Protecting Power MOSFETs from ESD
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ESD Control  Pro-
is very detailed and specific by

But its basic underlying con-
by ten sim-

power

ple rules:

Always store and transport MOS-

FETs in closed conductive con-
tainers.

Remove  MOSFETSs from con-
tainers only after grounding at a

Static Control  Work Station.
Personnel who handle  power
MOSFETs  should wear a static
dissipative outer garment  and
should be grounded at all times.
Floors should have a grounded
static dissipative covering or treat-
ment.

5. Tables should have a grounded
static dissipative  covering.

6. Avoid insulating materials of any
kind.

7. Use anti-static  materials in one-
time applications  only.

8. Always use a grounded soldering
iron to install MOSFETSs.

9. Test MOSFETs only at a static
controlled  work station.

10. Use all of these protective mea-
sures simultaneously and in con-

junction
Intemational

with trained  personnel.

Rectifier has an out-
standing ESD control  program  in
place in their HEXFET@  manufac-
turing facility. This Application  Note
will discuss how HEXFET  users can
implement and benefit from similar
ESD control programs.

What is ESD?

ESD is the discharge
tricity. Static electricity
deficiency of electrons on one surface
with respect to another surface or to
ground. A surface exhibiting an excess
of electrons is negatively charged, and

of static elec-
isan excess or

an electron deficient surface is posi-
tively charged.  Static electricity s
measured in terms of voltage (volts)

and charge (coulombs).

When a static charge is present on
an object, the molecules are elec-
trically  imbalanced. Electrostatic-
Discharge (ESD) takes place when a
re-establishment of equilibrium is
attempted through  the transfer  of
electrons  between one object and an-
other that is at a different voltage
potential.  When an ESD-sensitive  de-
vice, such as a power MOSFET,
becomes part of the discharge path,
or is brought within the bounds of an
electrostatic field, it can be perma-
nently damaged.

Generating Static Electricity

The most common way of generat-
ing static electricity is triboelectrifica-
tion. Rubbing two materials together

will cause triboelectrification, as will
bringing two materials together and
then separating them. The magnitude
of the charge is highly dependent upon
the particular ~ material's  propensity
toward giving up or taking on elec-
trons.  Dissimilar ~ materials are par-
ticularly susceptible, especially if they
have high surface resistivity.
Another  way of placing
charge on a body is by Induction.
Induction could be caused, for exam-
ple, by placing a body in close prox-
imity to a highly charged object or
high-energy ~ ESD.

a static

ESD Failure of the Power MOSFET
Failure Mode

One ofthe biggest operating advant-
ages of the power MOSFET can also
be the cause of its demise when it
comes to ESD - ultra-high input re-

sistance  (typically >4 x 109 ohms).
The gate of the power MOSFET may
be considered to be a low voltage
(£ 20Y for HEXFETS) low leakage
capacitor.  As can be seen in Figure |,
the capacitor  plates are formed pri-
marily by the silicon gate and source
metallization.  The capacitor dielectric
is the silicon oxide gate insulation.

ESD destruction  of the MOSFET

occurs when the gate-to-source  volt-
age is high enough to arc across the
gate dielectric.  This burns a micro-
scopic hole in the gate oxide which
permanently  destroys the device. Like
any capacitor, the gate of a power
MOSFET  must be supplied with a
finite charge to reach a particular volt-
age. Since larger devices have greater
capacitance  they require more charge
per volt and are therefore less suscept-
ible to ESD than are smaller MOS-
FETs. Also, immediate failure usually
will not occur until the gate-to-source

voltage exceeds the rated maximum

by two to three times.

A typical ESD destruction  site can
be seen in Figure 2a. This was caused



being discharged
gate of the device.
taken at a magnification can be 1,000 volts or
the surface of the die down
The photo of Figure 2b
shows that no damage
of the die prior
failure site shown

This is due to the fact that the capaci-
tance of the body carrying
tends to be much lower than the Cjs of
so that when the charge
ping. The actual
Figure 2a is only about lower than the original.
The graph of Figure 3shows the rela-
tionship  between chip size and voltage
to induce ESD damage.

is a low resistance

zener effect between gate and source

Electrostatic ~ fields can also destroy
the power MOSFET. The failure
mode is ESD but the effect is caused
by placing the unprotected gate of the
FET in a Corona Discharge  path.
Corona Discharge iscaused by a posi-
tively or negatively charged surface
discharging into small ionic molecules
in the air (CO+, H+, Or, OH-).

Is ESD Really a Problem?

As previously mentioned, when
dealing with small quantities of MOS-
FETs, ESD may not seem to be a
problem.  The results in this case may
be occasional  unexplained failures.
When dealing with very large quanti-
ties, particularly ~ when quality is of

prime consideration, ESD can be a
real problem.

The graph in Figure 4 gives a good
graphical  illustration ~ of the magni-

tude of the problem and its solution.

This graph was derived from data
taken at an internal point of Interna-

tional Rectifier's manufacturing  facil-
ity and does not represent the much
lower AOQL levels. Between April
1982 and October 1983, gate-related

failure dropped by nearly a factor of 7
at this inspection  point as a direct
result of the institution of ESD pro-
tective measures.

Of significant interest is the drastic
increase offailures  during the "witch-
e's wind" period of October through

December  of 1982 in EIl Segundo,

California. These winds cause ex-
tremely low relative humidity (RH)
which tends to aggravate the ESD
problem.  Effective control of ESD
during a similar weather period of
Octoberthrough December of 1983 is
evidenced by no significant increase
of failures.



ductive bodies in the facility. Addi-
tionally, all personnel involved in the
manufacturing ~ process should be hard
grounded.  Unfortunately ~ the humans
involved in the manufacturing pro-
cess would then become vulnerable to
electrocution by fault) electrical

equipment.  Also, when traveling long
distances. it can be difficult to main-
tain a ground  connection. Conse-
quently, protective materials and
methods must be chosen based on the
situation.

Insulating Material

Because of their propensity for stor-
ing static charges and the difficulty
with discharging  them, it is impera-
tive to keep objects made of insulat-
ing materials away from power MOS-
FETs and out of the environment
entirely, if possible. Since electric cur-
rent cannot flow through an insula-
tor, electrical  connections from an
insulator to ground are useless in con-
trolling static charges.

Insulating  materials  include: poly-
ethylene  (found in regular  plastic
bags), polystyrene  (found in Styro-
foam cups and packing “peanuts"),
Mylar, hard  rubber, vinyl,  mica,
ceramics, most other plastic, and some
organic materials.

When plastic products must be used
in a power MOSFET  handling facil-
ity, use only items impregnated  with a
conductive ~ material and/ or treated
with anti-static  compounds.

Anti-Static Material

Anti-static ~ material  is resistant to
the generation  oftriboelectric  charges,
but does not provide a shield from
electric fields. Corona Discharge  will
pass right through an anti-static  en-
closure, possibly destroying any
MOSFETs  which are inside. Because
of its high surface resistivity, ground-
ESD (VOLTS) ing anti-static  material is not very
effective for removing a charge.
Some  plastic  insulators can be
treated with anti-static  agents which
chemically  reduce their susceptibility
to triboelectrification and lower their
surface  resistivity. ~ Most  anti-static

800 1.000

Materials and Methods for turing  environment because  of the . f . -
ESD Control !arge volume of_power MOSFETs ?gﬂ)ts t(;eq;elreeﬁzé%f;e.religh\gerefgrtl)rﬁldlt%e
'Direct Protection Method involved. ) The bas!c concept of com- RH of facilities where power MOS-
In protecting any power MOSFET plete static protection for the power FETs are handled should be kept
from ESD or any other excess gate MOSFETs is the prevention of static above 40%. Also, anti-static — agents
voltage, the primary objective is to build-up - where possible and the quick, tend to wear off or wear out after a
keep the gate-to-source  voltage from reliable removal of existing charges. period of time. and most of them use
exceeding  the maximum specified _Materlals in the enwron_ment can reactive ionic chemicals which can be
value (= 20 for HEXFETS). This is either help or hinder _statlc control. corrosive to metal. Anti-static  plastics
true both in and out of circuit. The_se may be placgd_ into four cate- should be limited to short-term  use in
Direct protection  of the MOSFET gories of surface resmtwny: Ir_]sulatmg one-time  only situations, such as DI P
could involve methods such as short- (=10 ohms/ Sq..), Anti-Static (10s and TO-3 tubes and packing materials
ing the gate to the source, or applying 104 ohms/ Sq ..), Statlc—Dlssmatlv_e for shipping.
zener protection gate-to-source.  While (101-10s ohms/ Sq.), and Conductive
effective for in-circuit or small quan- «105  ohms/Sq.-).
tity applications,  the direct method is Ideally, to protect the HEXFET, « The size of the square does not effect

usually. impractical ~ in the manufac- one should have only grounded con- the surface resistivity.
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Static-Dissipative Material
Static-dissipative materials are effec-
tive for application on any surface to
facilitate the removal of static charges
by conducting them to ground. It
is possible to generate triboelectric
charges in static-dissipative materials
but the charges will be dissipated
throughout the material and can easily
be discharged to ground. Static-dissi-
pative material issuitable for use in or
on floors, table tops and clothing:.

Conductive Material

Conductive materials are suitable
for use in the construction of enclo-
sures for storing or transporting power
MOSFETs.  Like static-dissipative
materials, conductive materials are
susceptible to triboelectrification but
can easily be discharged to ground.
Plastic, though normally highly in-
sulating, can be made conductive
when manufactured from carbon or
metal impregnated base material.
Conductive tote bins and bags are
constructed  from these materials.
Containers  should be constructed
such that the conductive elements will
not separate. migrate. or otherwise
contaminate the environment.

DATE

Power MOSFETs contained in
closed conductive containers are safe
from Corona Discharge as electric
current is conducted around the con-
tainer. The contents of the container
are shielded.

lonizers

In addition to passive static control
by proper material selection, active
controls may sometimes be necessary
or advantageous. lonizers are a form
of active static control.

There are three basic types of ioniz-
ers: AC, DC. and Nuclear. lonizers
are intended to produce large and
equal quantities of positive and nega-
tive ions. When used to neutralize a
specific object, the object tends to
attract only those ions necessary for
neutralization.  Excess positive or
negative ions either tend to find each
other or ground.

Nuclear ion sources should be
avoided, if possible, because of real
or imagined concerns of employees
over radioactive contamination’.  Al-
though reported to be harmless, small
amounts of Polonium used for static
neutralization purposes can be shown
to cause radiolysis in some organic
materials in its proximity.
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When using DC powered ionizers,

.use only the balanced type. Unbal-

anced DC ionizers can create imbal-
ances in the amount of ions of differ-
ent polarities, creating exactly the
type of dangerous condition one is
trying to eliminate.

Objects, and even the air, can some-
times acquire a charge from an
ionizer. Also, they create minute but
compoundable amounts of poison-
ous ozonez, and ionic imbalances
have been shown to create mild neuro-
logical and biological disturbances in
humans'.  Consequenrly, i,mizers of
any type should be avoided for gen-
eral room area or direct personnel
neutralization.

Never use ionizers where there s
possible contact with moisture.

Facility Preparation

Floors

The foremost consideration is to
prevent the generation of triboelec-
trically induced static charges in the
first place. A good place to start iswith
the use of grounded static-dissipative
floor coverings or treatments.

Conductive floor tiles are the most



permanent solution, but their cost
tends to be prohibitive unless the
installation ~ is on a new floor. Floor
mats, conductive or static-dissipative,
can be used but may constitute a
safety hazard with curled-up  edges
or corners. One suitable and cost-
effective method is to use a static-
dissipative  floor finish.

A static-dissipative floor finish can
provide an aesthetically pleasing finish
which has a surface resistivity that re-
mains well within the static-dissipative
range for about two months of normal
pedestrian  traffic.  Grounding of a
static-dissipative floor finish can usu-
ally be accomplished through inci-
dental means. Since it is applied as a
liquid, it tends to slosh into ground-
ing rods or other static control ground
points.

Tabletops

Grounded, static-dissipative table-
tops should be used at every work
station where power MOSFETs are

handled, whether they are in or out of
protective  containers. \

Two types of tabletop surfaces have
been found to be effective by Interna-
tional  Rectifier's  Test Engineering

Group. As with floors. the most per-
manent  solution is static-dissipative
tabletop  laminant  (see Figure 5b).

can be ordered with a
surface. and old
benches can be resurfaced.  Alterna-
tively. benches can be covered with
soft, static-dissipative mats (see Fig-
ure Sa). Mats, however. should be
avoided where they may be exposed
to heat or chemicals.
Metal  tabletops

New benches
static-dissipative

should never be

used in place of static-dissipative  ones,
as they are far too conductive and

therefore present a shock hazard
where electrical  equipment  is used.
The ideal work surface should fall
within  the static-dissipative ranger.
Containers

Power MOSFETs
stored and transported
ductive bags or containers. MOSFETs
contained  in anti-static  tubes or bags
should be stored and transported in
closed conductive bags or containers.
See Figures 6a and 6b.

(fpower MOSFETs are to be stored
in a dry atmosphere,  such as nitrogen
(N2, the gas should be ionized going
into the bag or dessicator to prevent
static build-up in the container.

should always be
in closed con-

Conductive bags and containers
should never be opened except at a
static-controlled work station  and

only after the bag or container has

been placed on a grounded  static-
dissipative  surface. See Figure 6c.
Personnel

Static  protection  as pertaining to
personnel involves:  prevention of
static build-up, dissipation  of existing
static, and training.

Materials  found in most outer gar-
ments  constitute an ESD hazard.
Typical lab coats ofa colton-polyester
blend have been found to store charges
of up to 5.000 volts. Static-dissipative
lab coats or smocks should be sup-
plied to employees. as this will shield
the environment  from personal cloth-

ing.

Gloves should be worn only when
necessary  for cleanliness, since the
surface resistivity of the human body

falls within the static dissipative  or
conductive  range.
Removal of existing charges can be

effected with wrist grounding  straps.
Grounded  wrist straps should be worn
whenever physically possible. See Fig-
ures Sa, 6c, 8b, and 9. Ground straps
and grounded table-top surfaces

should have at least | megohm of re-

sistance to ground to prevent shock
hazard.

Training  personnel  is essential to
ESD control. Carefully installing the

most expensive ESD protection  avail-
able will be useless if employees are
not educated in the necessity, and use
of, ESD protective techniques.  Also,
a certain resistance to change must be
overcome on the part of the employee.

ESD demonstrations have proven
especially  helpful in gaining coopera-

tion from those who handle HEX-
FETs at IR. Refer to the Document



Index  for reference and

material.
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Grounding

Although grounding has thus far been

only casually mentioned in conjunc-
tion with ESD protection, it is essen-
tial. Earth ground rods for ESD pro-
tection should be solid copper or

copper-jacketed steel and should be
driven six to eight feet into the earth
beyond the building slab with approxi-
mately six inches exposed above the
floor for making connections (see
Figure 7). Dry soil conditions  may
require a copper sulfate drip. Elec-
trical grounds should be isolated from

static control  grounds.  Water pipes
should NEVER be used to terminate
static control grounds since they may
not be connected to ground.
These grounding methods

excessive since the ground
in series with | megohm

may seem
rod may be
or more of

resistance. However, these tecllniques
are for minimiz.ing the difference of
potential  between separate  grounds

and not for reducing the ohmic resist-
ance to earth.

lonizers

lonizers  should be installed where
necessary for dedicated applications.
For example, it may be advisable to



use an ionizer on PC boards where
MOSFETs are to be mounted. loniz-
ers should be used for neutralizing
any specific inanimate object in the
environment which cannot be con-
trolled by any other means.
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with trained personnel, ESD damage
can be reduced to negligible levels.
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