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BOW CONTROL IN AN ELECTRONIC PACKAGE

Field of the Invention

The invention relates to electronic circuit packaging and, more

particularly, to bow control in an electronic package.
Background of the Invention

Figure 1 is an illustration of a prior art electronic package 100. The
electronic package 100 includes a die 102, a2 dic substrate 104, a package
substrate 106, solder elements 108 and a molding compound 110. The die 102 is
mounnted on the die substrate 104. The die substrate 104 is mounted on the
package substrate 106. The purpose of the solder elements 108 is to electrically
couple the die substrate 104 to the package substrate 106. The.molding
compound 110 encapsulates the electronic connections. As can be seen in

Figure 1, the die substrate 104 is encapsulated by the molding compound 110 on

_ only one side of the die subsnrate 104. Dunng the curmg of the moldmg

compound 110, the molding compound 110 shnnks and subJ ects the d1e
substrate 104 to siress that causes the dic substrate 104 to bow. A bowed die
substrate 104 causes open connections at the solder elements 108 whlch
increases the electrical failure rate of the electronic package.

For these and other reasons there isa necd for an eleci:romc package that
resists bowing. ’

Summary of the Invention

The above mentioned problems associated with bowing and other
problems are addressed by the presenf invention and will be understood by
reading and studying the following specification.

In one embodiment, a package is provided that includes a package
substrate, a die-substrate assembly and a molding compound. The die-substrate
assembly includes a substrate that includes ﬁplura]ity of layers. The plurality of
Jayers includes a layer comprising a mesh to stiffen the substrate. The substrate
is adapted to mount one or more dice, and the molding compound attaches the
substrate to the package substrate. '

In an alternative epibodiment, the package includes a mesh formed from

copper that includes a plurality of substantially circular openings.
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These and other embodiments, aspects, advantages, and features of the
present invention will be set forth in part in the description which follows, and mn
part will become apparent to those skilled in the art by reference to the following |
description of the invention and referenced drawings or by practice of the
invention. The aspects, advantages, and features of the invention are realized
and attained by means of the instrumeptalities, procedures, and combinations
particularly pointed out in the appended claims.

Brief Description of the Drawings
Figui‘e 1 is an illustration of a side view of a prior art electronic package;
Figure 2A is an illustration of a side view of one embodiment of a
package comprising a package substrate, a die-substrate assembly, 2 molding
compound and solder elements according to the teachings of the present
invention; .
Figure 2B is an illustration of 2 top view of one embodiment of the die-

‘substraté ‘aséembly shown in Figure 2A according to the teachings of the present

invention; .

Figures 2C-2E are illustrations of some altemative embodiments ofa
layet; included in the die-substrate assembly shown in Figure 2B according to the -
teachings of the present invention;

Figures 2F-2) are illustrations of some embodiments of 2 mesh having
mesh opening shapes suitable for use in connection with the die-substrate
assembly shown in Figure 2A according to the teachings of teachings of the
present invention; | '

Figure 2K is an illustration of a side view of an alternative embodiment
of the die-substrate assembly according to the teachings of the present invention;
and

Figure 2L is an illustration of system including a processor and a package
according to the teachings of the present invention.

Description

In the following detailed description of the invention, reference is made
to the accompanying drawings which form a part hereof, and in which are
shown, by way of illustration, specific embodiments of the invention which may
be practiced. In the drawings, like numerals describe substantially similar
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components throughout the several views. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention. Other
embodiments may be utilize& and structural, logical, and electrical changes may
be made without departing from the scope of the present invention. The
following detailed description is not to be taker in a limiting sense, and the
scope of the present invention is defined only by the appended claims, along
with the full scope of equivalents to which such claims are entitled.

Figure 2A is an illustration of a side view of one embodiment of a

package 200 comprising a package substrate 202, a die-substrate assembly 204, a

molding compound 206 and solder elements 208 according to the teachings of
the present invention.
The package substrate 202 provides a base for mounting the die-substrate
assembly 204. As such, the package substrate 202 is not limited to being
fabricated from a particular material. In some embodiments, the package
substrate 202 is fabricated from-am-insulator or a combination of insulators. .. . . S
Exemplary insulators suitable for use in the fabrication of the package substrate

202 include ceramies, epoxies, fiber glasses or combinations of such insulators.

'However, the package substrate 202 can also include conductive materials which

are formed into conductive patbs (not shown) or planes (not shown) to couple
electronic signals to-and-from the die-substrate éssembly_ 204.

The die-substrate assembly 204 is mounted on the package substrate 202
and includes a substrate 210. The substrate 210 includes a plurality of layers,
such as Jayers 212 and 214, with the layer 214 including a mesh to stiffen the
substrate 210. The substrate 210 is adapted to mount one or more dice, such as
die 216. The substrate 210 is electrically coupled to the package substrate 202
by the solder elements 208.

. The layer 212 provides a substrate on which to mount the die 216. The
layer i12 is not limited to being fabricated from a particular material. In some
embodiments, the layer 212 is fabricated from an insulator or combination of
insulators. Exemplary insulators suitable for use in the fabrication of the layer
212 include ceramics, epoxies, fiber glasses or combinations of such insulators.

However, the layer 212 can also include conductive materials which are formed
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into conductive paths (not shown) or planes (not shown) to couple electronic
signals to-and-from the die-substrate assembly 204.

Figure 2B is ap illusiration of a top view of one embodiment of the die-
substrate assembly 204 shown in Figure 2A according to the teachings of .the
present invention. As can be seen in Figure 2B, the layer 214 is formed on a
surface 218 of the layer 212 which is an outer or exposed surface of the substrate
210. The layer 214 has an annular shape including a substantially rectangular
opening 220. However, the layer 214 is not limited to having a substantially
rectangular opening. Figures 2C-2E are illustrations of some alternative
embodiments of the layer 214 included in the die-substrate assembly shown in
Figure 2B according to the teachings of the present invention. As shown in
Figure 2C, the layer 214 has a substantially square opening 222. As shown in
Figure 2D, the layer 214 has a substantially elliptical opening 224. As shown in
Figure 2E, the layer 214 bas a substantially circular opening 226. The layer 214
is not Timited to beifig formed with an opening. In an alternative embodiment,
the layer 214 can be formed without an opening.

The layer 214 comprises a mesh including a plurality of openings. Each
of the plurality of openings has a shape, but the openings are not limitedto a
particular shape. Figures 2F-2J are illustrations of some embodiments of 2 mesh
having mesh opening shapes suijtable for use in conmection with the die-substrate
assembly shown in Figure ZA according to the teachings of teachings of the
present invention. As sbown in Figure 2F, the mesh includes a plurality of
substantially rectangular openings. As shown in Figure 2G, the mesh includes a
plurality of substantially square openings. As shown in Figure 2H, the mesh
includes a plurality of substantially triangu)ar openings. As shown in Figure 21,
the mesh includes a plurality of substantially elliptical openings. As shown in
Figure 27, the mesh includes a plurality of substantially circular openings.

The layer 214 is not limited to being fabricated from a particular
material, In some embediments, the layer 214 is fabricated from a meta).
Exemplary metals suitable for use in the fabrication of the mesh include but are
ot limited to copper, gold, silver, nickel and alumimum. The layer 214 is not
limited to being fabricated using a particular method. One method of fabricating
the layer 214 includes depositing a inetal layer on the layer 214 and etching the
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desired annular opening and mesh openings in the metal layer. The layer 214 is
deposited to a thickness that provides the necessary resistance to bowing for the
selected mesh opening;:

Figure 2K is an illustration of a side view of ap alternative embodiment
of the die-substrate assembly 204 according to the teachings of the present
invention. As shown in Figure 2K, the layer 214 is an inner layer of the die-
substrate assembly 204. An inmer layer is a layer located between two other
layers. Locating the layer 214 internal to the die-substrate assembly 204 permits
the layer 214 to substitute for a ground or power plane in the die-substrate
assembly 204. This substitution reduces the cost of the die-substrate assembly
204 while increasing the die-substrate assembly resistance to bowing or warping.

Referring again to Figure 24, the die 216 is mounted on the substrate 216
and includes an electronic circuit that performs an electronic function. In one
embodiment, the die 216 includes an electronic circuit, such as a dynamic
random access mem61y circuit or a static random-access memory circuit, that
performs a memory function. In an alternative embodiment, the die 216 includes

ap electronic circuit, such as an apalog radio frequency amplifier, that performs

" an analog signal processing function. In another alternative embodiment, the die

216 includes ap electronic circuit, such as a processor, that performs a logic
function. In still another alternative embodiment, the die 216, includes an
electronic circuit, such as a mixed-signal application specific integrated circuit
for monitoring and controlling the performance of an automobile engine, that
performs a combination of analog and digital circuit functions.

The die 216 is not limited to being fabricated from a particular material.
In some embodiments, the die 216 is fabricated from a single type of

- semiconductor. For example, in one embodiment the die 216 is fabricated from

silicon. In an alterpative embodiment, the die 216 is fabricated from gallium
arsenide. In still another alternative embodiment, the die 216 is fabricated frorh
germanium, In other embodiments, the dic 216 is fabricated from 2 combination
of semiconductors. For example, in one embodiment the die 216 is fabricated
from silicon and germanium. In an alternative embodiment, the die 216 is
fabricated from silicon and gallium arsenide. In another alternative embodiment,

the die 216 is fabricated from gexmanium and gallium arsenide.
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As can be seen jn Figure 2A, the layer 214 stiffens the die-subsirate
assembly 204 and reduces warping in the die-substrate assembly 204. The layer
214 stiffens the die-substrate assembly 204 by providing a super-structure
formed by the layer 214 to resist the stresses at the molding compound/substrate
interface induced by shrinkage of the molding compound during curing.

_ Figure 2L is an illustration of system 230 including a processor 232 and a
package 200 according to the teachings of the present invention. The system
230 is pot limited to use in connection with a paxﬁqular type of processor.
Exemplary processors suitable for use in connection with the system 230 include
complex instructjon set processors, reduced instruction set processors, very long
mstruction word processors and digital signal processors. The processor 232 is
communicatively coupled to the die 210 of the die-substrats assembly 204
mounted on the package substrate 202. The processor 222 can be
communicatively coupled to the die 210 by physically connecting the processor ‘

222 to thedie- 230 through-a conductive element or communicatively coupicd o VU

the die 210 through a wireless communication link such as radio frequency
communication hok. . : '

Although specific embodiments have been described and illustrated
herein, it will be appreciated by those skilled in the art, having the benefit of the
present disclosure, that any arrangement which is intended to achieve the same
purpose may be substituted for a specific embodiment shown. This application
is intended to cover any adaptations or variations of the present invention. '
Therefore, it is intended that this invention be limited only by the claims and the

equivalents thereof.
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What is claimed is:

1. A snbstrate comprising:
a plurality of layers including a layer compﬁging a mesh to stiffen the

substrate adapted to mount one or more dice.

2. The substrate of claim 1, wherein at Jeast one of the plurality of layers

comprises a ceramic material.

3. The substrate of claim 2, wherein the mesh comprises a plurality of
substantially elliptical openings. |

4, A substrate comprising:
a plurality of layers including a layer comprising a mesh formed from a

* metal to stiffen the substrate adapted to mount one or moze dice. . v .-

S. The substrate of claim 4, wherein the mesh comprises a plurality of
substantially circular openings. . .

6. The subsirate of claim 5, wherein the metal comprises copper.

7. The substrate of claim 6, wherein at least one of the plurality of layers

comprises a ceramic material.

8. A substrate comprising:
a plurality of layers including a layer comprising a mesh formed as an
outer surface of the substrate to stiffen the substrate adapted to mount one or

more dice.

9. The substrate of claim 8, wherein fhe mesh comprises a plurality of
substantially rectangular openings.

10.  The substrate of claim 9, wherein the mesh comprises gold.
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11. A substrate comprising: .
a plurality of Tayers including a layer comprising a mesh formed as an

inner layer of the substrate adapted to mount one or more dice.

12.  The substrate of claim 11, wherein the mesh comprises a plirality of -
substantially square openings.

13. The substrate of claim 12, wherein at least one of the pluraliiy of layers

comprises a ceramic material.

14. A substrate comprising: )
a plurality of layers including a layer having an annular shape, the layer
comprising a mesh to stiffen the substrate adapted to mount one or more dice.

15. ~ The substrateof claira 14; wherein the mesh comprises a plurality of
substantially triangular openmgs.

16.  The substrate of claim 15, whersin the annular shape has a substantially
rectangular opening.

17. A substrate comprising:

a plurality of layers including a layer having an annular shape, the layer
comprising a mesh formed from a metal and the layer formed as an outer surface
of the substrate to stiffen the subsirate adapted to mount one or more dice.

18.  The substrate of claiin 17, wherein the mesh comprises a plurality of

substantially elliptical openings.

19.  The substrate of claim 18, wherein the annular shape has a substantially

circular opening.



10

20

25

30

% € L M § =%

20. A substrate comprising:
a plurality of layers including a layer having an annular shape, the layer
comprising a mesh formed from a metal and the layer formed as an inner surface

of the substrate to stiffen the substrate adapted to mount one or more dice.

21. The substrate of claim 20, wherein the mesh comprises a plurality of
substantially square openings.

22.  The substrate of claim 21, wherein the anpular shape has a substantially
eiliptical opening.

23. A die-substrate assembly comprising:
a substrate comprising a plurality of layers including a layer comprising a
mesh to stiffen the substrate adapted t6'mount one or more dice; and

""bné or inofe dice mounted on the substrate.

24.  The die-substrate assembly of claim 23, wherein at least one of the one or

more dice comprises silicon.

25.  The dic-assembly substrate of claim 23, wherein at least one of the one or

more dice comprises a memory die.

26. A die-substrate assembly cormprising: -
a substrate comprising a plurality of layers including a layer comprising
amesh formed from a metal to stiffen the substrate adapted to mount one or

more dice; and
one or more dice mounted on the substrate.

27. The die-substrate assembly of claim 26, wherein at least one of the one or

more dice comprises germanium.

28.  The die-substrate assembly of claim 26, wherein at least one of the one or

more dice comprises a digital logic die.
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29. A die-substrate assembly comprising:
a substrate comprising a phirality of layers including a layer comprising a
mesh formed as an outer surface of the substrate to stiffep the substrate adapted

to mount one or more dice; and

one or more dice mounted on the substrate.

30. The die-substrate assembly of claim 29, wherein at least one of the one or

more dice comprises gallium arsenide.

31.  The die-subsirate assembly of claim 30, wherein at least one of the one or

more dice comprises an apalog die.

32. A die-substrate assembly comprising:

a substrate comprising a plurality of layers including a layer comprising a
mesh formed as an inner layer of the substrate adapted to mount one or more
dice; and |

one or more dice mounted on the snbstrate.

33.  The die-substrate assembly of claim 32, wherein at least one of the one or

more dice comprises a semiconductor.

34.  The die-substrate assembly of claim 33, wherein the one or more dice

comprises 2 memory die.

35. A die-substrate assembly comprising:

a substrate comprising a plurality of layers including a layer having an
annular shape, the layer comprising a mesh to stiffén the substrate adapted to
mount one or more dice; and

one or more dice mounted on the substrate.

36.  The die-substrate assembly of claim 35, wherein at least one of the one or

more dice comprises silicon.

10
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37.  The die-substrate assembly of claim 35, wherein at least one of the éne or

more dice comprises a processor die.

38. A die-substrate assembly comprising:

a substrate comprising a plurality of layers including a layer having an
annular shape, the layer comprising a mesh formed from a metal and the layer
formed as an outer surface of the substrate to stiffen the substrate adapted to

mount one or more dice; and

onec or more dice mounted on the substrate.

39,  The die-substrate assembly of claim 38, wherein at least one of the one or

more dice comprises germanium.

40.  The die-substrate assembly of claim 38, wherein at least one of the one or

more dice comprises a mixéd signal die.

41, A die-substrate assembly comprising:

a substrate comprising a plurality of layers including a layer having an
amular shape, the layer cornprising a mesh fbmed from a metal and the layer
formed as an inner surface of the substrate to stiffen the substrate adapted to

mount one or more dice; and
one or more dice mounted on the substrate.

42.  The die-substrate assembly of claim 41, wherein at least one of the one or

more dice comprises gallium arsenide.

43.  The die-substrate assembly of claim 42, wherein at Jeast one of the one or

more dice comprises a radio frequency analog die.

44, A package comprising:
a package substrate;

11
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a die-substrate assembly comprising a substrate comprising a plurality of
layers including a layer comprising a mesh to stiffen the substrate adapted to
mount one or more dice, and one or more dice mounted on the substrate; and

a molding compound to attach the substrate to the package subsirate.

45. The package of claim 44, wherein at least one of the one or more dice:

comprises a memory die.

46. A package comprising:
~ a package substrate; _
a die-subsirate assembly comprising a substrate comprising a plurality of
layers including a layer comprising 2 mesh formed from a metal to stiffen the |

substrate adapted to mount one or more dicé, and one or more dice mounted on

the substrate; and

a molding compound to attach the substratc tc the package substrate.

47.  The package of claim 46, wherein at least one of the one or more dice

comprises a digité.l logic die.

48. A package comprising:

a package substrate;

a die-substrate assembly comprising a substrate comprising a plurality of
layers including a layer comprising a mesh formed as an outer surface of the
substrate to stiffen the substrate adapted to mount one or more dice, and one or
more dice mounted on the substrate; and

a molding compound to attach the substrate to the package substrate.

49.  The package of claim 48, wherein at least one of the one or more dice

comprises an analog dic.

50. A package compris_ing:
a package substrate;

12
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a die-substrate assembly comptising 2 substrate comprising a plurality of
layers including a layer comprising a mesh formed as an inner layer of the
substrate adapted to mount one or more dice, and one or more dice mounted on

the substrate; and
a molding compound to attach the substrate to the package substrate.

51.  Thepackage of claim 50, wherein at least one of the one or more dice

comprises a processor die.

52. A package comprising:

a package substrate;

a die-substrate assembly comprising a substrate comprising a plurality of
layers including a layer having an annnlar shape, the layer comprising a mesh to
stiffen the substrate adapted to mount one or more dice, and one or more dice
mounted on thé sibstratéy aiid =~ ~ - |

amolding compound to attach the substrate to the paékage substrate.

53.  The package of claim 52, wherein at least one of the one or more dice

comprises a memory die.

54.  Apackage comprisil.lg:

a package substrate;

a die-substrate assembly comprising a substrate comprising a plurality of
layers including a layer having an annular shape, the layer comprising a mesh
formed from a metal and the layer formed as an outer surface of the substrate to

stiffen the substrate adapted to mount one or more dice, and one or more dice

mounted on the substrate; and

a molding compound to attach the subsirate to the package substrate.

55.  The package of claim 54, wherein at least one of the one or more dice

comprises a mixed signal die.

13
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56. A package comprising:
a package substrate; |
a die-substrate assembly comprising a substrate comprising a plurality of
layers including a layer having an annular shape, the layer comprising a mesh
formed from a metal and the layer formed as an inner surface of the substrate to
stiffen the substrate adapted to mount one or more dice, and one of more dice
mounted on the substrate; and
a molding compound to attach the substrate to the package substrate.

57.  The package of claim 56, wherein at least onc of the one or more dice

comprises a radio frequency gallium arsenide die.

58. A system comprising:
a package comprising:
" apackage substrate;

a die-substrate assembly comprising a substrate comprising
plurality of layers including a layer comprising a mesh to stiffen the
substrate adapted to mount one or more dice, and one or more memory
dice mounted on the substrate; and

a molding compound to attach the substrate to the package
substrate; and
a processor coupled to at least one of the one or more memory dice.

59. A method comprising:

forming a mesh layer in a die-substrate assembly;
mounting the die-substrate assembly on a package substrate; and
applying a molding compound between the package substrate and the

substrate.
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