and dissipate a gen-
erated charge before it becomes a de-
structive or objectional factor. They
normally furiction in three ways in order
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to provide maximum performance.
First they reduce material coefficient of
friction; second, they increase surface
conductivity; and third, they interact
with environmental factors to dissipate
generated charges.

One such Topical manufactured by
ACL Inc. is Staticide. This product
which has been internationally ap-
proved can effectively eliminate all
static buildup on the surfaces treated.
Ease of application and the longevity
of each application make this Topical
a very practical and economic one as
part of the ESD control program. Even
more important however is the fact
that the Staticide mechanism is effec-
tive in an environment with less than
15% relative humidity.

Conductive acrylic floor
waxes

These are faily new on the market
and function in a similar manner to
Topical Antistats. The biggest differ-
ence however is that the mechanismis
either in solution with the floor wax or in
some cases chemically bonded to the
wax. The use of conductive waxes will
increase the wear life of the areas
treated per application without loss of
conductivity.

One such product is the new ACL
Staticide Acrylic. ACL has developed a
unique formulation of cross-linked con-
ductive chains which provide high per-
formance static control. The only way
the treated surface will ever become
non conductive is by physically re-
moving the Staticide Acrylic.

Many ESD committees have con-
cluded that products such as conduc-
tive floor tiles, conductive mats, con-
ductive chairs, etc. must be used to
combat their ESD problems. However,
these products can take some time
before final installation. Therefore, top-
ical antistats are originally used for the
interim period. The interesting fact
however is that the results of using top-
ical antistats is so impressive that they
become part of the overall control pro-
gram and in some cases some of the
above mentioned products are never
used.

High performance topical antistats
can readily perform on any material
against the toughest electrostatic de-
cay standards. They are inexpensive,
easy to use and safe for personnel and
the environment. Before purchasing
any conductive products it is sug-

An organization that has
several years in the static
control market describes
policies for implementation
that stand the tests of
efficacy and time

The first and foremost step in any
static control program must be a com-
plete and sincere commitment from
senior management. There is not much
sense in proceeding with a static con-
trol program if management is not con-
vinced of the dangers of static damage
and if management is not prepared to
authorize the appropriate capital ex-
penditure. Obtaining the commitment
from senior management may be eas-
ier said than done, it usually requires at
the very least a general awareness
program to educate the appropriate
people. In addition it usually requires
providing proof that static is indeed the
cause of existing failures, which re-
quires some exacting work.

Program implementation

Once the company is committed to
implementing a static program it is
quite important that someone within
the organization has the responsibility
of spearheading the entire program.
Depending upon the size of this organi-
zation, it could be an individual, or a
group of individuals. The responsibility
must be clearly defined and must have
teeth. The terms of reference must
state the objectives of the static con-
trol program to be put in place; how
the program is going to be defined and
how the program is going to be evalu-
ated. By having one individual or a
team of individuals responsible the en-
tire organization will be working to-
gether. At this point we have a commit-
ment from management and we have
one individual or a team of individuals
with a detailed mandate. The next step
is to identify the static controt products
and equipment needed for the pro-
gram.

In order to do this we suggest that
the first step is to analyze the type of

A supplier recommends

grated circuits are not susceptable to
the same levels of electrostatic dis-
charge. Some devices are much more
susceptable than others and this fact
can have a significant impact on the
methods to protect from static dam-
age. It is also important to assess how
the sensitive components are being
handled, for example are the inte-
grated circuits being handled only in
protective containers, or are they be-
ing handled by the human hand? Are
the sensitive components being han-
dled at the component level or the
printed circuit board level or as individ-
ual devices. This information is very
pertinent as to the types of static con-
trol measures to be taken.

Analyze environment

It is also necessary to analyze the
existing environment within the various
areas of the company. For example,
the humidity level has a very significant
impact on the levels of electrostatic
discharge and a measurement of
static fields in the plant may reveal low
electrostatic field strengths when the
humidity levels are high. Often humidity
levels are high at a certain season of
the year. It is probable that if the same
humidity measurements are made six
months later, for example during the
middle of the winter when the humidity
levels are low, then static field
strengths will be multiples higher. An
important factor in a plant is the num-
ber of operators and whether they are
stationary or mobile also the number of
work stations in use. All of these items
are important environmental consider-
ations for the needs of static control
products.

Records . . . records!

It is quite possible that a company
will have a partial static control pro-
gram in place and clearly this must be
taken into consideration. It is recom-
mended that during this identification
phase the rejection rates for all perti-
nent areas are recorded. This will pro-
vide a starting point from which the
static control program once imple-

gested that topical antistats be | devices being used and the location mented can be evaluated. It is impor-
used. [CEE] | where they are being used. All inte- tantto survey with a good field scanner
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the strength of static fields at stations
where sensitive components are being
handled, this will help determine what
level of protection is required. At the
conclusion of such a complete survey
the following important information
should be available; types of devices
being used in different areas, identifi-
cation of the existing environment of
the company, the rejection rates in the
appropriate areas and the levels of
static field strengths in those areas. It
will now be possible to define the prod-
ucts required. The approximate cost to
procure those products can now be
estimated and the education and
training needed to bring the entire pro-
gram up to steam can commence.

Involve your supplier

At this point some companies select
a team of individuals to implement the
static control program. We highly
agree with this approach as there is
usually no better person to educate
and train the operators than the direct
supervisor of a particular area. If the
identification of the needs have been
done in a complete and thorough man-
ner the installation of the system
should be a relatively straight forward
procedure. However, this does not di-
minish its importance. A static control
program s only as good asits weakest
link and static control products will only
work if they are used effectively.

We recommend that companies uti-
lize the expertise of their suppliers
when installing the static control prod-
ucts. We also recommend involvement
of all the users of the static control
products within the company.

Maintenance

All products in use have a life span
and can eventually break down. A mal-
functioning wrist strap, a torn static
bag, or dirty dissipative table top mate-
rial can all defeat the purpose of imple-
menting a good program. The problem
here is that the people involved may be
suffering from a false sense of securi-
ty, as they may not know the products
they are using are not working cor-
rectly and that static damage will oc-
cur. All static control products must be
maintained and tested on a regular ba-
sis. All first class static control pro-
grams have a written procedure for
auditing, testing and maintaining the
products in use.

The bottom line

These recommendations are in-
tended as a guide for companies that
are going to put in a sound static con-
trol system. There are obviously many
approaches to controlling electrostatic
discharge and this is just one ap-
proach. It is an approach however,
that we have noted to be effective at
many plant facilities and an approach
which we feel is cost effective and
static control effective. We cannot

stress more strongly than to say that a
good system is only as good as its
weakest link. Many is the time we have
seen a good system in place in the
production areas, and in the test areas
but nothing in place in the receiving
areas and the shipping area.

A final thought can be, what is the
cost of doing nothing! CEE

BEAT

The SCS Static-Shielding Bag offers
DOUBLE PROTECTION

For superior protection, turn to the SCS Static-
Shielding Bag. Its proven construction offers complete
protection from electrostatic discharge and will not
produce an electrostatic sparking effect which may
damage nearby devices.

SCS

Static Control

Systems of (Canada Ltd

2305 Francis Hughes, Chomedey, Quebec, Canada H7S 1N5
Tel.: (514) 668-0821 Telex: 055-61205

Reader Service Card Number 214
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STATIC

static

Containers are a must for
the protection from ESD of
product in transit or
storage. The plastic is
conductive; and the
specific material can affect
performance.

By J.R. (Jim) Butler,
General Manager,
Buckhorn Material Handling

Electronic component manufactur-
ers and assemblers are increasingly
using conductive plastic containers to
reduce the destructive effects of elec-
trostatic discharge on sensitive parts.
Conductive containers help protect the
contents from hidden damage and
component degradation by static elec-
tricity. Conductive containers are also
being used for shipping and storage
containers for finished electronic prod-
ucts.

Static electricity is the
enemy

Static charges are generated in
most material that moves and can be-
come very large in nonconductive ma-
terials, since there is no way for the
charges to dissipate. When objects
that have different charges come
within close proximity, electrical cur-
rent passes between (and through)
them.

Without protective measures, ordi-
nary handling of parts often produces
static potentials of thousands of volts
(even though the small currents are not
usually felt). Some metal oxide semi-
conductor components can be de-
stroyed or degraded by the discharge
of as little as 50 volts. As higher-den-
sity integrated circuits are developed,
the risk of ESD damage increases due
to the decreasing size of semiconduc-

—
Gonductive containers protect from

Static protective boxes are much in evidence here

tor junctions. Even finished products,
particularly portable, battery-operated
devices, such as calculators, comput-
ers and gauges, can be subject to ESD
damage.

Containers made of untreated plas-
tics have been recognized as a source
of many production and gquality control
problems in the electronics industry.
However, plastics can be impregnated
with a conductive material, such as
carbon, as to allow a clear path to
ground charges, allowing them to leak

‘off harmiessly. Unlike metal, such con-

ductive plastic won’t arc or short out
electrical devices contacted acciden-
tally, but will dissipate a static charge
fast enough to protect sensitive MOS
components.

Antistatic fluids can also be applied
to plastics to allow surface charges to
spread and diffuse, providing some
protection in certain applications. But
for material handling in production en-
vironments, impregnated conductive
materials offer better protection by

shielding against induced static fields,
dissipating surface charges
throughout the material, not just
across the surface and retaining their
conductive integrity in spite of re-
peated handling and use.

The amount of conductivity can vary
from product to product. According to
Ray Gargarella of Buckhorn those sold
as "'antistatic’’ have a surface resistiv-
ity of about 10'' ohms per sqguare
while the “‘conductive’” may be as low
as 10% ohms per square. Buckhorn
makes tote boxes, bins and other con-
tainers by an injection moulding pro-
cess from two different formulations,
each with a different conductivity level
and different measurements of protec-
tion.

Others in the field consider surface
resistivity values of less than 105 ohms
per square (antistatic) to be danger-
ous, since the rate of discharge may
induce secondary charges in nearby
components.

continued on page S14
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STATIC

A summary of the basics,
and definitions for static
electricity

By Michel Fontaine,
Bystat Protection Inc.

Static-Electricity is a stationary elec-
trical charge. Non-conductive and un-
grounded conductive materials have
the ability to take on, and hold, a sta-
tionary electrical charge or potential.
Some common materials acquire a
charge of several thousand volts in
normal handiing.

How do materials become
charged?

Materials acquire a charge in one of
two basic ways, although there are
many different methods to accomplish
these:

1. Contact and separation of two

surfaces provides an interchange of
electrons from one surface to the
other, leaving one surface positively
charged and the other negatively
charged. This is called the triboel-
ectric effect.
2. A charged material has an elec-
tromagnetic field surrounding it. A
conductive material being exposed
to this field can acquire a charge.
This is called polarization.
What makes a material charged?
One of two methods above will
cause a material to have either an
abundance, or deficiency of electrons.
This results in the material being elec-
trically unbalanced, thereby having

Static electricity—the causes

either a positive (deficiency of elec-
trons) or negative (abundance of elec-
trons) charge.

If the charge is stationary, how
can it cause an effect?

Although the charge is stationary it
can effect objects in the following
ways:

1.1t a charged material comes near,
or in contact with, another which
had the capacitance to accept or
donate electrons, an instantaneous
flow of electrons will result. This
flow is called a discharge and usu-
ally takes the form of a spark.

2. A charged material or object has

a stationary electromagnetic field

Poiys
o

P A FABRICATCAS LTD

THE PROTECTIVE PACKAGING EXPERTS

Your products arrive in
THE PINK of condition

in anti-static prtective packaging from Poly Fab

LET US SOLVE YOUR PACKAGING PROBLEMS )

POLY FAB
635 OSTER LANE UNIT KO &
CONCORD, QUTARIC LaK 289
TEL 416 £53-8328

Reader Service Card Number 217
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Ray says "an electrical current al-
ways generates a field around it"
When considering the right container,
it's a trade oft between getting rid of
the charge as quickly as possible (anti-
static) or avoiding secondary charges,
that could create other damage (con-
ductive.)

All conductive containers
are not alike

Selecting a container for your partic-
ular application requires a great deal
of care. Design and materials must be
considered if you are to get the prod-
uct you need and the flexibility of the
container must be kept in mind, due to
the fast changing needs of the elec-
tronics industry.

According to Jim Morrison, Buck-
horn containers are made of a material
having a surface resistivity of 103 to
10% ohms/per square as tested under
ASTM D-257 making the container
more than suitable for electrostatic
dissipation. The fiexible design of the
container line, offers unlimited modular
capabilities for present and future re-
quirements. CEE

CANADIAN ELECTRONICS ENGINEERING NOVEMBER 1985




surrounding it. A conductor moving
through this field, or the field
through it, induces an electric cur-
rent to flow through the conductor.
This is called electromagnetic in-
duction.

3. As stated earlier, a conductive
material in the presence of an elec-
tromagnetic field can acquire a
charge. This is called polarization.
4. When a nearby charged material,
or object, is discharged, the result-
ing spark emits a traveling electro-
magnetic field, which can cause the
effect described in items 2 & 3
above. This is called RF Voltage.

What damage can static cause?
While there are many types of dam-
ages caused by static, they can be

grouped in three categories:

1. Destruction: High voltages and in-
stantaneous flow result in the melting
of metallic oxides, and other compo-
nents.

2. Life degradation: Unplanned current
flow not sufficient for destruction can
cause early device failure. A portion of
the area called infant mortality might
very well be none other than static
damage.

3. Inaccurate operation: Transient in-
duced currents, and polarization, can
affect the design parameters of a de-
vice causing it to function in an unplan-
ned sequence, or not within design tol-
erances.

Definitions
Anti-static material ESD protective ma-

terial having a surface resistivity
greater than 10% but not greater than
1014 ohms per square.

Conductive material ESD protective
material having a surface resistivity of
10% chms per square maximum.
Decay time The time for a static
charge to be reduced to a given per-
cent of the charge's peak voltage.
Electrical and electronic part A part
such as a microcircuit, discrete semi-
conductor, resistor, capacitor, thick or
thin film.

Electrostatic discharge (ESD) A trans-
fer of electrostatic charge between
bodies at different electrostatic poten-
tials caused by direct contact or in-
duced by an electrostatic field.

ESD protective material Material capa-
ble of one or more of the following: lim-

JILYLS

BUILD STATIC CONTROL INTO
PREVENTATIVE MAINTENANCE

Static is costing industry millions of doi-

Check for static with the ACL 300 elec-

For just pennies an application you'll

lars each year. Static attracts dust and
contaminates into the manufacturing pro-
cess causing defective products, produc-
tion interruptions and downtime.

But now there's a way to eliminate static
and increase your operaling efficiency.

trostatic locator. It will alert you to poten-
tial static problems before they occur. if
static is present treat with Staticide liquid
or Staticide Wipes. Use Staticide any-
where — wall to wall, floor to ceiling.

ACL 1000
METER

Measure charge generation on
components created by packaging
or any in-house handling devices.
Use the ACL 1000 Nanocoulomb
Meter to test static potential.

eliminate static, guard against equipment
malfunction and increase productivity.
Complete static control requires Staticide
py ACL.

YOU CAN’T TREAT
STATIC IF YOU
CAN’T SEE IT.

These handy
towelettes clean
CRT screens and
keyboards while
eliminating static
problems and
dust attraction.

| ARBELL nc.

Box 215

Burlington, Ontario L7R 3Y2
Telephone: {(416) 632-9494
Telex: 061-8408

ELINIINAT
STATIC

One application of
Staticide liguid to
floors, chairs and work
surfaces eliminates
static — the major
cause of equipment
downtime — for up to
six months.

LOCATE STATIC WITH
THE ACL 300 METER

This lightweight battery-operated
static locator pinpoints and
measures static quickly and easily.

:

Dealer Inquiries Welcome

Reader Service Card Number 200
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STATIC

iting the generation of static electricity,
rapidly dissipating electrostatic
charges over its surface or volume, or
providing shield from ESD spark dis-
charge or electrostatic fields. ESD pro-
tective materials are classified in ac-
cordance with their surface resistivity
(or alternate conductivity) as conduc-
tive, static dissipative or anti-static.

ESD sensitive (ESDS) items Electrical
and electronic parts, assemblies and
equipment that are sensitive to ESD
voltages of 15,000 volts or less as
determined by the test circuit of figure

1. ESDS itemns are classified as:
A. Class 1: Those sensitive to volt-
ages of 1,000 volts or less;
B. Class 2: Those sensitive to volt-
ages greater than 1,000 volts but
less than or equal to 4,000 volts;
C. Class 3: Those sensitive to volt-
ages greater than 4,000 volts but
less than or equal to 15,000 volts.

Electrostatic field A voltage gradient
between an electrostatically charged
surface and another surface of a dif-
ferent electrostatic potential.

Buckhorn Material Handling Products Inc., 7512 Baih Road, Mississauga, Ontario L4T 1L2 Tel. (416) 678-6545

Presenting the NesTier
Modubox®, the first industrial tote box
to give you a multiple of choices.
Designed as a modular container
system, you can customize the
Modubox to virtually any application.

You begin with the basic
Modubox and three different materials.
High density ogrethylene for most
applications. And for ap?lications
where static control is a factor — anti-
static and conductive plastics. All are
stocked for immediate delivery.

Then add the exclusive Modu-
Ring.™ And snap on 3” of extra
height. So when your components
change, you can change the size
of your fote.

And for circuit boards,
Modubox’s rigid holding system
adjusts precisely in increments of
1/16”, so you size the holder
system to the circuit boards —
exactly.

With the detached lid, your
Modubox doubles as a shipping
container. The lid hooks on, snaps
down and accommodates a securi-
ty tie to give your components
maximum physical and ESD
protection.

Finally, the Modubox is
totally AS/RS compatible with its
flat textured bottom to aid con-
veyability, its identification sur-
faces on’all four sides for bar code
reading, and its reinforced lip for
added strength.

There never has been a box
like Modubox. Because there has
never been one box that gives you
so many choices.

The Modubox. It could be
the last box you'll ever need.

Ground A mass such as earth, a ship
or vehicle hull, capable of supplying or
accepting large electrical charge.
Hard ground A connection to ground
either directly or through a low imped-
ance.

Insulative material Material having sur-
face resistivities greater than 1014
ohms per square.

Protected area An area which is con-
structed and equipped with the neces-
sary ESD protective materials and
equipment to limit ESD voltage below
the sensitivity level of ESDS item han-
dled therein.

Protective handling Handling of ESDS
items in a manner to prevent damage
from ESD.

Soft ground A connection to ground
through an impedance sufficiently high
to limit current flow to safe levels for
personnel (normally 5 milliamperes).
Impedance needed for a soft ground is
dependent upon the voltage levels
which could be contacted by per-
sonnel near the ground.

Static dissipative materials ESD pro-
tective materials having surface resis-
tivities greater than 105 but not greater
than 10® ohms per square.

Surface resistivity (Ps) The surface re-
sistivity is an inverse measure of the
conductivity of a material and equal to
the ratio of the potential gradient to the
current per unit width of the surface,
where the potential gradient is mea-
sured in the direction of current flow in
the material. In another words it is the
resistance to electricity to flow on the
surface of the material.

Note Surface resistivity of a material is
numerically equal to the surface resist-
ance between two electrodes forming
opposite sides of a square. The size of
the square is immaterial. Surface and
volume conductive materials and has
the value of ohms per square.

Volume resistivity (Ps) The volume re-
sistivity is an inverse measure of the
conductivity of a material and is equal
{o the ratio of the potential gradient to
the current density, where the potential
gradient is measured in the direction of
current flow in the material. It is the
resistance to electricity to flow through
the material.

Note In the metric system, volume re-
sistivity of an electrical inculating mate-
rial in ohm-cm is numerically equal to
the volume resistance in ohms be-
tween opposite faces of a 1cm cube of

the material. Volume resistivity in
ohms/m has a value of 0.01 the value
in ohms/cm. CEE

Reader Service Card Number 202
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Dow Chemical Ganada Inc.
focuses on electronics and
telecommunications

The rapidly changing business envi-
ronment in the 1980s has caused most
major companies to shift towards spe-
cialties and has encouraged an align-
ment to whole markets, rather than to
specific products. In keeping with
these developments The Dow Chemi-
cal Company, one of the world's larg-
est chemical and plastic suppliers, has
begun focusing on one of the most

Static in the electronic office

ESD can make computers
sick, and

conductive carpeting can
cure before

the cause Kills.

By Richard Speak,
Director of Manufacturing,
heuga Canada Ltd.

Contrary to that automation chest-
nut ‘computers never get sick’ any of-
fice or production manager knows that
they do—often and expensively. The
problem is that key components of
equipment, like computers and ad-
vanced communication systems, are
highly sensitive to the effects of Electro
Static Discharge (E.S.D.). Whereas the
human components of the electronic
office are usually insensitive to the dis-
charge of less than 3,000 volts, the
ubiquitous micro chip can be damaged
by much lower charges, in some cases
as small as 50 volts.

While the hazard is fully recognized,
the causes and possible solutions are

An enhanced commitment to the
electronics industry

rapidly growing specialty industries—
electronics and telecommunications.
Dow has been a leading supplier to
this burgeoning industry for several
years, although most of its activity has
been concentrated in basic chemicals

Dow’s Carl Lucas, Industry
Development Manager, left, and Senior
Field Sales Representative Larry
Burke, with a static dissipating
Ethafoam® shipping container

continued on page S20

less well appreciated. An understand-
ing of the causes of static is a neces-
sary first step to devising solutions to
the problem of E.S.D.

What Causes Static?

When two dissimilar materials rub
against one another the conditions for
the accumulation of static charges ex-
ists.

How big the accumulated charge
becomes will depend on a number of
factors, such as:

® how long the rubbing contact of

the two materials lasts

® how well insulated the materials

are

@ the relative position of the two

materials in the ‘triboelectric series’

A ‘triboelectric series’ ranks materi-
als to indicate relative propensities to
gain or lose electrons in a static-caus-
ing situation. Pairs of material far apart
on the scale are likely to generate
larger charges than pairs situated
close to one another in the scale,

Unfortunately the typical electronic
office is full of material ‘pairings’ well
separated in the triboelectric series
and capable of creating large voltage
charges. Examples are:

@ Wool suits and polypropylene up-
holstery

@ Nylon stocking and acrylic uphol-
stery

® Neolite shoes and nylon car-
peting

® 'Plastic’ envelopes and paper
contents and the list goes on.

Possible Solutions to
Static Problems

The theory states that static is
caused when two dissimilar materials
are in contact. Can we create a 'one
material’ environment? The only situa-
tion to which this solution has been
generally applied is the hospital oper-
ating room where everything is cotton;
clothing, masks, shoe covers, sheets
and so on. Obviously not an approach
that can applied universally.

Another possible solution lies in fact
that high humidities provide an environ-
ment that allows static charges to dis-
sipate thanks to the conductive prop-
erty of water. Unfortunately neither the
human nor electronic components
work well in high humidities, and in any
event they are difficult to maintain in a
climate like ours.

CANADIAN ELECTRONICS ENGINEERING NOVEMBER 1985
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On any board, with every application. Offer-
ing excellent resistance to chemical and me-
chanical degradation, the MACuMask solder
mask series provides reliable circuit protec-
tion in any environment.

Whether your specifications call for UV.
or thermal materials, MacDermid solder masks
have exceptional physical and chemical char-
acteristics which allow soldering, cleaning,
drilling and coating operations to occur with-
out damage to the mask.

Improved cure times and excellent ad-
hesion to both laminates and most metallic
surfaces (copper, tin/lead, tin, nickel, gold)
give MacDermid’s MACuMask series perfor-
mance versatility for both military and com-
mercial applications.

MACuUMasks are available in a variety of
colors and finishes blending aesthetics with
functionality.

For further information about our masks
and inks contact MacDermid Chemicals
Inc.; Toronto (416) 624-1065;, Montreal
(519) 631-1862.

Exclusive coverage, permanent protection.

MacDerm id Chemicals

INCORPORATED

Chemicals In Focus With The Future
Reader Service Card Number 208

Computer manufacturers, who are
among those most concerned with the
damaging effects of E.S.D., have iden-
tified conductive floor covering as a
vital part of the solution to the static
problem.

For a floor covering to fulfil this func-
tion it must have the following proper-
ties:

Low Static Generation Propensity The
carpet itself should not be a source of
large static charges when people walk
onit.

Conductivity Across the Face of the
Carpet If a carpet has this property it
will diminish high local charges by al-
lowing them to spread across the en-
tire carpeted surface.

Conductivity Through the Carpet A
carpet should be conductive through
to its backing. That way, regardless of
the source of the static build up, the
charge is able to drain away harm-
lessly.

Decay Time All this must take place
quickly. An electric charge must ‘de-
cay’ or dissipate to a harmless level in
a time measured in fractions of sec-
ond.

The heuga solution

heuga has responded to the chal-
lenge posed by the demands of the
electronic environment by developing
heuga Electron XL carpet squares.

In doing this, heuga has made no
use of topical treatments available,
which lack durability and may contrib-
ute to soiling. The conductivity proper-
ties of heuga Electron XL are built per-
manently into the product by:

® Adding additional conductive ele-

ments to a nylon face of fourth gen-

eration Antron XL by Du Pont

® Anchoring this yarn firmly in a con-

ductive backing

® Moditying its Mexphalt Conture

backing to provide conductivity and

a permanent electrical path from

the face of the tile to its back

The result is a material that exceeds
all current standards established by
computer manufacturers for electronic
offices—which lets you give up the
static without giving up the carpet.

heuga has published a Technical
Manual and full colour brochure which
illustrates in more detail the use of
heuga Electron XL carpet squares and
the many advantages inherent to the
product. To obtain a copy circle 299
on the reader service card. CEE
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continued from page S17

and plastics. Realizing that sales could
increase dramatically by satisfying
quality requirements through the pro-
duction of specific electronic grade
product line extensions, the company
has introduced several new electronic
grade process chemicals and resins
include PRELETE® defluxer solvent,
STRIPTRON® photoresist stripper,
QUATREX® epoxy resins and DOW-
EX® monosphere ion exchange
resins.

As a result of such substantial com-
mitments, particularly over the last
year, Dow today markets products and
services that play an integral role
across the broad industrial spectrum,
from the production of passive and ac-
tive devices to the final protective
packaging used to ship the periph-
erals. Dow intends to build on this
existing chemical, material and fabri-
cation base through a very active R&D
program, not only to sustain leadership
and growth, but to accelerate develop-
ment in new emerging electronic appli-
cations.

New projects initiated by Dow in its
Central Research Laboratories include
opto-electronic systems, plastic micro-
layer coextrusions, ultra-high-tempera-
ture plastics, composites and ceram-
ics, submicron particles and static
control and EMI shielding products.

The development of specialties,
however, requires strong outside-in
orientation; a market-driven approach
which, by analyzing industry trends, re-
lates research activities directly to cus-
tomer needs and problems. In re-
sponding to this challenge, Dow
Chemical Canada Inc. has named Carl
Lucas as Industry Development Man-
ager to the Electronics and Telecom-
munications industry. His role is to act
as a liaison between Canada industry
technology needs and Dow's exten-
sive research and development capa-
bilities.

Dow’s commitment to electronics
was recently demonstrated at the Oft-
tawa High Technology Show where its
booth won a ‘Best Display’ award.
"“Receiving the award was, of course,
very satisfying but the most gratifying
result of the show was the positive
response from customers visiting the
booth, as well as the quantity and qual-
ity of leads generated,” says Lucas.
“Since this show, we've planned sev-
eral exciting joint development initia-
tives with Canadian accounts aimed at
new technology to meet unigue evolv-

ing applications.” CEE

Safety and reliability lead
to wide acceptance for
fluorocarbon solvents

Motorola Canada Limited is one of
an estimated 70 per cent of Canadian
electronic and telecommunications
manufacturers now dedicated to fluo-
rocarbon solvents as their principal
production cleaning agent. The
world's largest maker of mobile com-
munications systems insists on safe
and reliable solvents, as is typical in
their industry.

Motorola uses Du Pont's Freon®
TES in an on-line vapour degreasing
Detrex unit. Soldered circuit boards for
their reliable two-way radios are im-
mersed in boiling TES for five minutes
to remove fluxes, oils and dirt, then
spray rinsed and vapour rinsed. The
sensitive boards emerge crystal clean
and totally undamaged, according to
Motorola tooling supervisor Derek
D’Andrade.

Its been estimated that in the 20
years they have been available, fluoro-
carbon cleaning solvents have been
enthusiastically accepted by most of
Canada’s makers of electronics and
telecommunications equipment and
systems.

Cleaning solvents

More than half of the plants currently
using the fluorocarbon cleaning sys-
tems available have converted from
other systems despite conversion
equipment price tags of up to $65,000.
Further, nearly nine out of ten new
cleaning systems purchased are for
those driven by fluorocarbons, and
these too are somewhat premium
priced. There are several reasons for
the acceptance according to Douglas
D. Stohmann, a marketing representa-
tive for Du Pont Canada’s Industrial
Chemicals Division. ‘‘Safety, perform-
ance and cost are the criteria most
manufacturers examine in selecting
solvents and there is no doubt that the
fluorocarbons are solvents of choice if
these criteria are vital,”’ he said.

“From a safety standpoint, fluoro-
carbons are completely non-flamma-
bie throughout their full evaporation
range, including pressures and tem-
peratures reached in degreasing oper-
ations. “Except for carbon dioxide,
this family of compounds have one of
the highest assigned TLV/TWA,
(threshold limit value/time weighted
average), values at 1000 ppm by vol-
ume in air as established by the Ameri-
can Conference of Governmental & In-
dustrial Hygienists.” said Mr. Stoh-
mann.

This is a measure of vapour concen-
tration in air to which nearly all workers
may be repeatedly exposed day after
day for a normal 8 hours and for a 40
hour week without adverse effect. In
comparison, the TLV/TWA ratings for
methylene chloride are 100, for methy-
lene chioride azeotrope 140 and for
methyl chloroform 215-270 depending
on inhibitor formulation.

“lts simply that with Freon the work
environment is safer and more com-
fortable for the people who do the
actual work,”” said Mr. Stohmann.
“The lower boiling point of fluorocar-
bons keeps the plant cooler and the
material itself has very low toxicity val-
ues.”

Performance or effectiveness of flu-
orocarbons is well documented. Their
low surface tension (17.3 dynes/cm)
allows rapid and thorough adherence
to surfaces and crevices. In turn this
promotes total cleaning. Co-solvents
provide fluorocarbons with physical
property flexibility —methyl alcohol, for
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instance, increases ability to remove
ionic salts which is a critical character-
istic particularly for makers of printed
wiring assembilies.

in an independent test program
first published in early 1985 by Texas
Instruments Inc., fluorocarbon was
clearly established as that company’s
“preferred” in-line defluxing solvent
where high reliability of finished prod-
uct is wanted. Said the TI report, in
part, fluorocarbon has . . . superior
compatibility with components, plas-
tics, materials of construction, and
marking inks". It adds that fluorocar-
bon has ‘. . . retention of composition
during use compared with other tested
solvents"’.

"The stability of fluorocarbons is re-
markable,” said Mr. Stohmann. '"Du
Pont’'s Freon TES and Freon TMS, for
instance, are very gentle with most
metals, plastics and elastomers, com-
mon to the electronic industry. Well
stabilized, they will not react with usu-
ally active metals such as zinc or mag-
nesium, also common materials for
many manufacturers,” he said. "“This
means that all components of a prod-
uct can be put in place for mass sol-
dering without the need for adding-on
components at extra labour cost.”

Another bonus for most users is the
low boilling point (from 36.2°C to
48.9°C) of fluorocarbon compounds.
“The result is that systems use less
energy to recycle the solvent,” said
Mr. Stohmann. “Cooler cleaning tem-
peratures also translate into reduced
air conditioning and ventilating ex-
pense.” He added that systems using
other solvents with higher boiling
points may consume up to twice as
much solvent,

Low solvent consumption has bene-
fits beyond dollars and cents. In the
case of the Texas Instrument analysis
they noted "it helps produce a safe
working environment’”. They also re-
ported that with good maintenance,
proper defluxing procedures and the
use of a halide detector, solvent con-
sumption for one product line dropped
from 13 drums a month to 5 drums,
and then a single drum. "They gained
a 90 per cent cut just through a good
understanding of equipment and sys-
tem chemistry," said Mr. Stohmann.

Cost benefits with fluorocarbons are
certainly measurable. The Texas In-
strument study, for instance, projected
an annual overall system cost savings
of roughly 50 per cent if fluorocarbon,
rather than another solvent, was se-
lected.
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MacDermid

New technologies.
New endeavors. New ideas.
Achievements gained
through 60 years of
experience in surface
technology.
MacDermid provides
the electronics industry
with quality chemicals
for advanced printed
circuit technology...
for microelectronics...
for the conductive
traces of tomorrow.
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CHEMICALS

regional sales manager,
Chemtronics Inc.

Chemicals that are designed specif-
ically for the electronics industry are as
useful a tool as the frequency genera-
tor, video analyzer, multimeter, oscillo-
scope or screwdriver. Used correctly,
the proper chemical can save the tech-
nician hours of valuable time while in-
creasing productivity and cost efficien-
cy.

Electronic chemicals can be classi-
fied as degreasers, solvents, flux re-
movers, lubricants, contact cleaners,
tuner cleaners, antistatic sprays,
freezing agents and conformal coat-
ings. Most of these consist of various
blends of fluorocarbons and other sol-
vents.

Generally, there are two types of flu-
orocarbons used in aerosol contact
and control cleaners: Freon® 11 and
Freon TF®. These are cleaning agents
that dissolve oils and greases but will
not adversely affect most metal con-
tacts or common plastics. Freon 12
does not have the cleaning properties
of Freon 11 or TF, but is used primarily
as a circuit cooler.

At earlier stages in the development
of electronics, carbon tetrachloride
and trichlorethane were the most com-

monly used cleaners. However, both of

“Another further major source of
cost savings lies in the efficiency in-
herent in recycling fluorocarbon,” said
Mr. Stohmann, “in most closed sys-
tems we find that even large reservoirs
need less than two drums of added
solvent for a two-shift operation. Unlike
other solvents, fluorocarbons are envi-
ronmentally harmless and can be dis-
posed of with no special handling
costs.”

“In fact, most users can realize in-
come from the sale of contaminated
fluorocarbon to recovery specialists
who may re-sell ‘purified’ material to
firms in industries with less demanding
standards for parts or material
cleaning.”

However it can take some time for
fluorocarbons to accumulate as
waste-product. Because of their stabil-
ity and resistance to hydrolysis, they
need few stabilizers and their original
composition can be restored quickly
merely by adding fresh alcohol until the
wanted specific gravity is regained.

Fluorocarbons have gained a wide
acceptance in just 20 years, even
beyond their stellar role in the electron-
ics field. Manufacturers of pacemakers
and other human implant prostheses
are now routinely cleansed with fluoro-
carbons before sterile shipment. ““And
in hospitals, doctors use the material
to wash skin before surgery,’” adds Mr.
Stohmann. CEE

Manufacturing engineer Al Hyslop of Northern Telecom’s Bramalea facility (left)
with Doug Stohmann, Du Pont Canada marketing representative for solvents
stand in front of an in-line vapour degreaser equipped with Freon TMS to clean

circuit boards.

these solvents are highly toxic and
very limited in usage. Fumes from car-
bon tet were more than 200 times as
toxic as those of modern cleaning
agents. Freon 11 and Freon TF are
non-toxic and stable and have no ad-
verse effects on plastic.

Tuner cleaners

Defective TV tuners are accounta-
ble for a wide variety of problems:
snowy pictures, noisy reception, loss
of sound and/or picture, flashing pic-
ture and picture distortion.

Dirty or corroded contacts are the
primary cause of tuner cleaner and
lubricant is essential in eliminating
most of the problems associated with
poor tuner contacts. A tuner “‘wash"’
with a blend of fluorocarbon solvents is
the ideal first step in tuner mainte-
nance. Used in aerosol form, this con-
centrated formula degreaser removes
oil, dirt and gunk from contacts and
eliminates built-up oxidation while leav-
ing parts and contacts totally clean.

Using a tuner wash is simple. Re-
move the tuner, then open and care-
fully spray the contacts, rotating the
tuner as you spray. The force of the
spray alone will-help eliminate much of
the dust and dirt. Be certain that the
tuner wash you use is a non-residue
cleaner that is safe for plastic parts.

Chemicals for the service technician

.|
By LarrP/ S. Davis,

The second step in tuner mainte-
nance is just as important as the first.
An application of a good cleaner/Iubri-
cant will help keep your tuner mainte-
nance free for long periods of time.
The most effective cleaner-lubricants
contain small polishing particles that
remove oxidation and corrosion from
contacts, leaving the tuner in like-new
condition. A valuable additive to tuner
cleaners is a chemically inert lubricant
that protects contacts and prolongs
tuner life.

Tests have proved that properly lu-
bricated tuners can last for as long as
40,000 revolutions, whereas the typi-
cal life of an unlubricated tuner is
18,000 revolutions.

Proper application of a cleaner/lu-
bricant is similar to that of a tuner
cleaner. Spray all contacts, rotate,
check stator contacts to assure they
press against rotor contacts with
enough pressure to ensure positive
contact and good cleaning action. For
periodic maintenance, use a light duty
cleaner lubricant.

Many customers who had given up
on their televisions because of snowy
pictures are amazed to find their sets
working like new after an experienced
technician has performed his ‘‘chemi-
cal magic.”

continued on page 25
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continued from page 22

Component/circuit coolers

Detection of defective components
that are heat sensitive can be simpli-
fied by the use of circuit coolers. Fail-
ure of resistors, transistors, capacitors
and other component parts is fre-
quently induced by heat. A spray appli-
cation of a refrigerant, usually Freon
12, cools circuits instantly to —65°F,
(—54°C), in many cases temporarily
restoring the suspected component.
Thus, the thermal intermittent is quickly
and accurately pinpointed allowing for
a quick replacement.

There are other uses for component
coolers as well. To locate cracks in PC
boards, for example, spray the copper
foil circuitry. This will cause it to frost
and turn white, exposing the crack.
When soldering heat sensitive compo-
nents, spray and chill components be-
fore soldering for maximum protec-
tion.

To prevent cold solder joints, in-
stantly cool the fresh solder joint to
prevent wire movement before the
solder solidifies. Coolant spray can
also be a good way to limit transformer
damage.

Flux removers

A good flux remover is an excep-
tionally useful product in electronic
production, rework and repair. Again,
a Freon solvent blend in aerosol form
is ideal for removing flux after soider-
ing. The aerosol is additionally impor-
tant here, as it provides a constant
supply of fresh solvent to prevent re-
contamination. This product is avail-
able with CO, as a propellant, helping
to remove stubborn contaminants
without brushing or scrubbing.

When selecting a flux remover you
should consider the type of rosin to be
removed, ease of application, and op-
erator safety.

High voltage insulator

Another beneficial addition to the
technician’s tool kit is a good, all-pur-
pose insulating spray. This differs from
the previously discussed chemicals as
it contains a hard, insulating acrylic
resin. When applied, this acrylic coat-
ing is highly resistant to environmental
extremes such a moisture, oils, acids
and alkalis. It stops arcing and corona
shorts, insulates against RF high-volt-
age leakage as high as 25,000 RF

volts, leaving a protective coating that
permanently restores insulation. A
good, high-voltage acrylic insulator
such as No-Arc is recommended for
RF transformers, motors, electrical
wiring and PC boards.

Audio equipment
maintenance

The increase in the number and vari-
ety of audio/video products has been
accompanied by an increase in au-
dio/video maintenance. An important
requirement for chemicals used in this
area of electronic maintenance is non-
contact cleaning. It is imperative that
delicate magnetic heads and com-
puter discs be handled as infrequently
as possible.

Magnetic Head/Disc Cleaner con-
tains Freon solvents and isopropy! al-
cohol that are specially formulated and
packaged in aerosol containers. When
sprayed on equipment, this chemical
safely removes dirt and oxide buildup
from audio/video heads and computer
discs. This product is non-residual,
evaporates instantly, and can be used
to maintain rollers, guides, capstans
and tape transport components.

New Static Free Chemicals... The Complete Line You Can Use With Confidence!

GC Electronics . . .
A Chemical Pioneer . . .

GC Electronics pioneered the
development of electronic chem-
icals, and has continued to be a
leader in the industry.

Today’s advances in technology
has placed even greater de-
mands to supply new formu-
lations which meet the stringent
purity and quality needs of the

electronics market. For example,
expanded spectrum usage and
lower signal levels are just two
factors influencing our ongoing
research and development ef-
forts to maintain a strong leader-
ship position.

Static-Free Chemicals . . .
A New Generation.

Any conventional aerosol chem-
ical generates static charges as
pressurized gases are released.
GC Electronics’ new Static Free
line of high purity chemicals
feature zero electrostatic proper-
ties. Thus, each aerosol can be
used with confidence without
fear of damage which can be
caused by static charges to
today’s electronic components,

The Only Way to Service
Electronic Products With
Confidence!

With GC’s new Static-Free chem-
ical line of products, you'll
virtually eliminate any ESD (Elec-
trostatic Discharge) damage that
is frequently encountered when
using other products.
Whichever GC Electronics’ Static-
Free Chemical you use, you can
do so with confidence!

STATIC-FREE

STATIC NULL

Neutrafizes and prevents static
electricity from reforming.

STATIC-FREE

COMPONENT FREEZE
Immediately cools components to
non-operating temperatures.

STATIC-FREE

SPRA-KLEEN

Removes old lubricants and ox-
ides from electrical/electronic
contacts and metal parts.

Distributed By:

21 Progress Court

(416) 439-9921

STATIC-FREE

FLUX REMOVER

High Strength

Dissolves and flushes all known
fluxes immediately.

STATIC-FREE

FLUX REMOVER

Moderate Strength

Remaves all conventional fluxes
from circuit boards.

STATIC-FREE

AIRJET

Blows away dust or dirt accumu-
lations.

DECADE ELECTRONICS LIMITED

Scarborough, Ontario M1G 3v4
Telex: 065-26198

Reader Service Card Number 206

CANADIAN ELECTRONICS ENGINEERING NOVEMBER 1985

STATIC-FREE

CONTACT KLEEN

With Anti-Oxidant

Special blend of two synthetic
anti-oxidants to protect contacts.

STATIC-FREE

CONTACT KLEEN NRF
Non-Residue Formula

A strong cleaner for switches and
controls.

STATIC-FREE

FREON TF CLEANER

Pure cleaner for use in removing
light lubricants.

All chemicals come in two sizes.
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