SEMICONDUCTOR STRUCTURE AND METHOD OF FABRICATING THE SAME

FIELD OF INVENTION

The invention relates to a semiconductor structure and a method of fabricating the same.

BACKGROUND

The emergence of electronic devices such as smart-phones, tablets and portable
computers has resulted in an increase in demand for high performance integrated circuits (ICs).
These electronic devices are continually moving toward higher functionality and size
miniaturization. in order to keep up with this trend, IC packages are becoming smaller, thinner and

more compact.

it is possible to reduce the size and thickness of IC packages by increasing wiring density
and reducing the thickness of substrates used in IC packages. However, as substrate thickness is
reduced, the substrate becomes more prone to damage (such as cracks or dents) during handling
and subsequent assembly process steps. This is especially prevalent when the material used for
the substrate has a high flexural modulus (in order to achieve a low coefficient of thermal
expansion (CTE)). This is more apparent as the size of the substrate increases to accommodate

more device units on each substrate in order to reduce manufacturing cost.

A need therefore exists to provide a semiconductor structure and a method of fabricating

the same that seeks to address at least one of the abovementioned problems.

SUMMARY

According to the first aspect of the invention, there is provided a semiconductor structure,
comprising: a discontinuous layer element comprising two or more discrete sections; one or more
supporting elements disposed on a first surface of the layer element wherein one supporting
element is disposed across each gap between adjacent discrete sections of the layer element, and
two or more anchoring elements disposed within the layer element and connected fo the one or
more supporting elements to couple the one or more supporting elements to the layer element to
strengthen the layer element, wherein each of the two or more anchoring elements comprises an
upper section and a lower section, wherein, relative to the lower section, the upper section has a
larger cross-sectional area in a plane parallel to the first surface of the layer element, the upper

section being connected to the one or more supporting elements.
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In an embodiment, a portion of at least one of the one or more anchoring
elements may be exposed on a second surface of the layer element, the second

surface being opposite the first surface.

In an embodiment, the semiconductor structure may further comprise one or
more reinforcement elements disposed on at least a portion. of the second surface of
the layer element, wherein the one or more anchoring elements may be connected to

the one or more reinforcement elements to couple the one or more remforcement

. elements to the layer element to further strengthen the layer element.

In an embodiment, the semiconductor structure may further comprise one or
more reinforcement elements disposed on at least a portion of the one or more

supporting elements to further strengthen the layer element.

In an embodiment, the one or more supporting elements may comprise a
magnetic material. The one or more supporting elements may further comprise a

coating, the coating being disposed over at least a portion of the magnetic material.

In an embodiment, the one or more supporting elements may be disposed at
an edge portlon of the layer element. In an embodiment, a portion of the one or more
supporting elements may extend beyond the edge of the layer element to define an

overhang portion. The overhang portion may comprise one or more through-holes.

In an embodiment, the layer element may comprise an insulating substrate

layer element having one or more electrical elements.

in an embodiment, the semiéonductor structure may comprise one supporting
element, wherein the one supporting element extends around the perimeter of the

carrier element.

in an embodiment, at least one of the one or more anchoring elements may

be a pillar or column.

In an embodiment, the semiconductor structure may further comprise a
further layer element; and one or more further anchoring elements may be disposed

within the further layer element and connected to the one or more anchoering



elements of the layer element to strengthen both the layer element and the further layer element.

According to the second aspect of the invention, there is provided method of fabricating a
semiconductor structure, the method comprising: forming two or more anchoring elements over a
carrier such that each of the two or more anchoring elements comprises an upper section and a
lower section, and such that, relative to the lower section, the upper section has a larger cross-
sectional area in a plane parallel to the first surface of the layer element; encapsulating the two or
more anchoring elements within a discontinuous layer element comprising two or more discrete
sections; and selectively etching the carrier to form one or more supporting elements such that the
one or more supporting elements are connected to the upper section of the respective two or more
anchoring elements and one supporting element is disposed across each gap between adjacent

discrete sections of the layer element.

In an embodiment, the method may further comprise forming one or more electrical

elements over the carrier.

In an embodiment, the method may further comprise forming one or more through-holes in

the one or more supporting elements.

In an embodiment, the method may further comprise planarizing the layer element to

expose at least a portion of at least one of the one or more anchoring elements.

In an embodiment, the method may further comprise forming one or more reinforcement

elements over at least a portion of the one or more exposed anchoring elements.

In an embodiment, the method may further comprise forming one or more reinforcement

elements over at least a portion of the one or more supporting elements.

In an embodiment, the method may further comprise forming a coating over at least a

portion of an inner magnetic core; the inner magnetic core and coating defining the carrier.

In an embodiment, the method may further comprise forming one or more dividing gaps in

the layer element.
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BRIEF-’DESCRIPTION OF THE DRAWINGS

Example embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description, by

way of example only, and in conjunction with the drawings, in which:

Fig. 1 is a cross-section view of a semiconductor structure, according to an

embodiment of the invention.

Fig. 2 is a cross-section view of a semiconductor structure, according to

another embodiment of the invention.

Fig. 3 is a cross-section view of a semiconductor structure, according to an

embodiment of the inventidn.

Fig. 4 is a cross-section view of a semiconductor structure, according to

another embodiment of the invention.

Fig. 5a, b and c is a top, bottom and enlarged view, respectively, of a

semiconductor structure, according to an embodiment of the invention.

Fig. 6 is a cross-section view of a semiconductor structure, according to

another embodiment of the invention.

Fig. 7 is a cross-section view of a semiconductor structure, according to a

further embodiment of the invention.

Fig. 8 is a cross-section view of a semiconductor structure, according to yet

another embodiment of the invention.

Fig. 9 is a cross-section view of a semiconductor structure, according to

another embodiment of the invention.

Fig. 10a, b and c is a top, bottom and enlarged view, respectively, of a

semiconductor structure, according to an embodiment of the invention.



Fig. 11 is a cross-section view of a semiconductor structure, according fo another

embodiment of the invention.

Fig. 12a — d are cross-section views of a semiconductor structure, according to

embodimeants of the invention.

Fig. 13z and b is a bottom and enlarged view, respectively, of a semiconductor structure,
g Y

according to an embodiment of the invention.

Fig. 14 is a cross-section view of a semiconductor structure, according to another

embodiment of the invention.

Fig. 15a and b is a top and bottom view, respectively, of a semiconductor structure,

according to an embodiment of the invention.

Figs. 16 a — f are cross-section diagrams illustrating the fabrication process of

semiconductor structures, according to an embodiment of the invention.

Figs. 17 a -~ e are cross-saction diagrams fHlustrating the fabrication process of

semiconductor structures, according to an embaodiment of the invention.

Figure 18 is a fiow chart iliustrating the steps of a method of fabricating a semiconductor

structure, according to an embaodiment of the invention.

DETAILED DESCRIPTION

Embodiments of the present invention will be described with reference 1o the drawings. Like

reference numerals and characters in the drawings refer to like elements or equivalents.

Fig. 1 is a schematic of a semiconductor structure, designated generally as reference
numeral 100, according to an embodiment of the present invention. The semiconducior structure
100 comprises a layer element 102; two supporting (stiffening) elements 104a / 104b disposed on
a first surface of the layer element 102; and two anchoring {locking) elements 106a / 106b
disposed within the layer element 102, and connected to the two supporting elements 104a / 104b,

respectively. The two anchoring elements 106a / 106b are connected to the two
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supporting elements 104a / 104b, respectively, to couple the two supporting
elements 104a/ 104b to the layer element 102. The supporting elements 104a/ 104b

-and anchoring elements 106a / 106b provide support for handhng and transportatlon ,

~and/or to:mechanically: strengthen / stifien the layer. element 102 In an embod|ment :

the layer element 102’ may be a carrier element.

The layer element 102 may be a part of or a whole of a substrate of the
semiconductor structure 100. The layer element 102 may comprise a plurality of
electricai elements (e.g. 110) ernbedded within a dielectric body or layer. There may
be one or more device units (e.g. 114a / 114b) defined in the substrate, each for
receiving one or'more semiconductor devices, e.g. an integrated circuit (IC) chip or a
passive component. At least one electrical element (in each device unit) may connect
the top surface of the layer element 102 to the bottom surface (through the layer
element 102). Each of the plurality of electrical elements may comprise ene or more
wiring traces (e.g. 111) and/or one or more vertical vias (e.g. 108). The wiring traces
rnay be lines or pads and the vertical vias may be studs, pillars or columns
(cylindrical or cuboid in shape). Preferably, the plurality of electrical elements (e.g'.

110) is isolated from one another.

The layer element may be configured to receive and connect with at least one
semiconductor device (not shown) on the top first surface (and/or the bottom second
surface) and routes the electrical signals from the semiconductor device to the
bottom second surface (and/or the top first surface) of the layer element via the
electrical elements. In an embodiment, the supporting elements (and the anchoring
elements) may be disposed away from énd/or circumvent the semiconductor device
so that they do not interfere with the attachment of the semiconductor device to the

layer element.

Although only two anchoring elements and two supporting elements are
shown in Fig. 1, in alternative embodiments, there may be one or more supporting
elements disposed over the layer element, and/or one or more anchoring elements

disposed within the layer element.

The supporting and anchoring elements may be disposed over a selected
segment on any part of the layer element depending on product requirements.
Preferably, the supporting and anchoring elements are disposed at an edge portion

of the layer element (i.e. around the periphery of the layer element). One anchoring
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element may be connected to one or more supporting elements. One supporting
element may be connected to one or more anchoring elements. The anchoring

elements are embedded within dielectric body of the layer element and anchor the

' supporting elements to the layer element.

in an embodiment, the anchoring elements 106a /‘ 106b may be completely
masked by the éupporting é\ements‘104a / 104b and non-exposed on the first
surface of the layer element 102. That is, the anchoring eleménts 106a / 106b extend
from the supporting elements 104a / 104b on the first surface of the layer element
102 towards the second surface of the layer element 102 through the dielectric body

of the layer element.

in Fig. 1, the anchoring elements 106a / 106b are embedded in the layer
element 102 such that one end (the base) of the anchoring element is exposed on a

second surface of the layer element, the second surface (i.e. bottom surface of layer

“element 102) being opposite the first surface (i.e. the top surface of the layer element

102). Thus, the thickness (i.e. height) of the anchoring elements 106a / 106b is equal
to that of the layer element 102.

Alternatively, as shown in Fig. 2, the anchoring elements 206a / 206b are
completely embedded in the layer element 202 such that the base portion of the
anchoring element is not exposed on the second surface of the layer element (i.e. the
bottom surface of the layer element 202). In other words, the thickness (i.e. height) of
the anchoring elements 206a / 206b is smaller than that of the layer element 202.

The supporting elementé (which are connected to the anchoring elements)
are coupled to the layer element to enhance the structural integrity of the layer
element to facilitate handling and subsequent assembly of IC chips. Accordingly,
embodiments of the present invention advantageously allow thinner and larger
substrates to be used, and may also minimize warpage of the substrate. The
supporting and anchoring elements may be separately assembled to the substrate or
formed as an integral part of the substrate during fabrication, and may adhere
strongly to the substrate in order to prevent detachment from the substrate during

subsequent processing.

The supporting elements may be cylindrical pillars or columns extending from

the anchoring elements away the layer element. Similarly, the anchoring elements
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may be cylindrical pillars or columns extending from the supporting elements into the
layer element. Other shapes are possible, s‘,uc'h as oval, diarhond, square,
rectangular, cross or T-shape. ‘Alternatively, the supporting ,elementsandlor the
anchorihg elements may be segmented or eonnected b_IoCks'(of Wal'l), .each spahning

in (horizontal) length on the layer element.

in an embodiment, the semiconductor structure may comprise one supporting
element‘in the form of a ring or a wall that extends partially / completely around the
perimeter of the layer element. A plurality of anchoring eiements, in the form of
cylindrical pillars, may be distributed along the length of the supporting element to
anchor the supporting element onto the layer element. In the case of a continuous
wall spanning along the peﬁphery of the 'layer element, the supporting element may
define one or more cavities with the layer element within which the device units of the ’
jayer element are located and circumvented by the supporting element. Each device

unit may receive and connect with at least one semiconductor device disposed within

- the cavity.

The anchoring element may further comprise at least two sections, an upper
section and a lower section as shown in Fig 1. In one embodiment,'the anchoring
element may be shaped like a rivet having a top cap as the upper section and a
vertical shaft as the lower section. The top cap has a larger width / diameter than that
of the vertical shaft. A plurality of rivets may be distributed partially / completely
around the perimeter of the layer element. This advantageously increases the area of
contact with the layer element to enhance the reliability of the semiconductor

structure.

In another embodiment, the upper section may be a block and the lower
section may be a plurality of pillars or columns distributed (in array) on the block and
extending from the upper section into the layer element. A plurality of segmented
blocks or a continuous block may be spanning along the periphery of the layer
element. When the supporting element is.in the form of a continuous wall, the upper

section (block) is covered and connected to the supporting element.

in an embodiment, the supporting elements 104a / 104b and the anchoring
elements 106a / 106b may be formed as an integral part of the layer element. The
anchoring elements may be embedded within the dielectric body of the layer element

and may be formed simultaneously with the electrical elements. in this way, the
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anchoring elements may have the same layered structure as the electrical elements.
Preferably, the supporting elements and anchoring elements are isolated from the
electrical elements. The plurality of électrical elements may comprise wiring traces
and/or,vvertical. vias. The wiring traces may be fines or pads and the vertical vias may

be studs, pillars or columns (cylindrical or cuboid).

in one embodimen_t, the semiconductor structure may comprise a substrate
formed by in part or in whole by one layer element. The layer elem.en_t has a first
surface and a second surface opposite the ﬁrst.surface. The wiring traces and
vertical vias are embedded within the dielectric body of the layer element such that
the thickness of the electrical element is equal or lesser than that of the dielectric
body. At least one vertical via may be connected to one wiring traces. Each wiring
trace has a top and bottom surfaces and each vertical via has a top end and a base
end. The top surfaces of the wiring traces are exposed on the first surface of the
tayer element and may be leveled or recessed (less than 15um depth) into the
dielectric body. The top ends of the vertical vias are connected to the bottom
surfaces of the wiring traces such that the vertical vias extend from the wiring traces
to the second surface of the layer element. The base ends of the vertical vias are
vexposed on the second surface of the layer element and may be leveled or recessed

(less than 15 um depth) into the dielectric body.

In an alternative embodiment, the semiconductor structure may comprise a
substrate formed by a plurality of layer elements (i.e. a “multilayer” substrate). Fig. 3
is. a schematic of a semiconductor structure, designated generally as reference
nurheral 300, comprising two layer elements 302 / 352, supporting elements 304a /
304b and anchoring elements 106a, 106b, 107a, 107b. Anchoring element 1OGé is
connected to supporting element 304a to couple the supporting element 304a to the
layer elements 302 / 352 to strengthen the layer elements 302 / 352. Similarly,
anchoring element 106b is connected to supporting element 304b to coupie the
supporting element 304b 1o the layer elements 302 / 352 io strengthen the layer
elements 302 / 352.

A plurality of anchoring elements may be embedded within the dielectric body
of each layer element. The anchoring elements in one layer element may be
disposed on and connected to the anchoring elements in the next layer element. As

shown in Fig. 3, anchoring elements 107a and 107b are connected to anchoring
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elements 106a and 106b, respectively. The shape or structure of the anchoﬁng

element in one layer element may be different from that of the other layer element.

Each layer element 302 / 352 may comprise'a plurality of wiring traces (e.g.
311) and/or vertical vias (e.g. 308) embedded within the dielectric body -or layer of

~ each of the two Iayer elements 302 / 352. The wiring traces may be lines or pads and

the vertical vias may be studs, pillars or columns (cylindrical or cuboid). The wiring
traces and vertical vias in each layer element form a plurality of electrical elements
(e.g. 310) that define at least one device unit (e.g. 314a / 314b) or an array of device

units in the substrate.

Eachylayer element 302 / 352 has a first surface and a second surface
opposite the first surface. The wiring traces and vertical vias of each layer element
are embedded within the dielectric body of each layer element such that the
thickness of the wiring trace and vertical via is equal or lesser than that of each
dielectric body. At Ieasf one vertical via may be connected to one wiring trace.in each
layer element. In each layer element, the wiring trace has a top and bottom surface
and the vertical via has a top end and a base end. The top surfaces of the wiring
traces are exposed on the first surface of the layer element and may be leveled or
recessed into the dielectric body. The top ends of the vertical vias are connected to
the bottom surfaces of the wiring traces such that the vertical vias extend from the
wiring traces to the second surface of the layer element. The base ends of the
vertical vias are exposed on the second surface of the layer element and may be

leveled or recessed into the dielectric body.

The plurality of layer elements 302 / 352 are disposed on or stacked on one
another such that the second surface of one layer element (e.g. 302) corresponds to
the first surface of a second layer element (e.g. 352). The electrical elements are
connected togefher such that the base end of the vertical vias of one layer element is
connected to the top surface of the wiring traces of the next layer elenﬁent. At least
one verti.cal via may be disposed between the wiring traces of two adjacent layer
elements. Conéequently, the electrical elements connect the first surface of the
uppermast layer element to the second surface of the lowermost layer element
(through the plurality of layer elements).

The anchoring elements may have the same layered structure as the

electrical elements in each layer element. in similar manner, anchoring element 106a
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may be disposed on or stacked on top of anchoring element 107a; and anchoring

element 106b may be disposed on or stacked on top of anchoring element 107b. ‘

An adhesion Iaye“r or film may be disposed between two layer elements such

that the adhesion layer interfaces between the first surface of one layer element and

~ the second surface of an adjacént layer element. The vertical vias in one layer

element may extend through the adhesion tayer to connect to the wiring trace of the
next layer element. Similarly, the anchoring element in one layer element may extend
through the adhesion layer to connect to the anchoring element of the next layer

element.

Fig. 4 is a schematic of a semico.nducto‘r structure, designated generally as
réference numeral 400, according to an embodiment of the present invention. In this
embodiment, a pbr‘tion of the supporting element may extend beyond the edge of the
layer element 402. The inner portion 404a’ of the supporting element 404a falls within
the projection planar area of the layer element 402. The inner portion 404a’ overlaps
(i.e. is superimposed on) and attaches to the layer element 402 and the anchoring
element 406a. The outer portion 404a” of the supporting element 404a falls outside
the projection planar area of the layer element 402. The outer portion 404a”
overhangs outside the periphery of the layer element 402 and advantageously
provides additional area for handling'_and clamping during subsequently assembly

with semiconductor devices.

Fig. 5a and b is a top and bottom view, respectively, of a semiconductor
structure, designated generally as reference numeral 500, according to an
embodiment of the present invention. The semiconductor structure 500 comprises a
layer element 502; supporting elements 504 disposed over the layer element 502;
and anchoring elements 506 (only visible in Fig. 5b; hidden below the supporting
elements 504 in Fig. 5a) disposed within the layer element 502, and connected to the A

supporting elements 504. The anchoring elements 506 are connected to the

. supporting elements 504 to couple the supporting elements 504 to the layer element

502 to strengthen the layer element 502. The inner portion of the supporting
elements fall within the projection planar area of the layer element 502. The inner
portion overlaps and attaches to the layer element 502 and the anchoring elements
506. The outer portion of the supporting elements falls outside the projection planar
area of the layer element 502. The outer portion overhangs outside the periphery of

the layer element 502 and advantageously provides additional area for handling and
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~ clamping during subsequently assembly with semiconductor devices. The layer

element 502 may be a substrate of the semiconductor étructure 500. There may be
one or more device units (e.g. 514a) defined in the substrate.

Fig. 5c is an enlarged viéw of a bottom portion of the semiconductor structure
500, according to an embodiment of the présent invention. The anchoring elements
506 may be arranged in a grid or an array. For example, as seen in Fig. 5¢, the
anchoring elements are arranged in three offset rows. The supporting and anchoring
elements are disposed around the layer element continuously to form a ring.
However, in another embodiment they may be disposed around the layer element

non-continuously.

In yet another embodiment, the layer element may be a pre-fabricated
substrate that is formed prior to the formation of the supporting elements and/or the
anchoring elements. The pre-fabricated substrate may be a bismaleimide-triazine
(BT) subs‘trate, ceramic substrate, flexible plastic substrate, pre-molded substrate or
printed circuit board (PCB). The supporting elements and the anchoring elements
may be attached to the layer elements by adhesive or mechanical means. For
instance, holes may be formed by laser or mechanical drilling into the substrate and
the .anchoring elements may be tightly-fitted into the drilled holes to attach the
supporting elements to the substrate (with or without adhesive). Preferably, the pre-
fabricated substrate comprises a plurality of wiring layers and the anchoring elements

extend though two or more wiring layers.

Fig. 6 is a schematic of a semiconductor structure, designated generally as
reference numeral 600, according to another embodiment of the present invention.
The semiconductor structure 600 comprises a layer element 602. The layer element
802 may be a pre-fabricated substrate. The anchoring elements 606a / 606b-are
embedded in the layer element 602 such that one end (e.g. the base) of the
anchoring element is exposed on a second surface (i.e. bottom surface) of the layer
element 602, the second surface being opposite the first surface (i.e. the top surface)
of the layer element 602. The thickness (i.e. height) of the anchoring elements 606a /
606b is equal or greater than that of the layer element 602.

Fig. 7 is a schematic of a semiconductor structure, désignated generally as
reference numeral 700, according to a further embodiment of the present invention.

The semiconductor structure 700 comprises a layer element 702. The layer element
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702 may be a pre-fabricated substrate. The anchoring elements 706a / 706b .are
completely embedded in the layer element 702 such that the base portion of the
anchoring ‘element is not exposed on the second surface (the bottom surface) of the
layer element 702. In other words, the thiékness (height) of the anchoring elements
706a / 706b is smaller than that of thie layer element 702.

Fig. 8 is a schematic of a semiconductor structure, designated generally as
reference numeral 800, according to yet another embodiment of the present
invention. The semiconductor structure 800 is  substantially the same as
semiconductor structure 200 described above, except that semiconductor structure

800 further comprises a surface trace wiring layer 830. The surface trace wiring layer

830 may be disposed on at least a portion of a second surface (the bottom surface)

of the layer element 802. The surface frace wiring layer 830 may be similar to the
wiring trace layer (e.g. 311) described above and may electrically connect at least
two electrical elements together. The surface trace wiring layer 830 may also connect
an'an.choring element (e.g. 806a) to an electrical element {e.g. 810) such that a
support element (e.g. 804a) may be electrically connected to the electrical element
via the anchoring element. As shown in Fig. 8, the supporting element may be
disposed in the central area of the layer element. Preferably in this case, the support
element may be a pillar or column and may be used for connection with an externél
chip or assembly disposed on top of the semiconductor structure. The surface trace
wiring layer 830 may comprise a plurality of traces connecting between the exposed
end of the anchoring elements and the electrical elements. Alternatively, the surface
trace wiring layer 830 may be a planar pad covering one or more anchoring elements

and/or one or more electrical elements.

Fig. 9 is a schematic of a semiconductor structure, designated generaklly as
reference numeral 900, according to another embodiment of the present invention.
The semiconductor structure 900 is substantially the same as semiconductor
structure 400 described above, except that the supporting elementé 904a / 904b
comprises a through-hole 960a / 960b that spans from the top surface of the
supporting element to the bottom surface. The through-hole 960a / 960b is preferably
formed on the outer portion of the supporting elements that overhangs outside the
periphery of the layer element 902. The through-holes 960a / 960b may be formed by

mechanical means (e.g. cutting or punching) or by etching.
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The through-holes 960a / 960b may function as positioning holes to facilitate
accurate alignment of the substrate during subsequent assembly with semiconductor
devices. The through-hole 960a / 960b may also function as a stress-distribution slot
/ hole for minimizing warpage of thg substrate before and after assembly with
semiconductor deyices. The through-hole 960a / 960b can be of any suitable shape,

including circular, oval, rectangular.

Fig. 10a and b is a top and bottom view, respectively, of a semiconductor
structure, designated generally as reference numeral 1000, according to an
embodiment of the present invention. Fig. 10c is an enlarged view of a bottom portion
of the semiconductor structure 1000. The semiconductor structure 1000 comprises a

layer element 1002; supporting elements 1004 dvisposed over the layer element

- 1002; and anchoring elements 1006 (only visible in Fig. 10b; hidden below the

supporting elements in Fig. 10a) disposed within the layer element 1002, and
connected to the supporting elements 1004. The anchoring elements 1006 are
connected to the supporting elements 1004 to couple the supporting elements 1004
to the layer element 1002 to strengthen the layer element 1002. The layer element
1002 may be a substrate of the semiconductor structire 1000. There may be one or
more device units (e.g. 1014a) defined in the substrate. The supporting elements
1004 comprise through-holes that span from the top surface of the supporting
elements to the bottom surface. The through-hole may be a positioning hole (e.g.
1062a / 1062b) to facilitate accurate alignment of the substrate during subsequent‘
assembly with semiconductor devices. The through-hole may be a siress-distribution
slot (e.g. 1064a / 1064b) for minimizing warpage of the substrate before and after
assembly with semiconductor devices. The through-hole may be aligned with and/or

offset from each other. Also, different through-holes may have different shapes.

Fig. 11 is a schematic of a semiconductor structure, designated generally as
reference numeral 1100, according to another embodiment of the present invention.
The semiconductor structure 1100 is substantially the same as semiconductor
structure 400 described above, except that the supporting elements 1104a / 1104b
may comprise an inner core 1166a / 1166b and an outer coating 1168a / 1168b. The
inner core 1166a / 1166b may comprise a magnetic material, such as steel. The
outer coating 1168a / 1168b covers at least a portion of the inner core 1166a / 1166b
and acts as an interface between the inner core 1166a / 1166b and the anchoring
elements 1106a / 1106b as well as the layer element 1102. The outer coating 1168a

/ 1168b preferably has a higher chemical and mechanical resistance than the inner
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core 1166a / 1166b and serves as a protective Iayef, to minimize corrosion and
damage to the inner core 1166a / 1166b. The outer coating 1168a / 1168b also
serves as an adhesion layer to imprave adhesion to the layer element 1102 and the
anchoring elements 1106a./.1106b. The outer coating 1168a / 1168b is preferably
made of copper, nickel, gold, palladium, titanium, chromium, or a combination of any

of the above elements disposed in layers.

" Fig. 12a is a schematic of a semiconductor structure, designated generally as
reference numeral 1200, according to another embodiment of the present invention.
The semiconductor structure 1200 is substantially the same as semiconductor
structure 1100 deséribed above, except’that the semiconductor structure 1200 further
comprises one or more reinforcement elements (e.g. 1270a / 1270b). The
reinforcement elements 1270a / 1270b are connecvted to the anchoring elements
1206a / 1206b, to couple the reinforcement elements 1270a / 1270b to the layer
element 1202 to further strengthen the layer element 1202. A portion (e.g. 1270a’ /
1270b") of the reinforcement elements 1270a / 1270b may be disposed on the
second surface of the layer element-1202 and may cover the base of the anchoring
elements 1206a / 1206b. Another portion (e.g. 1270a” / 1270b”) of the reinforcement
elements 1270a / 1270b may cover the sidewalls of the layer element 1202. The
reinforcemént elements 1270a / 1270b may be disposed around the periphery of the

layer element 1202 to form a ring (which may or may not be continuous).

As shown in Fig. 12b, a further portion (e.g. 1270a™ / 1270b™) of the
reinforcement elements 1270a / 1270b may also be disposed on and/or connected to
at least a portion of the supporting elements 1204a / 1204b to further strengthen the
layer element 1202. Preferably, the reinforcément elements 1270a / 1270b cover the
surfaces of the supporting elements 1204a / 1204b. In this way, the reinforcement
elements 1270a / 1270b anchor the supporting elements 1204a / 1204b more
strongly to the layer element 1202 to improve the rigidity and structural integrity of the

layer element 1202,

As shown in Fig. 12¢, the reinforcement element 1270 may cover the entire
underside of the layer element 1202 (i.e. the second surface of the layer element
1202) such that any exposed pads on the bottom surface of the layer element 1202
are covered. In this way, the reinforcement element 1270 anchors the supporting
elements 1204a/ 1204b even more strongly to the layer element 1202 to improve the

rigidity and structural integrity of the layer element 1202.
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As shown in Fig. 12d, a portion of the reinforcement elements 1270a / 1270b
may “be disposed on andfor connected to at least a portion of the supporting
elements 1204a / 1204b to further strengthen the layer element 1202. Preferably, the
reinforcement elements 1270a/ 1270b cover the surfaces of the supporting elements
1204a/ 1204b. In this way, the reinforcement elements 1270a / 1270b anchor the
supporting elements 1204a / 1204b more strongly to the layer element 1202 to
improve the rigidity and structural integrity of the layer element 1202. In this
embodiment, the reinforcement elements 1270a / 1270b do not extend along the

seccond surface of the layer element 1202.

The reinforcement elements are formed by disposing one or more layers of
material on the supporting elements and/or at least a portion of the layer element.
Preferably, the reinforcement elements comprise copper and formed by electroless
and/or electrolytic plating. Alternatively, the reinforcement elements may be external
clips or attachments that engage o'nto the supporting elements and/or the layer

element.

The reinforcement elements, as described in Fig. 12a, 12b, 12c and 12d, may
also be formed on the semiconductor structure comprising a plurality of layer
elements (e.g. Fig. 3). In this case, the sidewall refers to the sidewalls of the plurality
of layer elements together; the second surface refers to the second surface of the

lowermost layer element furthest away from the supporting elements.

Fig. 13a is a bottom view of a semiconductor structure, designated generally
as reference numeral 1300, according to an embodiment of the present invention.
Fig. 13b is an enlarged view of a bottom portion of the semiconductor structure 1300.
The semiconductor structure 1300 comprises a layer element 1302; supporting
elements 1304 disposed over the layer element 1302; and anchoring elements (not
visible; hidden below reinforcement element 1370) disposed within the layer element
1302, and connected to the supporting elerﬁents 1304. The anchoring elements are
connected to the supporting elements 1304 to couple the supporting elements 1304
to the layer element 1302 to strengthen the layer element 1302. The layér element
1302 may be a substrate of the semiconductor structure 1300. There may be one or
more device units (e.g. 1314a) defined in the substrate. The éupporting elements
1304 comprise through-holes that span from the top surface of the supporting

elements 1304 to the bottom surface. The through-hole may be a positioning hole
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(e.g. 1362) to facilitate accurate  alignment of the substrate during subsequent
assembly with semiconductor devices. The through-hole may be a stress-distribution
slot (e.g. 1364) for minimizing warpage of the substrate before and after assembly
with semiconductor devices. The reinforcement element 1370 may be disposed
around 'the periphery of the layer element 1302 to form a continuous ring. The
reinforcement element 1370 is connected to the anchoring elements, to couple the
“reinforcement elements 1370 to the layer element 1302 to further strengthen the
layer element 1302. In an embodiment, the reinforcement elément 1370 is

functionally similar to the supporting elements 1304,

Fig. 14 is a schematic of a semiconductor structure, designated generally as
reference numeral 1400, according to another embodiment of the present invention.
The semiconductor structure 1400 comprises a discontinuous layer element 1402;
three supporting elements 1404a / 1404b / 1404c disposed on a first surface of the
discontinuous layer element 1402; and four anchoring elements 1406a / 1406b /
1406c / 1406d disposed within the discontfinuous layer element 1402. Anchoring
element 1406a is connected to supporting element 1404a; anchoring elements
1406b / 1406¢ are connected to supporting element 1404b; and anchoring element
1406d is connected to supporting element 1404c. The anchoring elements are
connected to the supporting elements to couple the supporting elements to the
discontinuous tayer element 1402. The supporting elements and anchoring elements
provide support for handling and tranéportation, and/or to mechanically strengthen
the discontinuous layer element 1402. The discontinuous layer element 1402
comprises two or more discrete sections separated by one or more dividing gaps to
minimize Warpage of the discontinuous layer element 1402. In Fig. 14, one dividing

gap 1401 is shown.

Fig. 15a and b is a top and bottom view, respectively, of a semiconductor
structure, designated generally as reference numeral 1500, according -to an
embodiment of the present invention. The semiconductor structure 1500 comprises a
discontinuous layer element 1502; supporting elements 1504 disposed over the
discontinuous layer element 1502; and anchoring elements 1506 (only visible in Fig.
15b; hidden below the supporting elements in Fig. 15a) disposed within the
discontinuous layer element 1502, and connected to the supporting elements 1504. .

The anchoring elements 1506 are connected to the supporting elements 1504

to couple the supporting elements 1504 to the layer element 1502 to strengthen the
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layer element 1502. The layer element 15072 may ‘be a substrate of the
semiconductor structure 1500. There may be one or more device units (e.g. 1514a)
defined in the substrate. The device units may be arranged in groups to form an
array. For example, in Fig. 15a, thevr_e are four groups of device units, each group
consisting of nine device units. These thirty-six device units form an array of dévice

units.

The supporting elements 1504 comprise through-holes that span from the top
surface of the supporting elements to the bottom surface. The through-hole may be a
positioning hole (e.g. ‘1562a) to facilitate accurate alignment of the substrate during
subsequent assembly with semiconductor devices. The fhrough—hole may be also be
a stress-distribution slot (e.g. 1564a, 1564b, 1564c, 1564d) for minimizing warpage'

“of the substrate before and after assembly with semiconductor devices. The through-

hole may be aligned with and/or offset from each other. Also, different through-holes

may have différent shapes.

The layer element 1502 is discontinuous in the sense that there may be one
or more dividing gaps (e.g. 1501a / 1501b / 1501c¢) within the layer element 1502 to
divide the layer element 1502 into discrete sections 1503a / 1503b / 1503c / 1503d.

Each discrete section may comprise a group of device units.

Each discrete section 1503a / 1503b / 1503¢ / 1503d may be surrounded by a
plurality of anchoring elements 1506. The anchoring elements 1506 may not
completely surround the discrete section (i.e. there- may be gaps 1507a / 1507b). For
éxample, as shown in Fig. 15b, the anchoring elements 1506 are continuous aiong
two out of the four sides of the discrete section. The anchoring elements 1506 are
discontinuous along the other two sides of the discrete section. The layer element
1502 may be formed by molding and comprises a molding compound. The gaps (e.g.
1507a / 1507b) in the anchoring elements 1506 advantageously allow the moiding
compound to flow without hindrance from the anchoring elements 1506 during

formation of the layer element 1502.

Figs. 16 a — f are schematic cross-sectional diagrams illustrating the
fabrication process of semiconductor structures according to- embodiments of the

invention.
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Firstly, a conductive carrier is provided. Preferably, as shown in Fig. 16a, the
conductive carrier 1604 may comprise an inner core 1666 and an outer coating 1668.
The inner core 1666 comprises a magnetic material such as steel, and the outer
coating 1668 comprises a corrosion resistant material such as copper. The outer
coating 1668 may have a higher chemical resistance than the inner core 1666. The
inner core 1666 may be mechanically stronger than the outer coating- 1668.
Alternatively, the conductive carrier may be é homogenous metal plate comprising
copper, aluminum or iron. In yet another embodiment, the inner core comprises iron

and the outer coating comprises nickel and/or copper. -

Next, as shown in Fig. 16b, a plurality of anchoring elements (e.g. 1606a‘/
1606b) and a plurality of electrical elements (e.g. 1610) are formed on the conductive
carrier 1604, preferably near and around the periphery of the conductive carrier
1604. The anchoring elements are preferabiy formed at pre-determined locations,
e.g. locations where supporting elements are to be subsequently formed. The
anchoring elements 1606a / 1606b and the electrical elements (e.g. 1610) may be

formed by photolithography (e.g. via lamination, "exposure, stripping) to create

- respective patterned features on a photo-sensitive layer. The anchoring elements

1606a / 1606b and electrical elements (e.g. 1610) may be formed using the
patterned features by full-additive, semi-additive or subtractive ‘plating processes,
e.g. electroless or electrolytic plating in combination with suitable etching processes.
In an exemplary method, a photo—sensitive layer is disposed on the conductive
carrier and patterned to create openings corresponding to the locations of the
anchoring and/or electrical elements to bé disposed on the conductive carrier. Using
the conductive carrier as a conductive plane, the anchoring and/or electrical
elements are electroplated in the_opehings. The photo-sensitive layer is subsequently

removed from the conductive carrier.

The electrical elements (e.g. 1610) are preferably formed simultanecusly with
the anchoring elements 1606a / 1606b. Each.of the electrical elements (e.g. 1610)
may comprise a wiring trace (e.g. 1611) and/or a vertical pillar (e.g. 1608). The
anchoring elements 1606a / 1606b may have the same structure as the electrical
elements (e.g. 1610) and surround the electrical elements (e.g. 1610) on the

conductive carrier 1604.

Alternatively, the anchoring elements 1606a / 1606b and electrical elements

(e.g. 1610) may be formed sequentially by repeating the steps of photolithography
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and plating. This way, different heights and structures between the' anchoring
elements 1606a / 1606b and the electrical elements (e.g. 1610) may be achieved.

The anchoring elements 1606a / 1606b and the electrical elements (e.g.
1610) may be formed of conductive materials such as copper, nickel, gold, palladium,
tin or combinations thereof. Preferably, the anchoring elements and the electrical

elements are formed of the same materials.

Thereafter, as shown in Fig. 16c, a Iayer element 1602 (e.g. an insulating
layer element) is formed. The layer element 1602 comprises a first surface 1602’
interfacing with the conductive carrier 1604 and a second surface 1602” opposite to
the first surface 1602". The layef element 1602 encapsulates the anchoring elements
1606a / 1606b and the electrical elements (e:g. 1610) between the first 1602’ and

second surfaces 1602”.

The layer element 1602 may be formed by rholding, lamination, screen-

printing or spin-coating. The layer element 1602 may comprise a molding compound

-or glass-reinforced epoxy laminate; a thermosetting polymer material such as epoxy

resins, acrylic resins, polyimides, bismaleimide triazine; or a thermoplastic polymer
material such as fluoropolymers, polyamides, polyethylene; and may further

comprise inorganic fillers such as silica or ceramic.

In an embodiment, the layer element 1602 is preferably formed by molding
(e.g. compression, injection, transfer). A mold tool (not shown) comprising a top
chase and a bottom chase is provided. The top chase comprises a recessed portion
that forms a cavity with the conductive carrier. The anchoring elements and the
electrical elements are enclosed within the cavity.  Preferably, the area of the cavity is
smalier than and confined within the area of the condubtive carrier such that the top
chase is in contact with an overlapping portion of the conductive carrier. The bottom
chase clamps the overlapping portion of the conductive carrier against the fop chase

to seal the cavity.

The mold tool may comprise a plurality of runners and gates connected to the
sealed cavity to allow a fluid molding compound to be injected into the cavity. The
molding compound may be pre-heated to a molten state prior to infusi'ng into the
sealed cavity at high pressure to completely pack the cavity. The molten molding

compound encapsulates the anchoring elements ‘and the electrical elements.
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Subsequently ‘the molding compound is allowed to cure and solidify to form a
dielectric layer. The assembly comprising the conductive carrier with the-dielectric
layer is removed from the mold tool, as shown in Fig. 16¢c. Post heat treatment may

be needed to fully cure the dielectric layer.

“The height of the cavity may be greater than that of the anchorihg elements
and the electrical elements such the dielectric layer that is formed completely
encapsulates the anchoring elements 1606a / 1606b and the electrical elements (e.g.
1610), as shown in Fig. 16¢. Thereafter, as shown in Fig. 16d, part of the dielectric
layer is removed by grinding, polishing; buffing or etching to expose the base of the
electrical elements (e.g. 1610). In this way, the electrical elements (e.g. 1610)
connect the first surface 1602 to the 'second surface 1602”-and a fayer element 1602
is formed. Preferably, the base of the anchoring elements 1606a / 1606b are also
exposed on the second surface 1602". The layer element 1602, the anchoring
elements 1606a / 1606b and the electrical elements (e.g. 1610) may be further

thinned down ,altogether to achieve the required thickness and evenness.

The cavity defines the dimension and position of the layer element on the
conductive carrier. The area of the layer element 1602 is preferably equal to or
smaller, and confined within the area of the conductive carrier 1604. The edge of the

conductive carrier 1604 lies on or outside the boundary of the layer element 1602.-

in an aiternative embodiment, the top chase may comprise a plurality of
recessed portions that form a plurality of cavities with the conductive carrier.
Consequently, the dielectric layer that is formed is segmented into numerous blocks
separated by a dividing gap and held together by the conductive carrier (as may be
seen in Fig. 14, 15a, 15b). The number of dielectric layer biocks is equal to the
number of -cavities. Each dielectric layer block preferably has its corresponding

anchoring elements disposed along its periphery.

Typically, after the step of encapsulating the electrical and anchoring
elements, warpage of the assembly may occur due to mismatch in material
properties between the conductive carriér and the-dielectric layer. In order to achieve
the flatness required during grinding, the assembly has to be clamped down flatly

and tightly without contacting the dielectric layer.
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In an embodiment, part of the dielectric layer is removed by grinding with the
conductive carrier being magnetically held in place. An electromagnetic or a
permanent magnet work plane (not shown) is provided. The conductive carrier,

compriéing a magnetic material such as steel, is disposed on the work plane and

~magnetically held in position. The magnetic force (field) may encompass.an entire =~ -

area of the conductive carrier such that the conductive carrier, including the areas
below the dielectric layer, is magnetically attached to and in contact with the work
plane. This helps to achieve the planarity of the layer element with minimal risk of

damaging during grinding or other means of mechanical removal.

Alterhatively, without using magnetic materials, the conductive carrier may be
held in place by mechanically c|am-ping the areas of the conductive carrier not
covered by the dielectric layer to the work plane. These areas are preferably located
along the periphery of the conductive carrier'and outside the area of the dielectric

layer.

With the conductive carrier held in place magnetically or mechanically, the
grinding tool, in the form of a wheel, cylinder, barrel or disc, is brought into contact
with the dielectric layer to begin the process of removal and exposing the electrical

and anchoring elements.

In an alternative embodiment, a thin compréssible polymeric sheet may be
disposed on the top chase of the cavity. The heigh.t of the cavity is substantially equal
to that of the anchoring and electrical elements such that the anchoring and electrical
elements contact and compress into the polymeric sheet when they are enclosed ih
the cavity. The mold compound is subsequentiy infused into the cavity to encapsulate
the anchoring and electrical elements. The finished assembly comprising the
conductive carrier, the dielectric layer and the polymeric sheet is removed from the
mold tool after the mold compound cures and solidifies. The polymeric sheet is
removed to form the layer element which exposes the base of the electrical elements

and anchoring elements.

The above steps of forming the electrical elements, the anchoring elements
and the dielectric layer-may be repeated to form a plurality of layer elements stacked
on one another for higher density applications. The electrical elements in one layer

element are connected to the electrical elements in the adjacent layers. Similarly, the
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anchoring elements in one layer are connected to the anchoring elements in the

adjacent layers.

Next, one or more supporting elements 1604a / 1604b (as shown in Fig. 16e)

’ may"be;_ formed by selectively removing portion(s) of the conductive carrier 1604. The

pesition of the supporting elements 1604a / 1604b is ‘substantially aligned with that of - -
the anchoring elements 1608a / 1606b (formed in an earlier step) such that the
anchoring elements 1606a / 1606b are connected to and anchor the supporting
elements 1604a / 1604b to the layer element 1602. Consequently, after selectively
removing the conductive carrier 1604, the electrical elements (e.g. 1610) and a

portion of the first surface of the layer element 1602 are exposed. Preferably, the top

- of the electrical elements are embedded within the first surface 1602’ of the layer

element.

In a preferred embodiment, one or more portions of the conductive carrier
1604 which overlie the layer element 1602 are removed to form one or more first
openings 1698 exposing the electrical elements (e.g. 1610) and a portion of the first
surface 1602’ of the layer element. The remaining part of the conductive carrier is
preferably connected and forrﬁs a continuous carrier ring extending along the
periphery of the layer element. In an embodiment, when two or more first openings
are formed, a truss element is formed from the remaining part of the conductive
carrier which connects two opposite points of the carrier ring. The truss element can.

be considered as an extension of the supporting elements. An example of a truss

. element is shown as reference numeral 1599 in Fig. 15a.

The carrier ring is preferably formed by selectively etching away the
conductive carrier using chemical methods. A portion of the carrier ring overiies the
layer element 1602 and the anchoring elements 1606a / 1606b. The portion of the
carrier ring is connected to the anchoring elements 1606a / 1606b along the
periphery of the layer element 1602. In.this way, the carrier ring acts as a single
continuous supporting element and is coupled to the layer element 1602 with the
anchoring_eiements 1606a / 1606b to strengthen the layer element 1602,

ina preferred embodiment, the area of the layer element 1602 is smaller than
that of the conductive carrier 1604. Thus, part of the conductive layer lies outside the
area of the layer element. For example, see Fig. 16e. Consequently, afier removing

portion(s} of the conductive carrier overlying the layer element 1602, a part of the
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carrier ring overhangs outside the periphery of the layer element 1602 to form an
overhang portion.

As shown in Fig. 16f, a plurality of second openings (e.g. 1660a / 1660b) may
be"fbfmed by removing a portion of the overhang portion of the carrier ring.
Preferably, the first and second o'pénings may be formed simultaneously. The
pluraiity of second openings 1660a / 1660b form fhrough-holes and/or slots around

the carrier ring.

A semiconductor structure comprising a layer element with supporting and
anchoring elements is thus formed. The anchoring elements couple the supporting
elements (i.e. the carrier ring) to the layer element to strengthen the layer element.
As such, a thinner and larger layer element may be fabricated and handled with

minimal risk of mechanical damage.

In a-further embodiment, prior to removing a portion of the conductive carrier
to form the supporting elements (i.e. Fig. 16e), a cladding layer 1770 may be formed.
Preferably, as shown in Fig. 17a, the cladding layer 1770 completely envelopes the
conductive carrier 1704 and the layer element 1702, including the top surface and
the sidewall of the conductive carrier 1704; the second surface and-the sidewall of
the layer element 1702& and the base surface of the electrical elements (e.g. 1710)
and anchoring elements 1706a / 1706b. The sidewall of the conductive carrier 1704
extends vertically between the top and bottom surface of the conductive carrier 1704.
The sidewall of the'layer element 1702 extends vertically between the first surface

and the second surface of the layer element 1702. Preferably, if the area of the

. conductive carrier 1704 is larger than that of the layer element 1702, the cladding

fayer 1770 also covers a (exposed) bottom surface of the conductive carrier 1704.

| Alternatively, the cladding layer 1770 may only cover the second surface of
the layer element, the sidewall of the layer element and the (exposed) bottom surface
of the conductive carrier that is adjacent to the layer element. Consequently, the
cladding layer 1770 forms a conductive plane that connects to the base of the
electrical elements and anchoring elements exposed on the second surface of the

tayer element.

Preferably, the cladding layer 1770 is formed by electroless or electrolytic

plating. A thin conductive film may be disposed on the target surface to act as a seed
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layer for subsequent plating to thicken (build up) the cladding layer. Alternatively it
may be formed by sputtering, spray coating or dip coating. The cladding layer
preferably comprises a conductive material such as copper or nickel. Alternatively it

may comprise a polymeric material.

Thereafter, a portion of the éohductive carrier 1704 and a portion of the
cladding layer 1770 are removed o expose the electricél elements (e.g. 1710) on the
first surface of the layer element 1702. The remaining portion of the conductive
carrier 1704 forms the supporting element(s) and the remaining portion of the
cladding layer 1770 forms a reinforcement element 1772, as shown in Fig. 17b. The
reinforcement element 1772 covers the second surface of the layer element 1702,
the (exposed) base of the electribal elements (e.g. 1710) and anchoring elements
1706a / 1706b, the sidewall of the layer element 1702 extending vertically between
the second surface and the first surface, and portions of the supporting elements. In
particular, if the supporting element is in the form of a carrier ring as described
above, the reinforcement layer 1772 covers the top and (exposed) bottom surface of
the carrier ring, the outer sidewall of the carrier ring extending vertically between the
top and bottom surface of the carrier ring. The outer sidewall may either lie outside

(i.e. overhangs) or is in-line with the edge of the layer element.

Preferably, if the electrical elements are isolated from one another, the
reinforcement element may act as a conductive plane to electrically connect the
eleétrical elements together and also to connect to the support elements. The
conductive plane enables further disposition of material on the exposed electrical
elements on the first surface and/or the support elements by electroplating using the

conductive plane as a common electrical transfer path.

The base of the electrical elements (e.g. 1710) may be exposed (e.g. by
chemical etching) by removing a portion of the reinforcement element 1772 on the
second surface of the layer element 1702, as shown in Fig. 17c, such that the base .
of the electrical element and the second surface of the iayer element 1702” may be
exposed. The remaining pottion of the reinforcement element 1772 covers the base
of the anchoring elements 1706a / 1706b and preferably forms a ring around the
layer element 1702. This structure is substantially the same as the one shown in Fig.
12b above.
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In another embodiment, as shown in Fig. 17d, in addition to the second
surface of the layer element 1702" being partially exposed, the carrier ring 1704a /
1704b may also be exposed (partially or wholly) by removing further portions of the
reinforcement element 1772. This structure is substantially the same as the one

showr in Fig. 1 2a above.

In another embodiment, és shown in Fig. 17e, the reinforcement element
1772 is formed only over the carrier ring 1704a / 1704b by removing other portions of
the reinforcement element 1772. In other words, the second surface of the layer
element 1702 is fully exposed and a portion of the sidewall of the layer element
1702 that extends vertically between the first surface 1702’ and the second surface
1702” of the layer element 1702 is partially exposed by removing selected portions of
the reinforcement element 1770. This structure is substantially the same as the one

shown in Fig. 12d above.

In yet another embodiment, prior to thinning the dielectric layer to expose the
base of the electrical elements and the anchoring elements and form the layer
element {similar to the method corresponding to Fig. 16d described above), the
cladding layer may be formed only on the conductive carrier to strengthen the
assembly and facilitate handing during the subsequent processes. The dielectric
layer remains uncovered to facilitate the process of grinding. Thus after removing a
portion of the dielectric layer to form the layer element and a portion of the
conductive carrier to form the carrier ring, the structure as shown in Fig. 12d may be

obtained.

Advantageously, with the formation of the cladding layer and/or - the
reinforcement elements (more than 10um), the inner core of the conductive carrier
may be further protected and strengthened for processing and handling. The outer
coating of the conductive layer may also be kept to a minimal requirement (less than
5um thickness). This facilitates the ease of removing the conductive carrier to expose
the plurality of electric elements and form the supporting elements. in addition, it also
improves the yield of semiconductor structures having electrical elements with fine

features exposed on the surface of the layer element.

Figure 18 is a flow chart 1800 illustrating the steps of a method of fabricating
a semiconductor structure, according to an embodiment of the invention. At step

1802, one or more anchoring elements are formed over a carrier. At step 1804, the
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one or more anchoring elements are encapsulated within a layer element. At step -

1806, the carrier is selectively etched to form one or more supporting elements.

It will be appreciated by a person skilled in the art that numerous variations
and/or ' modificatiohs nﬁay be made to the present invention as shown in ‘the
embodiments without de‘partihg from-a spirit or scope of the invention as broadly
described. For example, the anchoring eléments may be formed or disposed along
the sidewalls of the layer element to couple or clamp the supporting elements to the
layer element. The anchoring elements may be partially exposéd on the sides of the
dielectric body of the layer element. This is still within the scope of the invention. The
embodiments are, theréfore, to be considered in all respects to be illustrative and not

restrictive.
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CLAIMS

1. A semiconductor structure, comprising:

a discontinuous layer element comprising two or more discrete sections;

one or more supporting elements disposed on a first surface of the layer element
wherein one supporting element is disposed across each gap between adjacent discrete
sections of the layer element, and

two or more anchoring elements disposed within the layer element and connected to the
one or more supporting elements to couple the one or more supporting elements to the layer
element to strengthen the layer element,

wherein each of the two or more anchoring elements comprises an upper section and a
lower section,

wherein, relative to the lower section, the upper section has a larger cross-sectional area
in a plane parallel to the first surface of the layer element, the upper section being connected to

the one or more supporting elements.

2. The semiconductor structure as claimed in claim 1, wherein a portion of at least one of
the two or more anchoring elements is exposed cn a second surface of the layer element, the

second surface being opposite the first surface.

3. The semiconductor structure as claimed in claim 2, further comprising one or more
reinforcement elements disposed on at least a portion of the second surface of the layer
element, wherein the two or more anchoring elements are connected to the one or more
reinforcement elements to couple the one or more reinforcement elements to the layer element

to further strengthen the layer element.

4, The semiconductor structure as claimed in claim 1, further comprising one or more
reinforcement elements disposed on at least a portion of the one or more supporting eiements
to further strengthen the layer element.

5. The semiconductor structure as claimed in claim 1, wherein the one or more supporting

elements comprise a magnetic material.
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6. The semiconductor structure as claimed in claim 5, wherein the one or more supporting
elements further comprise a coating, the coating being disposed over at least a portion of the

magnetic material.

7. The semiconductor structure as claimed in claim 1, wherein the one or more supporting

elements are disposed at an edge portion of the layer element.

8. The semiconductor structure as claimed claim 7, wherein a portion of the one or more
supporting elements extend beyond the edge of the layer element to define an overhang

portion.

9. The semiconductor structure as claimed in claim 8, wherein the overhang portion

comprises one or more through-holes.

10. The semiconductor structure as claimed in claim 1, wherein the layer element comprises

an insulating substrate layer element having one or more electrical elements.

1. The semiconductor structure as claimed in claim 1, comprising one supporting element,

wherein the one supporting element extends around a perimeter of the layer element.

12. The semiconductor structure as claimed in claim 1, wherein at least one of the two or

more anchoring elements is a pillar or column.

13. The semiconductor structure as claimed in claim 1, further comprising:

a further layer element; and

one or more further anchoring elements disposed within the further layer element and
connected to the two or more anchoring elements of the layer element to strengthen both the

layer element and the further layer element.

14, A method of fabricating a semiconductor structure, the method comprising:

forming two or more anchoring elements over a carrier such that each of the two or more
anchoring elements comprises an upper section and a lower section, and such that, relative 1o
the lower section, the upper section has a larger cross-sectional area in a plane parallel to the

first surface of the layer element;
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encapsulating the two or more anchoring elements within a discontinuous layer element
comprising two or more discrete sections; and

selectively etching the carrier to form one or mare supporting elements such that the one
or more supporting elements are connected to the upper section of the respective two or more
anchoring elements and one supporting element is disposed across each gap between adjacent

discrete sections of the layer element.

15. The method as claimed in claim 14, further comprising forming one or more electrical

elements over the carrier.

16. The method as claimed in claim 14, further comprising forming one or more through-

holes in the one or more supporting elements.

17. The method as claimed in claim 14, further comprising planarizing the layer element to

expose at least a portion of at least one of the two or more anchoring elements.

18. The method as claimed in claim 17, wherein planarizing the layer element comprises

magnetically securing the carrier to a work plane.

19. The method as claimed in claim 18, wherein magnetically securing the carrier to a work
plane comprises disposing the carrier comprising a magnetic material on the work plane

comprising an electromagnet of permanent magnet.

20. The method as claimed in claim 17, further comprising forming one or more

reinforcement elements aver at least a portion of the two or more exposed anchoring elements.

21. The method as claimed in claim 14, further comprising forming one or more

reinforcement elements over at least a portion of the one or more supporting elements.

22. The method as claimed in claim 14, further comprising forming a coating over at least a

portion of an inner magnetic core; the inner magnetic core and coating defining the carrier.

23. The method as claimed in claims 14, further comprising forming one or more dividing

gaps in the layer element.



