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COMPONENT STABILITY STRUCTURE

BACKGROUND

[0001] The present invention is related to an improved system for mounting
electronic components, and particularly multi-layered ceramic capacitors (MLCCs),
to a circuit board. More specifically, the present invention is related to an improved
system for mounting electronic component assemblies to a circuit board while
allowing for increased height to width ratios thereby augmenting ongoing efforts
related to miniaturization and space utilization.

[0002] Surface mount components become mechanically unstable when their
height to shortest width ratio exceeds about 3:1. Once this ratio of height to width is
exceeded the component may become unstable, or top heavy, and the likelihood of
toppling over during the assembly process, such as during the solder reflow process,
increases dramatically. Therefore, it is necessary for the component designer to
follow basic design rules to ensure that recommended height to width ratios are
followed. Miniaturization within the electronics industry is forcing designers to
consider new approaches in designs that increase the volumetric efficiency of every
component. Generally, miniaturization deals with the reduction in surface area the
component consumes when mounted to a circuit board. This has led to a desire to
utilize the vertical space, or Z-axis, extending perpendicular from the surface of the
circuit board thereby allowing small components to grow in height to at least the
height of the tallest component mounted on the circuit board. Space in the Z-axis is
typically under-utilized, primarily, because of the large number of defects and rework
required to correct for toppled components. Designers have a long standing desire

to maintain, or more preferably decrease, the footprint of each electronic component
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assembly, defined as the surface area of circuit board occupied, while increasing the
height to maximize performance and overall volumetric efficiency. Unfortunately,
these desires have been thwarted by conventional design standards created to
insure the component is structurally stable and that it will not topple over with any
induced shock or vibration during assembly. The practitioner has therefore been in a
design conundrum of having to accept less volumetric efficiency or having to accept
higher defects neither of which is satisfactory.

[0003] It is also desirable to maintain the use of surface mount configurations due
to the advantageous manufacturing and space considerations. Surface mount
configurations comprising solder pads wherein mating solder pads on the circuit
board and component are used to make both electrical and mechanical joints
thereby eliminating the need for conductive leads that extend through conductive
vias in the circuit board.

[0004] In spite of past efforts, those of skill in the art still desire a structure which
allows for increased height, perpendicular to the board, with decreases board
footprint without the yield loss due to rework caused by mechanical instability due to

the increased height. An improved component stability structure is provided herein.

SUMMARY

[0005] It is an object of the invention to provide an improved component stability
structure for electronic component assemblies comprising electronic components,
and particularly multi-layered ceramic capacitors, which allows for increased height
to width ratios, based on minimum width, with high yields and minimized circuit board

rework required.
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[0006] A particular feature of the invention is the ability to provide a component
stability structure which requires minimal circuit board redesign, especially, with
regards to the circuit trace designs.

[0007] These and other advantages, as will be realized, are provided in an
electronic component assembly comprising a stack of electronic components
wherein each electronic component comprises a face and external terminations. A
component stability structure is attached to at least one face. A circuit board is
provided wherein the circuit board comprises circuit traces arranged for electrical
engagement with the external terminations. The component stability structure
mechanically engages with the circuit board and inhibits the electronic device from
moving relative to the circuit board.

[0008] Yet another embodiment is provided in a method for forming an electronic
device comprising:

providing an electronic component assembly comprising:

a stack of electronic components wherein each electronic component comprises a
face and external terminations; and

a component stability structure attached to at least one face;

providing a circuit board comprising circuit traces arranged for electrical engagement
with the external terminations;

mechanically engaging the component stability structure with the circuit board to
inhibit the electronic device from moving relative to the circuit board; and
electrically connecting at least one external termination of the external terminations

to at least one circuit trace.

BRIEF DESCRIPTION OF DRAWINGS
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[0009] Fig. 1 is an embodiment of the invention in front side schematic view.
[0010] Fig. 2 is the embodiment of Fig. 1 in right side schematic view.

[0011] Fig. 3 is the embodiment of the invention in right side schematic view.
[0012] Fig. 4 is an embodiment of the invention in front side schematic view.
[0013] Fig. 5is an embodiment of the invention in front side schematic view.
[0014] Fig. 6 is an embodiment of the invention in top side schematic view.
[0015] Fig. 7 is an embodiment of the invention in front perspective schematic
view.

[0016] Fig. 8 is an embodiment of the invention in front side schematic view.
[0017] Fig. 9 is an embodiment of the invention in front side schematic view.

[0018] Fig. 10 is an embodiment of the invention in front side schematic view.

DESCRIPTION

[0019] The present invention is directed to an improved component stability
structure suitable for use with electronic component assemblies particularly
comprising multiple electronic components, more particularly stacked electronic
components and even more particularly MLCC'’s, with a high height to width ratio
based on the shortest width. More specifically, the present invention is related to a
component stability structure which allows for an increased volumetric density of
electronic component assemblies, relative to the footprint, with no or minimal
alteration of the circuit board and particularly no or minimal alteration of the
electronic circuit traces of the circuit board.

[0020] The invention will be described with reference to the figures forming an
integral non-limiting component of the disclosure. Throughout the description similar

elements will be numbered accordingly.
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[0021] An electronic component assembly attached to a circuit board of an
electronic device is illustrated in schematic front side view in Fig. 1. In Fig. 1, the
electronic component assembly, generally represented at 10, comprises a plurality of
electronic components, 12, which may be the same or different wherein each
electronic component has external terminations, 14, of opposite polarity. Four
electronic components are shown for the purposes of illustration without limit thereto.
Each electronic component may independently represent a multilayered ceramic
capacitor comprising parallel electrodes with dielectric there between wherein
adjacent electrodes terminate at external terminations of opposite polarity as well
known to those of skill in the art. Alternatively, each electronic component may
independently have layers which form a resistor, an inductor, a thermistor, a fuse or
an overvoltage protection component thereby providing resistivity, inductance, over-
voltage arcing, fusing, variable resistance or other functionality either singularly or in
combination with other functionality between external terminations. In particular, the
present invention may provide multiple functions either in a single electronic
component, or in commonly stacked electronic components, such as a fuse and an
MLCC or an over-voltage protection component and an MLCC, or other
combinations. The face, 16, of the electronic component, which is not part of the
external electrical termination, is suitable for attachment of the component stability
structure, 18, as will be more fully described herein. By attaching the component
stability structure to the faces of the electronic components, wherein the face is an
inert surface, defined as a surface which does not contribute to electrical
functionality, a portion of the component which is otherwise not utilized provides a
mechanical function thereby allowing for improved mounting capabilities without

altering the electrical properties or physical shape and size of the external
5
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termination or any lead frame attached thereto. An electronic component assembly
can be prepared which is surface mountable, with regards to electrical functionality,
and also mounted through the use of a component stability structure for mechanical
functionality.

[0022] With further reference to Fig. 1, the component stability structure, or an
element of the component stability structure such as a pin, extends perpendicular to
the surface of the circuit board and into a, preferably inert, via, 20, of the circuit
board, 22. The pin may have a cross-sectional shape which is round, rectangular,
oblong, obround, multi-faceted, such as a hexagon or octagon, or combinations
thereof and may be symmetrical or asymmetrical in cross-section. The via may
extend into or through the circuit board. An optional adhesive, 24, may secure the
component stability structure in the via even though friction fit or a close proximity fit
is preferred. The external terminations, 14, are in direct electrical contact with the
circuit traces, 26, such as by a solder, 28, or a lead frame as will be more fully
described herein. Direct electrical connection is defined herein as an electrical
connection without additional components wherein the two elements in direct
electrical connection such as by a solder joint. In Fig. 1, the external termination is in
direct electrical contact with the circuit trace.

[0023] The embodiment of Fig.1 is illustrated in schematic right side view in Fig. 2
wherein an adhesive, 30, is illustrated whereby the component stability structure is
preferably adhered to each face wherein the faces are not visible in this view.
[0024] An embodiment of the invention will be described with reference to Fig. 3
wherein the embodiment is illustrated in partial cut-away front view with a number of
stacked components designed by the superscript integer n. The number of

components in the stack may be quite large and preferably at least 2 to no more than
6
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15 are suitable for demonstration of the invention. More preferably, the number of
stacked components is 2-10 with 2-5 being most preferable. In Fig. 3, the
component stability structure, 18, comprises a multiplicity of pins, 181, which are
received in, preferably, separate vias of the circuit board. It would be realized that
one of skill in the art could utilize any number of pins on each component stability
structure.

[0025] An embodiment of the invention will be described with reference to Fig. 4
wherein the embodiment is illustrated in right side schematic view. In Fig. 4, the
component stability structure, 18, comprises a foot, 32, extending parallel to the
surface of the circuit board, 22, and resting on the surface of the circuit board as
opposed to a pin extending into a via of the circuit board. The component stability
structure can be in contact with the circuit board surface without adhesive or may be
adhered to the surface by an adhesive. The foot provides mechanical stability by
mechanical engagement with the circuit board thereby inhibiting the electronic
component assembly from moving relative to the circuit board. Mechanical
engagement of the foot or pin can be by an adhesive, by frictional resistance to
movement or by a catch mechanism as described further herein to include a physical
transformation of the pin such as a bend or an engagement with a land. A lead
frame, 35, in electrical contact with, preferably, all external terminations of common
polarity is in electrical contact with a circuit trace, 26, such as by a solder bond, 28.
The mechanical engagement between the component stability structure occurs prior
to electrical engagement and may remain or the component stability structure may
be removed after electrical engagement is complete.

[0026] An embodiment of the invention will be described with reference to Fig. 5

wherein the component stability structure, 18, extends around the stack of electronic
7
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components thereby forming a partial encasement. A stability protrusion, 34,
extends from the component stability structure and secures the stack of electronic
components in the partial encasement thereby potentially eliminating any adhesive
between the face and component stability structure. A stability protrusion can be
used on either side thereby providing a component stability structure which can be
flexed open, the stack inserted, and the component stability structure allowed to
relax with the stack of electronic components physically secured therein.

[0027] An embodiment of the invention is illustrated in top schematic top view in
Fig. 6. In Fig. 6, the component stability structure, 18, is an angle mounted such that
the long dimension is perpendicular to the circuit board. The component stability
structure provides lateral support thereby inhibiting the stack from tipping in either
direction. Depending on the application, and particularly time between placement
and soldering, the component stability structure may be secured to the circuit board,
such as by an adhesive, or gravity and lack of motion may be relied upon for the
stack of electronic components to remain in place until soldering and electrical
contact can be established. The component stability structure has no electrical
function and therefore the footprint of the component assembly can be enlarged, as
in Fig. 6, without electrical interference issues. Therefore, unlike lead frames, the
component stability structure of adjacent component assemblies can be quite close,
and even in contact, without detriment.

[0028] An embodiment of the invention is illustrated in side perspective view in
Fig. 7. InFig. 7, the component stability structure, 18, comprises a foot, 32, wherein
a pin, 182, is punched from the component stability structure.

[0029] Embodiments of the invention are illustrated in schematic side view in

Figs. 8-10 wherein mechanical constraints or clips are illustrated. In each figure an
8
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electronic component assembly, 10, comprising a stack of electronic components,
12, between component stability structures, 18, secured by adhesive, 30, is
illustrated. Extended pins, 46, are illustrated wherein extended pins are defined
herein as pins that extend through the via, 20, and protrude at least partially through
the circuit board, 22. In Fig. 8 the extended pins are crimped inboard, or towards
each other whereas in Fig. 9 the extended pins are crimped outboard. Each
electronic component assembly may comprise a single extended pin or multiple
extended pins. The length for the crimped pin design is preferably the board
thickness plus about 0.254 +/-0.0127 cm (0.100 +/-0.005 inches), this length can be
varied to accommodate equipment clinching capabilities.

[0030] An embodiment of the invention is illustrated in partial schematic view in
Fig. 10. In Fig. 10 the pin, 183, comprises a catch, 50, extending from the
termination of the pin at an angle. The circuit board or substrate, 22, comprises a
primary bore, 52, and a larger secondary bore, 54, intersecting the primary bore and
opposite the side on which the electronic component assembly is to be mounted.
The pin is preferably flared towards the catch and the catch, 50, is sufficiently small
to traverse the primary bore and when entering the secondary bore the catch
engages the land, 56, thereby securing the device in position. In one embodiment
the primary bore can be formed by drilling a first hole through the substrate with the
secondary bore formed thereafter with a larger drill passing only partially through the
circuit board and at least overlapping the primary bore. Alternatively, the catch can
pass through the substrate and engage the face of the substrate opposite the
component wherein the face functions as a land.

[0031] The component stability structure allows the component designers to take

advantage of the space above the circuit board to maximize the component’s
9
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volumetric efficiency by increasing the height of a component while maintaining or
reducing its footprint or surface area that it consumes on the circuit board. The
component stability structure provides mechanical support for various types of
component designs. The component stability structure is particularly suitable for use
with surface mount components having high width to height aspect ratios. The
component stability structure can be applied to stacks of components, and preferably
MLCC'’s, that have height to width ratios exceeding 2:1, more preferably exceeding
3:1 and even more preferably exceeding 4:1. Though not limited herein the height to
width ratio for most circuit designs, based on other considerations, is limited to about
10:1.

[0032] The component stability structure comprising a material selected from
metal, plastic and a temporary material. Non-conductive materials are preferred,
though not required, as non-conductive materials, particularly plastics, are typically
lower cost and lighter weight. Temporary materials are materials which can be
removed by thermal treatment, optical treatment or chemical treatment and are
particularly suitable as they can be utilized to secure the component assembly in
place and the removed after the component is secured. Particularly suitable
removable materials include thermoplastics.

[0033] The component stability structure may be attached to the face of the
electronic component by an adhesive such as an epoxy, an acrylate or silicone
adhesive.

[0034] The invention has been described with particular reference to preferred
embodiments without limit thereto. One of skill in the art would realize additional

embodiments and improvements which are not specifically enumerated but which
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are within the scope of the invention as specifically set forth in the claims appended

hereto.
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Claimed is:

1. An electronic component assembly comprising:

a stack of electronic components wherein each electronic component of said
electronic components comprises a face and external terminations;

a component stability structure attached to at least one said face;

a circuit board comprising circuit traces arranged for electrical engagement
with said external terminations; and

wherein said component stability structure mechanically engages with said
circuit board and inhibits said electronic device from moving relative to
said circuit board.

2. The electronic component assembly of claim 1 wherein said stack of
electronic components further comprises at least one lead in electrical contact
with at least one said external termination of said external terminations and at
least one circuit trace of said circuit traces.

3. The electronic component assembly of claim 1 wherein at least one said
external termination of said external terminations is in direct electrical contact
with at least one circuit trace of said circuit traces.

4. The electronic component assembly of claim 1 wherein at least one said
electronic component is a multilayered ceramic capacitor comprising parallel
internal electrodes with dielectric there between wherein adjacent internal
electrodes are in electrical contact with separate said external terminations.

. The electronic component assembly of claim 1 wherein at least one said
electronic component is selected from the group consisting of a resistor, an

inductor, a thermistor, a fuse and an overvoltage protection component.

12
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11.

12.

13.

14.

15.
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The electronic component assembly of claim 1 wherein said stack of
electronic components comprises at least 2 said electronic components.
The electronic component assembly of claim 6 wherein said stack of
electronic components comprises no more than 15 of said electronic
components.

The electronic component assembly of claim 7 wherein said stack of
electronic components comprises at least 2 to no more than 10 of said
electronic components.

The electronic component assembly of claim 8 wherein said stack of
electronic components comprises at least 2 to no more than 5 of said
electronic components.

The electronic component assembly of claim 1 wherein said component
stability structure comprises a foot extending parallel to a surface of said
circuit board.

The electronic component assembly of claim 1 wherein said component
stability structure comprises a pin extending perpendicular to a surface of said
circuit board.

The electronic component assembly of claim 11 wherein said pin extends at
least into a via of said circuit board.

The electronic component assembly of claim 12 wherein said via is an inert
via.

The electronic component assembly of claim 12 wherein said via comprises a
land.
The electronic component assembly of claim 12 wherein said pin comprises a

crimp.
13
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16.  The electronic component assembly of claim 15 wherein said pin comprises a
catch.

17.  The electronic component assembly of claim 15 wherein said pin comprises a
catch engageable with a land of said circuit board.

18.  The electronic component assembly of claim 17 wherein said land is in said
via.

19.  The electronic component assembly of claim 11 wherein said pin has a cross-
sectional shape selected from round, rectangular, oblong, obround, multi-
faceted, such as a hexagon or octagon, or combinations thereof.

20.  The electronic component assembly of claim 1 wherein said component
stability structure comprises a foot extending parallel to a surface of said
circuit board and a pin extending perpendicular to said surface of said circuit
board.

21.  The electronic component assembly of claim 1 wherein said component
stability structure comprising a material selected from metal, plastic and a
removable material.

22.  The electronic component assembly of claim 21 wherein said component
stability structure comprises a thermoplastic.

23.  The electronic component assembly of claim 1 further comprising an adhesive
between said component stability structure and said circuit board.

24.  The electronic component assembly of claim 23 wherein said adhesive is
selected from the group consisting of epoxies, acrylates, silicones.

25.  The electronic component assembly of claim 1 wherein said component

stability structure comprising a non-adhesive constraint.
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26.  The electronic component assembly of claim 25 wherein said non-adhesives
constraint is selected from a compressive mechanical constraint and a clip.

27.  The electronic component assembly of claim 1 wherein said component
stability partially encases said stack of electronic components.

28.  The electronic component assembly of claim 1 wherein said component
stability structure further comprises at least one stability protrusion.

29. A method for forming an electronic device comprising:
providing an electronic component assembly comprising:

a stack of electronic components wherein each electronic component
of said electronic components comprises a face and external
terminations; and

a component stability structure attached to at least one said face;

providing a circuit board comprising circuit traces arranged for electrical
engagement with said external terminations;
mechanically engaging said component stability structure with said circuit
board to inhibit said electronic device from moving relative to said
circuit board; and
electrically connecting at least one external termination of said external
terminations to at least one circuit trace of said circuit traces.
30.  The method for forming an electronic device of claim 29 further comprising
removing said component stability structure after said electrically connecting.
31.  The method for forming an electronic device of claim 29 wherein said
mechanically engaging comprises an engagement selected from the group

consisting of an adhesive, friction resistance and a catch mechanism.
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32.

33.

34.

35.

36.

37.

38.
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The method for forming an electronic device of claim 29 wherein said stack of
electronic component assembly further comprises at least one lead wherein
said lead is electronically connected to at least one circuit trace of said circuit
traces.

The method for forming an electronic device of claim 29 wherein said
electrically connecting comprises forming a direct electrical connection
between at least one said external termination of said external terminations
and at least one circuit trace of said circuit traces.

The method for forming an electronic device of claim 29 wherein at least one
said electronic component is a multilayered ceramic capacitor comprising
parallel internal electrodes with dielectric there between wherein adjacent
internal electrodes are in electrical contact with separate said external
terminations.

The method for forming an electronic device of claim 29 wherein at least one
said electronic component is selected from the group consisting of a resistor,
an inductor, a thermistor, a fuse and an overvoltage protection component.
The method for forming an electronic device of claim 29 wherein said stack of
electronic components comprises at least 2 of said electronic components.
The method for forming an electronic device of claim 36 wherein said stack of
electronic components comprises no more than 15 of said electronic
components.

The method for forming an electronic device of claim 37 wherein said stack of
electronic components comprises at least 2 to no more than 10 of said

electronic components.
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39.  The method for forming an electronic device of claim 38 wherein said stack of
electronic components comprises at least 2 to no more than 5 of said
electronic components

40. The method for forming an electronic device of claim 29 wherein said
component stability structure comprises a foot extending parallel to a surface
of said circuit board.

41.  The method for forming an electronic device of claim 29 wherein said
component stability structure comprises a pin extending perpendicular to a
surface of said circuit board.

42.  The method for forming an electronic device of claim 41 wherein said pin
extends at least into a via of said circuit board.

43.  The method for forming an electronic device of claim 42 wherein said via is an
inert via.

44, The method for forming an electronic device of claim 42 wherein said via
comprises a land.

45.  The method for forming an electronic device of claim 42 wherein said pin
comprises a crimp.

46.  The method for forming an electronic device of claim 45 wherein said pin
comprises a catch.

47.  The method for forming an electronic device of claim 45 wherein said pin
comprises a catch engageable with a land of said circuit board.

48.  The method for forming an electronic device of claim 47 wherein said land is

in said via.

17
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49.  The method for forming an electronic device of claim 41 wherein said pin has
a cross-sectional shape selected from round, rectangular, oblong, obround,
multi-faceted, such as a hexagon or octagon, or combinations thereof.

50.  The method for forming an electronic device of claim 29 wherein said
component stability structure comprises a foot extending parallel to a surface
of said circuit board and a pin extending perpendicular to said surface of said
circuit board.

51.  The method for forming an electronic device of claim 29 wherein said
component stability structure comprising a material selected from metal,
plastic and a removable material.

52.  The method for forming an electronic device of claim 51 wherein said
component stability structure comprises a thermoplastic.

53.  The method for forming an electronic device of claim 29 further comprising an
adhesive between said component stability structure and said circuit board.

54.  The method for forming an electronic device of claim 53 wherein said
adhesive is selected from the group consisting of epoxies, acrylates, silicones.

55. The method for forming an electronic device of claim 29 wherein said
component stability structure comprising a non-adhesives constraint.

56. The method for forming an electronic device of claim 55 wherein said non-
adhesives constraint is selected from a compressive mechanical constraint
and a clip.

57.  The method for forming an electronic device of claim 29 wherein said

component stability partially encases said stack of electronic components.
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58.  The method for forming an electronic device of claim 29 wherein said
component stability structure further comprises at least one stability

protrusion.

19
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