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DIE SUPPORT STRUCTURE

B _ E N
The invention relates to a method of forming a packaged semiconductor

.device and the resulting structure.

DESCRIPTION OF RELATED ART

In some types of semiconductor die packaging a die is secured to the
surface of a die support structure. Electrical connections are made between the
die and the support structure. The die, electrical connections, and at least a part

of the support structure are covered with an encapsulating material to form a

- semiconductor package. Leads extend from the package for electrical connection

to any external circuit. The package is generally secured to a printed circuit
boara or other mounting substrate when in use. One method of reducing the
thickness of a conventional semiconductor device pa;kage is to use a thin die
support structure. A thin support structure is generally about 50 microns to 75
micrpns thick while a conventional support structure is typically about 200
microns thick. However, a thin support structure is typically about- 100 % more
expensive than a conventional thicker structure and thus increases the cost of
packaged semiconductor devices. Another disadvantage of a thin support
structure is that during fabrication the thin structure flexes and/or bows more

than a thicker structure. This bowing or flexing can weaken the strength of the
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die’s attachment to the structure as well as damage fragile electrical contacts

between the die and support structure.

Yet another disadvantage of a thin support structure is its h;rntcd ability to
secure and support multiple dies on a singlle support stru;:mrc. One method of
constructing multple die assemblies on a conventional support structure is to
stack dice vertically. U.S. Patent number 5,994,166 issued November 30, 1999,
to Salman Akram and Jerry M. Brooks discloses a semiconductor package with

two die vertically stacked on opposiﬁg sides of a substrate. However, if multiple

semiconductor dies are vertically stacked on a substrate the height of the

packaged semiconductor devices increases. If on the other hand, multiple
semiconductor dies are mounted horizontally side by side on a support structure,
both the thickness and area of the support structure must be increased to support
the multiple dies which results in larger packaged semiconductor devices. Thus,
conventional techniques for sécuring multiple dies to a single support structure
increase the dimensions of packaged semiconductor devices. It would be
advsgltageous to have a semiconductor support structure that can secure and
support multiple semiconductor dies which will results in a smaller dimensions
semiconductor packages than conventional techniques while reducing the cost of

the die support structure.
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The invention provides a packaged semiconductor structure in which
multple semiconductor dies are secured to a common support s&qcmre. In an
exemplary embodiment, a2 multi-layered support structure is formed. The
support structure has a central cavity with an open surface at the top and a die
support bottom surface. An aperture with a perimeter smaller than that of the
central cavity is formed frc.)m the bottom exterior of thc.Su'pport structure to the
central cavity. A first scrnicoﬁductor“dic' is supported and secured to the cavity
bottom surface. The first die is electrically connected to the bottom surface of
the support sr.rué.turc by electrical connections, e.g., wire bonds, Which extend
from the die through the aperture to elccﬁcﬂ contact areas on the bottom
exterior surface of the support structure. A second semiconductor die is secured
on the top surface of the support structure and electrical connections are made
between the second die and electrical contact areas on thc_bottom exterior
surface of the support structure. The dies, electrical connections and structure

cavity are encapsulated with encapsulatng material to form a packaged

semiconductor assembly.
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These and other advantages and features of the invention will be more
readily understood from the following detailed description of the invention

which is provided in connection with the accompanying drawings.

Figure 1 is a top view of a semiconductor support structure of the

invention;
Figure 2 is a cross-sectional view of Figure 1;

Figure 3 is a top view of a semiconductor support structure of the invention
after a first semiconductor die has been secured inside a cavity of the support

structure;
Figure 4 is an cross-sectional view of Figure 3;

Figure 5 is a top view of a semiconductor support structure of the invention
after a second semiconductor die has been secured to the top of surface of the

support structure;
Figure 6 is a cross-sectional view of Figure 5; and

Figure 7 is a cross-sectional view of a semiconductor support structure of

the invention after the semiconductor dies have been encapsulated.
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The invention will be described as set forth in the exemplary embodiments - -
ilustrated in Figures 1-7. Other embodiments may be utilized and structural
changes may be made without departing from the spirit or scope of the

invention.

Figure 1 illustrates a top view of a semiconductor support structure 100 of
the invention; Figure 2 is an cross-sectional view of Figure 1 taken at line IT-II.
The support structure 100 has a top surface 20, exterior perimeter 22, a cavity 42
with interior perimeter 35 and bottom surface 40. An aperture 50 with interior
periméter 36 is provided in bottom surface 40. The interior perimeter 36 of
aperture 50 is smaller in size that the interior perimeter of cavity 42 to férm
bottom surface 40. The support structure 100 is formed of five thin stacked
layers 30-34 as shown in Figure 2. In an exemplary embodiment, the structure
100 is formed of stacked layers of any suitable semiconductor die support

material, such as, for example, Bismaleimide Triazine (BT) which may be used

for all five layers 30-34.

It is to be understood that the illustration of a five-layer structure 100 is
exemplary and that the support structure 100 could be constructed with less than
or more than five layers. The support structure 100 is fabricated by securing the

five layers 30-34 to each other using techniques well known in the art, for
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example, with adhesives. The total structure thickness and number of layers is

based on the thickness of a die which will be mounted within cavity 42 and the
required Spacing for various electrical contacts. The support structure 100 can
be of any dimension (height, length, or width) suitable for mounting
scmicohducfor dies. An cxempl@ thickness T fof support stru.ctul're 100 is
about 500 microns or less and an exemplary depth D of cavity 42 is 400 microns
or less. Itis to be understood that each 1ayer as shown in Figure 2 could be

made of a multi-layer laminate as well.

One technique for fabrication of the support structure 100 is described
below. Central layer 32 is formed of film of about 200 microns thickness, buf
larger and smaller thickness are possible. Central layer 32 can also be made of
multiple layers, such as a multi-layer laminates. The other layers 30-31, 33-34
thickness can be sized based on the dimensions of the die 60 (Figures 3 and 4)
and the desired overall package thickness. It is to be understood that the |
exemplary layers 30-34 can comprise similar or djfferent material and can vary in
thic_::l$ness from each other. Second layer 33 is secured above central layer 32.
Fourth layer 31 is secured below central layer 32. First layer 34 is secured above
second layer 33. Finally fifth layer 30 is secured to fourth layer 31. Itis to be
un(;lerstood that the method of stacking or fabricating the support structure 100
layers 30-34 and/or method of securing the layers 30-34 can vary without

limiting the scope of the invention.



10

15

One advantage of using a conventioria;l layer thickness of, for example, 200
microns for central layer 32 is that such a coﬁv;nﬁonal layer thickness is
co@mody available ata léwer co.st thaﬁ a tﬁiﬁncr material lz'1ycr. In an
excmplaw embodiment, the layers 30- 34 contain interiof electrical paths 90
through the various layers a.nd providing electrical paths 90 fof the
semiconductor dies 60, 80 (Figire 7) from the structure’s toé surface 20 down
to the structure’s bottom surface 37. It is to be understood that external
electrical paﬁhs (not shown) located on the surface of layers 30-34 are also
possible either adjac;.ent to the cavity’s interior perimeter 35 or along the exterior
perimeter 22 of the structure 100. Also the die 60 (Figure 4), while shown as
connected by wire bottom to electrical contact areas 76 provided on layer 30,

can also connect to the electrical contact areas 76 through conductive vias

internal to the layer 30.

An open cavity 42 is formed by layers 30-34 which define a cavity perimet-cr
35 and a bottom surﬁcc 40. The cavity 42 can be any suitable shape. An
aperture 50 is shown formed in the fifth layer 30, i.e., which extends from -
bottom surface 37 to the cavity 42. The aperture 50 has an aperture perimeter
36 which is smaller than the cavity perimeter 35 to provide a mounting surface
for die 60. The cavity 42 and aperture 50 can be formed using techniques well
known in the art, such as xmlhng Alternatively preformed layers having holes

therein can be stacked to form the support structure 100, having cavity 42 and
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apetﬁrc 50. Itis to be understood that the cavity depth D could be varied
without lirm'ting-the séopc of the invention. The caviﬁ:y dei:r_h D is sized based
on the thickness of the .scmiconductor die .60 (Figme 4) sécurcd inside the cavity
42. An exemplary dimension for cavity dcptgh D is about 250 microns or less.
Aperture 50 can be any suitable shape. Aperture 50 i§ sizcd to provide a die
support surface 40. The dimensions of aperture 50 will vary depending on the
dimension of the ﬂst semiconductor die 60 and the necessary clearance for
proper die 60 operation or for electrical connection. It is to be understood that

aperture 50 is optional and is an exemplary way of providing an electrical contact

path between the die 60 and structure 100.

After support structure 100 is fabricated as shown in Figures 1 and 2, a
semiconductor die 60, shown in Figures 3 and 4, is secured to bottom surface
40, such as, for example, by bonding tape or solder balls, using techniques well
known in the art. It is to be undérstood that more than one semiconductor dic;.
60 can be secured inside the cavity 42, such as two dies 60 stacked on top of
eack}_ other or side-by-side on the bottom surface 40. In an exemplary

embodiment, semiconductor die 60 is a board-on-chip (BOC), where a chip has

* electrical contact areas formed on the chip surface and the chip is directly bonded

to a support surface, such as, a printed circuit. The semiconductor die 60 is
electrically connected 74 to electrical contacts areas 76, such as, for example,

bond pads, on the bottom surface 37 of support structure 100. In an exemplary
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embodiment, wire bonds 74 extend from the die 60 electrical contact areas 72

through aperture 50 to the support structure electrical contact areas 76. Itis to

be understood that various materials, types, methods, techniques, and locations
for electrical contacts areas 72, 76 and electrical connections 74 are pbssiblc and
that the wire bonds disclosed above and shown in Figure 4 are only exemplary of

one way of electrically connecting die 60 to electrical contact areas 76 provided

on the bottom surface 37.

After semiconductor 60 is clcctfi'cally comcctcd to the support structure
100, a second semiconductor die 80 (Figﬁrcs 5-6) is secured to the top surface
20 of the support structure .100 by connections 83. In an exemplary
embodiment the second die 80 is a flip chip, a chip or package where bumps or
connecting metal are formed on the chip surface and the chip is flipped over for
soldering to a support surface, and is secured by a solder ball connections 83 to
electrical contact areas 84 located on the top surface 20 of support structure 10.0.
The second die 80 is arranged to align with various electrical contact areas 84
Wthh are in electrical communication through electrical vias 90 through layers
30-34 to electrical contact areas 76 on the structure bottom surface 37. Itis to
be understood that the electrical contact areas between die 80 and the structure
bottom surface 37 could also be by external conductors on the sidewalls 22, 35

of the support structure 100.
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Figure 7 shows a packaged semiconductor assembly ilO after an
encapsulation material 90 has been deposited li,n c:ivity 42 and aperture 50 and
bcn;tath die 80. The encapsulation material 90 can be any well know matc;:ial
suitable for semiconductor assemblies. The encapsulation material 90 can be
selected to provide under fill support for the second semiconductor die 80 as
well as to reduce the coefficient of thermal expansion between the dies 60, 80
and structure 100. The encapsulation material 90 is shown covering electrical
contacts 74, 83 of th; die 60, 80. Itis to be further understood that the
encapsulation process could be broken into two steps, a first step after the first
semiconductor die 60 is secured to the structure 100 and before the second dies
80 is secured. And a second step after the second semiconductor die 80 is
secured to the structure 100. After thc,cncaiﬁsulation material 90. is deposited,
additional electrical contact areas 92 can be added to the semiconductor
assembly 110, on electrical contact areas 76 such as a fine ball grid array along
the bottom surface 37 of the structure 100. It is to be understood that multiple
packaged semiconductor assemblies 110 can be formed in_a large structure and

singulated after fabrication, or at any intermediate stage of fabrication.

Having thus described in detail the exemplary embodiments of the
invention, it is to be understood that the invention defined by the appended
claims is not to be limited by particular details set forth in the above description

as many apparent variations thereof are possible without departing from the spirit
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or scope of the invention. Accordingly, the above dcscriptioﬁ ipd accompanying

* drawings are only illustrative of exemplary embodiments which can achieve the

features and advantages of the invention. It is not intended that the invention be
limited to the embodiments shown and described in detail herein. The invention

is only limited by the scope of the following claims.
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What is claimed as new and desired to be protected by Letters Patent is:

1. A die support structure comprising:

a bottom and sidewalls cxtcnding from said bottom, said bottom and
sidewalls defining a cavity, said sidewalls defining an upper die support surface
which has an opcnin_Q r_hcreip and said bottom defining a lqwcr die support
surface, said cavity extending from the opening to said lower die support surface,
each of said upper and lower die support surfaces being adapted to support at

least one die.

2. A die support structure of claim 1, further comprising an aperture in said

bottom, said aperture having a smaller perimeter than said cavity.

3. The die support structure of claim 1, wherein said support structure further

comprises a plurality of laminated layers which form said bottom and sidewalls.

4. The die support structure of claim 1, wherein said support structure has a

conductive path from said upper die support surface to said bottom.

5.  The die support structure of claim 4, wherein said conductive path is

internal to said sidewalls.

R
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6. The die support structure of claim 4, wherein said conductive. path is

external to said sidewalls.

7.  The die support structure of claim 1, further comprising electrical contact

areas on said support structure bottom surface.

8.  The die support structure of claim 7, further comprising solder balls

connected with said electrical contact areas.

9. A semiconductor assembly comprising:

a die support structure whcreiﬁ said suppoﬁ structure has a cavity, said
cavity being defined by an upper die support surfac_c which has an opening
therein and a lower die support surface said cavity extending from said opening

to said lower die support surface; and

at least one semiconductor die secured to said cavity bottom surface.

10.” The semiconductor assembly of claim 9, further comérising an aperture in

said lower die support surface, said aperture having a smaller perimeter than said

cavity.

/ .
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11. The semiconductor assembly of claim 9, wherein said support structure

further comprises a plurality of laminated layers.

12. The semiconductor assenibly of claim 9, wherein said support structure has

a conductive path from said upﬁcr die support surface to an opposing side of said

support structure.

13. The semiconductor assembly of claim 12, wherein said conductive path is

internal to said support structure.

14. The semiconductor assembly of claim 12, wherein said conductive path is

external to said support structure.

15. The semiconductor assembly of claim 9, wherein said support structure has

electrical contact areas on said support structure bottom surface.

16" The semiconductor assembly of claim 15, further comprising solder balls

connected with said electrical contact areas.

17. The semiconductor assembly of claim 9, wherein said at least one

semiconductor die is a board-on-chip.

% ¢ L M os %
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18. The semiconductor assembly of claim 9, wherein said at least one

semiconductor die is electrically coupled to said support structure.

19. The semiconductor assembly of claim 10, wherein said at least one

semiconductor die is electrically coupled to said support structure.

20. The semiconductor assembly of claim 19, wherein said at least one
semiconductor die has at least one wire bond extending from said die to at least

one electrical contact area on said support structure.

2). The semiconductor assembly of claim 20, wherein said at least one wire
bond extends from said at least one die through said aperture to said at least one

electrical contact area.

22. A semiconductor assembly comprising:

“"a die support structure wherein said support structure has a bottom and

sidewalls extending from said bottom, said bottom and sidewalls defining a

cavity, said sidewalls defining an upper die support surface which has an opening

therein and said botrom defining a lower die support surface, said cavity

RO R Il |
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extending from the opening to said lower die support surface, each of said upper
and lower die support surfaces being adapted to support at least one die; and

at least one semiconductor die secured to said lower die support surface.

23. " A semiconductor assembly comprising:

a die support structure wherein said suéport structure has a cavity, said
cavity being defined by an upper die support surface which has an opening
therein and a lower die support surface wherein said cavity extends from the
opening to said lower die support surface;

at least one semiconductor die secured to said lower die support surface;

at least one electrical connection between said at least one semiconductor
die and said support structure; and

at least a portion of said semiconductor assembly encapsulated with

encapsulation material.

24.. A semiconductor asscﬁubly comprising:

*'a semiconductor suppoft structure wherein said structure has a cavity, said
cavity being defined by an upper die support surface which has an opening
therein and a lower die sﬁpport surface said cavity extending from said opening

to said lower die support surface;

| RVER O R A
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at least one semiconductor die secured to said lower die support surface;

and

at least one semiconductor die secured to said upper die support surface.

25. The semiconductor assembly of claim 24, wherein said at least one

semiconductor die secured to said uppér die support surface is a flip chip.

26. The semiconductor assembly of claim 24, wherein said at least one

semiconductor die is electrically coupled to said support structure.

'27. A semiconductor assembly comprising:

a die support structure wherein said structure has a cavity, said cavity being
defined by an upper die support surface which has an opening therein aqd a
lower die support surface said cavity extending from said opening to said lower
die support surfaqe;

at least one semiconductor die secured to said bottom surface said die
eleétrically coﬁplcd to said structure;

at least one semiconductor die secured to said structure top surface said die
electrically coupled to said structure; and

at least a portion of said semiconductor assembly is encapsulated with

encapsulation material.

O O SR
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28. A semiconductor assemb!y'com.prising:

a die support structure wherein said structure has a cavity, said cavity being
defined by an upper die support surface which has an opening therein a.nd.a die
support bottoin surface said cavity cxtfcn_ding from said opening to said lower die
support surface;

at least one board-on-chip secured to said upper die support surface said
board-on-chip electrically coupled to.-.said support structure; and

at least one flip chip secured to said upper die support surface said flip chip

electrically coupled to said support structure.

29. A method of fabricating a die support structure for supporting multiple dies

comprising the steps of:
providing a semiconductor support structure having a top and bottom
surface; and
- providing a cavity in said support structure, said cavity being defined by an

uppzr die support surface which has an opening therein, sidewalls, and a lower

die support surface connected with said sidewalls, said cavity extending from said

opening to said lower die support surface.

oy g
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30. The method of claim 29, further éomprising'_providhlg an aperture in said
lower die support surface, said apemire extending from the support structure
bottom surface to said cavity, said aperture having a smaller perimeter than said

cavity.

31. The method of claim 29, wherein said support structure comprises a

plurality of laminated layers.

32. The method of claim 29, further comprising providing a conductive path in
said support structure from said upper die support surface to the bottom surface

of said support structure.

33. A method of forming a semiconductor assembly comprising the steps of:
providing a die support structure having a top and bottom surface;
providing a cavity in said support structure, said cavity being defined by an

upper die support surface which has an opening therein, sidewalls, and a lower

die :é:-upport surface connected with said sidewalls, said cavity extending from said
opening to said lower die support surface; and

securing at least one semiconductor die to said lower die support surface.

* [ L M s *
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34. The method of claim 33, wherein said at least one semiconductor dieis a

board-on-chip.

35. The method of claim 29, further comprising thé step of electrically coupling

said at least one semiconductor die to said support structure.

36. A method of forming a semiconductor assembly comprising the steps of:
providing a die support structure ha\}ing a top and bottom surface;
‘providing a cavity in said support structure, said cavity bemg defined by an

upper die support s.urfacc which has an opening therein, sidewdlls which provide

said upper die support surface, and a lower die support surface, said cavity
extending from said opening to said lower die support surface;
securing at least one semiconductor die to said lower die surface; and

securing at least one semiconductor die to said upper die support surface.

37. The method of claim 36, wherein said at least one semiconductor die

sectired to said upper die support surface is a flip chip.

38. The method of claim 36, further comprising the steps of at least pardally

encapsulating said support structure with encapsulation material.

LT TR
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39. A method Qf fabricating.a support strucfurc for supporting muldple dies
comprising the steps of:

forming sidewalls which extend from a Boftomwaﬂ, said sidewalls connected
to said bottom wall having an uppef die support surface, said bottom wall having
a lower die supi:ort surfr;lce, said sidewalls and bonomwaﬂ defining a cavity for

housing a semiconductor die.

40. The method of claim 39, wherein said sidewalls comprise a plurality of

laminated layers.
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