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Figure 1

(57) Abstract: The present application relates to a universal tray for electrostatic discharge sensitive devices. Safe storage and trans-
portation of electrostatic discharge sensitive devices such as printed circuit boards, integrated circuits, electronic components, is manda-
tory in order to prevent premature damage. The present solution consists in a foam block (1) made of static dissipative flexible foam
core (2) with integral skin (3), with laterals (4), top (5) and bottom (6), to store and safely transport these devices. This universal tray
allows the direct contact with these types of devices without causing excessive strain over the fragile components and solder joints.
The present solution allows for a secure accommodation and transport, protection from mechanical damage and electrostatic discharges
within the packaging system. Due to the simplified and universal design, the present technology allows a reduction of the total number
of trays and consequently, the total number of packaging systems and allocated storage areas.
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DESCRIPTION

“WUNIVERSAL TRAY FOR THE ACCOMMODATION AND TRANSPORT OF
ELECTROSTATIC DISCHARGE SENSITIVE DEVICES BASED IN INTEGRAL
SKIN FOAM”

Technical field

This application relates to a universal tray for the
storage and transport of electrostatic discharge sensitive

devices (ESDS).

Background art

Electronic products comprise electronic systems and
components, e.g. printed circuit boards, integrated
circuits which go through a series of processing steps
during the manufacturing. Electronic systems have become
more complex and specific to best suit new function
abilities. Within the increasing of complexity in their
configuration, these electronic systems have also become
highly sensitive to damage by mechanical efforts and from
electrostatic discharges (ESD) and fields. Devices that are
sensitive to the electrostatic discharge phenomenon are
classified as electrostatic discharge sensitive devices
(ESDS) and require extra care during handling, storage, and
transport. In general, in fabricating facilities ESDS are
transported in between locations for different operations,
e.g. mounting of components, testing, assembly.

In order to minimize premature damage probability related
to electrostatic discharges, research focused 1in the
modification and development of materials to provide ESD
protection. An electrostatic discharge occurs due to the
build-up of static electricity in materials, which may

occur by friction. The accumulation of static electricity
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is greater in electrically insulating materials, because
these materials inhibit the flow and dissipation of the
accumulated charges. Therefore, improving the electrical
conductivity properties of packaging materials was widely
pursuit as exemplified in U.S. Pat. No. 2004/0259966A1,
U.S. Pat. No. 2009/0242845A1, U.S. and Pat. No.
2015/0274924A1.

Commonly, packaging materials for ESDS are composed by
conductive materials. These materials immediately discharge
static electricity, preventing the accumulation of
electrostatic charges. However, due to the high
conductivity, the discharge may be too fast and induce a
spark which can create an electric field that, in turn, can
induce harmful electrical charges on nearby ESDS.
Therefore, materials classified as electrostatic
dissipative, which are in between the anti-static and the
conductive range, are more suitable for this type of
application. Electrostatic dissipative materials present a
higher electrical surface resistance compared to conductive
materials, and hence, a slower rate of discharge of the
accumulated charges. For this reason, increasing effort has
been focused 1into the development of novel low-cost
electrostatic dissipative materials. For example, U.S. Pat.
No. 6,101,083 discloses an apparatus for eliminating
electrostatic discharge damage to integrated circuits that
includes the use of an electrostatic dissipative plastic

carrier.

Besides the material development, several packaging design
solutions have been explored and presented for the safe
storage and transportation of ESDS, ranging from containers

for a single ESDS as in U.S. Pat. No. 6,401,930B1 and U.S.
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Pat. No. 5,738,219A to tote boxes with features to assemble
structures for the accommodation of wvariable ESDS as 1in

U.s. Pat. No. 4,261,464 and U.S. Pat. No. 4,506,785.

The most commonly employed solution in manufacturing units
is the stackable dedicated tray solution. Dedicated trays
are designed in such a way that allow the perfect fitting
and accommodation of a specific ESDS configuration, in
specific predefined zones. This solution assures the safety
in regarding to mechanical efforts from shocks and
vibrations, which could 1lead to excessive strain/stress
over the ESDS components and solder joints, and also from
ESD phenomenon. Some examples include U.S. Pat. No.
7,410,060 and U.S. Pat. No. 6,868,970B2 which disclose a
stackable plastic tray for integrated circuit chips while
U.S. Pat. No. 5,474,178A presents a packaging plastic tray
for supporting electrical connectors.

Due to the design specificity and the wvariable ESDS
configurations for different electronic products, the use
of stackable dedicated trays gathers some issues. For
instance, there is a constant need for new specific trays
to be developed for the new electronic systems. Typically,
there are diversified stackable dedicated trays 1in use
simultaneously, for the production of numerous wvariable
electronic products. Also, when the production for a
certain electronic product is paused, a larger number of
stackable dedicated trays 1s occupying storage area while
awalting a new need. Likewise, when an electronic product
becomes obsolete, the corresponding stackable dedicated
trays become no longer necessary and require recycling
management.

Hence, the main drawbacks of such solution include: large

areas allocated for storage; longer lead times for the
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design and fabrication of new trays and for the recycling
of disposable ones; more packaging systems, like tote box
and 1lid to contain the stackable dedicated trays; and
greater associated costs, which all combined, entail
logistical problems.

An alternative possibility to substitute the stackable
dedicated trays consists in the use of a soft material that
assures energy absorption from shocks and vibrations
simultaneous to providing cushioning and protection to the
ESDS. Examples of such soft materials include flexible
foams made of ©polyurethane or other polymeric Dbased
materials. These materials are already employed in similar
demanding applications. For example, 1in U.S. Pat. No.
4,851,286A is disclosed a cushioning element of a polymeric
foam material for placement between an impacting surface
and a surface of an object to be cushioned against damage
caused by impact during transport or storage. U.S. Pat. No.
2003/0102244 Al discloses a shipping and storage container
for laptop computers, which includes an inner protective
base 1insert and an inner protective cover insert, both
inserts being fabricated from a protective foam material.
Flexible foams can be modified to present static
dissipative properties by adequate formulation, and have
been used extensively as a packaging and supporting
material of highly sensitive equipment such as ESDS, e.dg.
printed circuit boards, integrated circuits. In U.S. Pat.
No. 2004/0259966 Al is disclosed a method to prepare a
static dissipative flexible polyurethane foam by
incorporating anti-static additives and in U.S. Pat. No.
2015/0274924 Al is presented the development of
electrostatic dissipative electronic packaging materials
based on polyurethane foams. Examples of applications for

static dissipative flexible foams include U.S. Pat. No.
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5273158A that discloses a package fabricated from flexible
polyurethane foam for the storing and the transportation of
small electronic components, e.g. capacitors, resistors,
diodes, transistors. In some cases, foams have Dbeen
provided in sheets and slabs as a base upon which
integrated circuits and wafers may rest. U.S. Pat. No.
2015/0083638A1 discloses a wafer container comprising upper
and lower foam cushions or positioned above and below the
container. U.S. Pat. No. 2005/0210665A1 discloses a
microelectronic transport tray with the lower surface
covered by a resilient sheet layer made of foam. U.S. Pat.
No. 6,286,0684B1 discloses a container for integrated
circuit wafers that provides protection for the wafers from
mechanical shock and electrical charges. Top, bottom and
side cushions made of foam mechanically protect the wafers.
For other applications, as for example, the storage of
printed circuit boards, the polymeric foams may be moulded
or carved during its manufacture into cavities
corresponding with the shape of the particular printed
circuit board to being supported. In U.S. Pat. No.
2004/0060843 Al is presented the invention of a
transportation tray that has a top layer of foam and walls
surrounding a plurality of tear-out pieces made of foam.
This tray shows much flexibility for the transportation of
a large variety of 1items, but 1s not made of static
dissipative material and its manufacture is rather complex.
In addition, is more suitable for shipping goods outside of
a factory and not to the transport of goods within a
manufacturing unit.

The majority of the flexible foams presented can release
foam particles, which could lead to the contamination and
even malfunction of the ESDS. A possibility to circumvent

this matter is to resource to integral skin foams. The
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integral skin foam consists of a low density foamed core
surrounded by a high density skin of the same material, and
it may also be modified during formulation to exhibit ESD
properties at the conductive and electrostatic dissipative
range. Several methods for the production of flexible
polyurethane foams with integral skin have been disclosed
as in U.S. Pat. No. 5,132,329, U.S. Pat. No. 5,236,960 and
U.S. Pat. No. 5,449,698.

Typical solutions are based in thermoplastic materials with
a certain level of rigidity that allow the fitting of the
ESDS, 1in specific locations. The most commonly employed
solution considers stackable dedicated trays which,
although efficient, present some drawbacks related to the
design, by being too specific to a single product, hence
the designation of dedicated, and by presenting complex
features, that are achieved by either more demanding
processes as 1injection moulding or thermoforming, which
although simpler, requires the pre-production of the sheet
to be thermoformed. Other issues related to logistic
matters include: constant need to fabricate new trays and
recycle of disposable ones; large quantity of packaging
systems, for example tote box and lid to accommodate the
trays during the operation cycle, and during the pause of
the operational cycle; extensive areas allocated for
storage; more complex fabrication process not only related
to the manufacturing technologies, but also to the design
rules for avoiding contact with fragile areas and
components.

Further examples in the prior art include the use of softer
materials, as for example, flexible foams. The majority of
solutions based 1in flexible foams are directed for the

packaging and shipping of goods outside manufacturing
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units, and therefore, not adequate for implementation in
this type of solution. Some of the disclosed foam solutions
that may be employed for the stow and transport of ESDS
include flexible foams used with other structures, rigid
and flexible, that provide the ESD protection, while other
solutions report the possibility of being electrostatic
dissipative. For the application purpose, the use of
additional structures is adding complexity to the
fabrication process and handling. In addition, when
employing these foams, particles can be released from the
foam structure contaminating the ESDS while also enabling
premature damage or malfunction.

Finally, no solution for this ©particular application
purpose was found to consider the use of integral skin
flexible foams.

In view of the abovementioned, 1t would be desirable to
provide a new packaging solution to stow and transport ESDS

while overcoming the above stated drawbacks.

Summary

The present application related to a universal tray for the
accommodation and transport of electrostatic discharge
sensitive devices comprising a foam block (1) which
comprises a flexible foam core (2) with an (3) integral
skin, wherein the material of the foam block comprises an

anti-static additive.

In one embodiment the anti-static additive 1is a carbon

black compound.

In another embodiment the core density value ranges between

150 and 190 kg/m3.
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In yet another embodiment the anti-static additive promotes
an electrostatic discharge property at the electrostatic

dissipative range surface resistance between 1050 and 108Q.

In one embodiment the universal tray presents both a smooth

surface or a convoluted surface with diversified features.

In another embodiment the universal tray presents the top
surface and bottom surface with variable surface

configurations.

The present application also relates to a process to obtain
the flexible foam with integral skin comprising the
following steps:

- Homogenisation of the polyol

- Mixing the polyol with an anti-static additive;

- Homogenisation of the mixture

- Addition of isocyanate to the previous mixture to

obtain the foam formulation;

- Homogenisation of the mixture;

- Pouring or injection of the formulation into a mould;

- The final product is demoulded and left to cure at

room temperature between 15° and 25°C.

In one embodiment the moulding temperature ranges between

40°C to 70°C.

In another embodiment the moulding time is between 15 to 25

minutes.

In yet another embodiment the polyol integrates the water

based blowing agent and all the compounds necessary.
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In one embodiment the polyol is selected from polyether or

polyester polyurethane foams.

In one embodiment the polyol is used in a gquantity ranging

between 70% and 80%.

In another embodiment the anti-static is used in a quantity

ranging between 4% and 10%.

In another embodiment the isocyanate 1is selected 1is

methylenebis (phenyl isocyanate) or toluene diisocyanate.

In yet another embodiment the isocyanate is used 1in a

quantity ranging between 20% and 30%.

General description

The solution disclosed herein provides a universal tray
based on a moulded integral skin flexible foam. Integral
flexible foams have the advantage of safely cushioning and
holding the electrostatic discharge sensitive devices
(ESDS), such as printed circuit Dboards, integrated
circuits, electronic components, within a tote box and a
1lid, protecting from shocks and wvibrations. In addition,
integral skin flexible foams are lightweight, resulting in
a weight reduction of the packaging system, and do not
require complex machinery to be moulded, reducing the
fabrication cost. The integration of electrostatic
dissipative properties is quite simple and doable during
the formulation of the foam. Also, with the proper material

selection and combination with the design structure, it is
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possible to provide universal application and hamper
unwanted movements of the ESDS within foam trays.
The main goal of this application is to present the method

and the universality of an integral skin flexible foam with

electrostatic dissipative properties for the safe
accommodation and transport of variable ESDS
configurations.

The present application discloses a universal tray based on
an integral skin flexible foam, with electrostatic
dissipative properties. With this approach it 1is possible
to circumvent a series of issues related to the presented
solutions of the prior art mainly due to its simplicity,
universality and reusability for variable ESDS
configurations, lightweight, possibility of direct contact
with the ESDS without damaging mechanically and

electrostatically, and simplified fabrication process.

The main improvements are:

- The present technology consists of a universal, simple,
lightweight and flexible tray made of flexible static
dissipative foam with integral skin, for the safe stow and
transport ESDS within tote box with a 1lid. This solution
simplifies both the fabrication and cleaning process and
assures a proper and safe stow of sensitive electronic
devices also while in transport;

- The use of an integral skin flexible foam modified to
present electrostatic discharge properties to build up a
universal tray allows reusability of the tray for wvariable
electronic products, while assuring the same safety in

terms of mechanical efforts and electrostatic discharges;

10
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- The use of a foam with integral skin increases product
lifetime and minimises the contamination probability of the
ESDS due to the release of small particle foams;

- The processing method for the universal tray is based in
foam moulding where the anti-static additive 1s integrated
into the polyol component and homogenised, followed by the
mixture with an adequate percentage of isocyanate which is

then injected into a mould where the foam grows and the
integral skin is formed. This processing method is simpler
and requires less equipment and shorter production times;

- The use of such material to fabricate stackable trays
improves the logistics associated by reducing lead times
due to process simplicity, reducing the total packaging
system quantity and weight, less allocated storage areas,

associated costs.

Brief description of drawings

For easier understanding of this application, figures are
attached in the annex that represent the preferred forms of
implementation which nevertheless are not intended to limit

the technique disclosed herein.

Figure 1 shows a cross sectional perspective view of a
possible design configuration for the universal tray. The
references are as follows: 1 - foam block, 2 - flexible
foam core, 3 - integral skin, 4 - laterals, 5 - top

surface, 6 — bottom surface.

Description of embodiments

Now, embodiments of the present application will be

described with reference to the annexed drawings. However,

11
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they are not 1intended to limit the scope of this
application.

The ©present application relates to a wuniversal and
versatile tray for ESDS.

A safe storage and transportation of ESDS is mandatory in
order to prevent premature damage. Most available solutions
are specific to a single ESDS, either Dby presenting
features that avoid contact with critical areas reducing
stress/strain efforts or, when in contact, by presenting
features that are cut to measure.

The present solution consists in a universal tray made of
electrostatic dissipative flexible foam with integral skin,
with a surface resistance between 105Q -108Q, to safely
store and transport ESDS within a packaging system.

The universal tray allows the direct contact with the ESDS
without causing excessive strain/stress over the fragile
components and solder Jjoints. In addition, due to the
simplified and universal design, the present technology can
be employed for any type of ESDS which allows a reduction
of the total number of stackable dedicated trays and
consequently, the total number of packaging systems and
allocated storage areas. This universality also improves
logistic as 1t consists of a simpler method that reduces
the typical lead times associated to the development and
fabrication of stackable dedicated trays, for each
individual ESDS configuration.

Regarding the manufacturing process, 1in comparison to
injected or thermoformed plastic trays, integral skin
flexible foams require simpler equipment, making the
process less complex, which contributes to the reduction of

costs.

12
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The technology disclosed herein is used to suitably
accommodate ESDS of the most wvarious configurations for
transport inside company facilities and even for shipping.
Such packaging solution assures the protection of the
product contained within from environmental effects e.qg.,
electrostatic discharges and fields, vibrations and shocks
which may lead to premature failure or malfunction. The
present technology is reused for the same part and, when
necessary, 1t also enables the safe packaging of different
configurations of ESDS without any extra step. This is
related to the universality achieved by the combination of

design features with material formulation.

The flexible foam with integral skin described herein is
made by a one-shot process involving over-packing in a
mould of a mixture of the polyol component, which includes
the water blowing agent, with an anti-static additive, and
an 1isocyanate reactive component for the reaction to occur
generating carbon dioxide which makes the foam grow. 1In
this case, the Dblowing agent 1is water Dbased which in
reaction with isocyanate generates carbon dioxide which
makes the foam grow.

The anti-static additive percentage, between 2% and 8%, 1is
such that assures an ESD property at the electrostatic
dissipative range, surface resistance between 105Q and

108Q.

The methodology to produce the flexible foam with integral
skin requires the thorough mixing, by means of a
conventional foam mixing machine or equivalent egquipment
high speed mixer, of the described ingredients in a liquid
state and 1in «critical ©proportions. The polyol varies

between 70% and 80%, isocyanate varies between 20% and 30%,

13
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and anti-static additive wvaries between 2% and 8%. The
defined critical proportions allow obtaining a flexible
foam with a high density integral skin and a core density
value ranging between 150 and 190 kg/m3. The homogenised
mixture 1is immediately poured/injected into the heated
cavity of a closed mould, at a temperature ranging between
40°C to 70°C. The shape of the mould cavity is identical to
the shape of the intended product and the surface
characteristics of the mould surface, either smooth or
patterned, is acquired by the expanding foam integral skin.
The reaction starts within a very short time, between 5 to
10 seconds since the beginning of mixture, from the
commencement of mixing, with the wvolatilization of the
blowing agent, thus beginning foam formation. The over-
packaging considered an amount of foam mixture from 1 to 3
times the amount which would form a foam equal in volume to
the volume of the mould cavity if allowed to expand. After
a pre-defined moulding time, between 15 to 25 minutes, the
fabricated foam is demoulded and left to finalize the cure
at room temperature, between 15 and 25°C, obtaining this
way, the universal tray.

The formulation for the flexible foam include: polyol such
as polyether or polyester poly-urethane foams, integrating
the blowing agent, such as water; the isocyanate such as
methylenebis (phenyl isocyanate) or toluene diisocyanate. In
one embodiment the anti-static additive 1s carbon black
compound.

The polyol is used in a quantity ranging between 70% and
80%. The anti-static is used in a quantity ranging between
4% and 10%. The isocyanate 1is used in a gquantity ranging

between 20% and 30%.

14
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The formulation for the production of the flexible foam
with integral skin is established as fixed, and the design
configuration may be wvariable, if necessary. Typically,
foam flexibility or rigidity is achieved by variations in
the formulation. In this application, the flexibility is
achieved by the wvariability of the design features and
dimensions, creating structures and patterns that provide
different compressive stress-strain behaviours, while the

remaining foam properties are maintained.

The method to obtain the flexible foam with integral skin

comprises the following steps:

- Polyol homogenisation;

- Mixing the polyol with an anti-static additive;

- Homogenisation of the mixture;

- Addition of 1isocyanate to the previous mixture to
obtain the foam formulation;

- Homogenisation of the mixture;

- Pouring or injection of the formulation into a mould;

- The final product is demoulded and left to cure at room

temperature.

In one embodiment the isocyanate selected from a list to
specifically react with the selected polyol, generating
carbon dioxide which makes the foam grow and is commonly
used for the production of flexible foams with integral

skin.

The mixture, beginning of the reaction, is performed within
a mixing chamber of the applicator which then injects the
mixed material into the mould, where the reaction continues
and the flexible foam hardens while forming the integral

skin.After a pre-defined moulding time, the fabricated foam

15
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is demoulded and left to cure. Once fully cured, it 1is
obtained the universal tray, suitable for all ESDS

configurations.

In this technology, the flexibility is achieved by the
variability of the design features and dimensions, creating
structures and patterns that provide different compressive
stress-strain behaviours, while the remaining foam

properties are maintained.

Figure 1 shows the present technology which consists of a
foam block (1) with a flexible foam core (2) and an
integral skin (3) and variable dimensions in accordance to
the packaging to be contained within.

The flexible foam block (1) presents all laterals (4) with
a smooth surface. In one embodiment, the top surface (5)
and the bottom surface (6) of the flexible foam block, they
present both a smooth surface or a convoluted surface with
diversified features. In another embodiment, the top
surface (5) and bottom surface (6) may present wvariable
surface configurations, e.g. top surface (5) smooth and
bottom surface (0) convoluted and vice versa. These
convoluted features may be, for example, cylindrical,
conical, pyramid, oval, cubic and with variable dimensions
regarding height, base area and draft angles, when
existent. The described features may protrude or groove
from the surface. In some cases, a single feature may be
replicated across the foam surface while in other
configurations, different features may be replicated

simultaneously along the foam surface.

The ability to configure the surface structure to best

accommodate variable configurations of ESDS, while in

16
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direct contact and without inferring damage, 1s greatly
advantageous as it allows the reusability of the present
invention to a multiplicity of ESDS and packaging systems.
The integral skin ©provides protection from possible
contamination and malfunction that could arise from foam
particles release, and associated with a flexible foam with
variable design configurations provides safe cushioning and
protection from mechanical damaging, e.g. shocks and
vibrations. Finally, an electrostatic formulation based in
the inclusion of an anti-static additive into the foam
formulation allows the protection of the ESDS from possible

electrostatic discharges and fields.

This description is of course not in any way restricted to
the forms of implementation presented herein and any person
with an average knowledge of the area can provide many
possibilities for modification thereof without departing
from the general 1dea as defined by the c¢laims. The
preferred forms of 1mplementation described above can
obviously be combined with each other. The following claims

further define the preferred forms of implementation.

17
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CLAIMS

1. Universal tray for the accommodation and transport of
electrostatic discharge sensitive devices comprising a
foam block (1) which comprises a flexible foam core (2)
with an (3) integral skin, wherein the material of the

foam block comprises an anti-static additive.

2. Universal tray according to the previous claim wherein

the anti-static additive is a carbon black compound.

3. Universal tray according to the previous claim, wherein
the core density wvalue ranges between 150 and 190

kg/m3.

4. Universal tray according to any of the previous claims,
wherein the anti-static additive promotes an
electrostatic discharge property at the electrostatic
dissipative range surface resistance between 105Q and

108Q.

5. Universal tray according to any of the previous claims,
wherein it presents both a smooth surface or a

convoluted surface with diversified features.

6. Universal tray according to any of the previous
claims, wherein it presents the top surface and bottom

surface with variable surface configurations.

7. Process to obtain the flexible foam with integral skin
described in claims 1 to 5, comprising the following
steps:

- Homogenisation of the polyol

18
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10.

11.

12.

13.

- Mixing the polyol with an anti-static additive;

- Homogenisation of the mixture

- Addition of isocyanate to the previous mixture to
obtain the foam formulation;

- Homogenisation of the mixture;

- Pouring or injection of the formulation into a mould;

- The final product is demoulded and left to cure at

room temperature between 15° and 25°C.

Process according to the previous claim, wherein the

moulding temperature ranges between 40°C to 70°C.

Process according to any of the claims 7 to 8, wherein

the moulding time is between 15 to 25 minutes.

Process according to the previous claim, wherein the
polyol integrates the water based blowing agent and all

the compounds necessary.

Process according to the previous any of the claims 7
to 10, wherein the polyol is selected from polyether or

polyester polyurethane foams.

Process according to any of the claims 7 to 11, wherein
the polyol 1is used in a quantity ranging between 70%

and 80%.

Process according to any of the claims 7 to 12, wherein
the anti-static 1s used in a quantity ranging between

4% and 10%.
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14.

15.

Process according to any of the claims 7 to 13, wherein
the isocyanate 1is selected 1is methylenebis (phenyl

isocyanate) or toluene diisocyanate.

Process according to any of the claims 7 to 14, wherein

the isocyanate 1is used in a gquantity ranging between

20% and 30%.
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