US 20060180907A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2006/0180907 A1

James et al.

43) Pub. Date: Aug. 17, 2006

(54)

(735)

(73)

@
(22)

(60)

(1)

10

PACKAGED MICROELECTRONIC DEVICES
WITH PRESSURE RELEASE ELEMENTS
AND METHODS FOR MANUFACTURING
AND USING SUCH PACKAGED
MICROELECTONIC DEVICES

Inventors: Stephen L. James, Boise, ID (US);
Chad A. Cobbley, Boise, ID (US)

Correspondence Address:
PERKINS COIE LLP
PATENT-SEA

PO BOX 1247

SEATTLE, WA 98111-1247 (US)

Assignee: Micron Technology, Inc., Boise, ID
Appl. No.: 11/401,514
Filed: Apr. 11, 2006

Related U.S. Application Data

Continuation of application No. 10/099,155, filed on
Mar. 13, 2002, now Pat. No. 7,049,685, which is a
division of application No. 09/645,640, filed on Aug.
24, 2000, now Pat. No. 6,979,595.

Publication Classification

(52) US. CL e 257/678

(57) ABSTRACT

Packaged microelectronic devices, interconnecting units for
packaged microelectronic devices, and methods and appa-
ratuses for packaging microelectronic devices with pressure
release elements. In one aspect of the invention, a packaged
microelectronic device includes a microelectronic die, an
interconnecting unit coupled to the die, and a protective
casing over the die. The interconnecting unit can have a
substrate with a first side and a second side to which the die
is attached, a plurality of contact elements operatively
coupled to corresponding bond-pads on the die, and a
plurality of ball-pads on the first side of the substrate
electrically coupled to the contact elements. The protective
casing can have at least a first cover encapsulating the die on
the first side of the substrate. The packaged microelectronic
device can also include a pressure relief element through at
least a portion of the first cover and/or the substrate. The
pressure relief element can have an opening to an external
environment and a passageway to an internal location within
the packaged microelectronic device. In operation, the pres-
sure relief element releases gases or other forms of moisture
entrapped by the casing and/or the substrate during high

Int. CL temperature processing of the packaged microelectronic
HOIL 23/02 (2006.01) device.
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PACKAGED MICROELECTRONIC DEVICES
WITH PRESSURE RELEASE ELEMENTS AND
METHODS FOR MANUFACTURING AND USING
SUCH PACKAGED MICROELECTONIC DEVICES

TECHNICAL FIELD

[0001] The present invention relates to packaging micro-
electronic devices having a microelectronic die including an
integrated circuit. More particularly, several aspects of the
invention are related to releasing pressure within packaged
microelectronic devices during high temperature processes,
such as reflow processing and burn-in testing.

BACKGROUND

[0002] Microelectronic devices, such as memory devices
and microprocessors, typically include a microelectronic die
encased in a protective covering. The die can include
memory cells, processor circuits, interconnecting circuitry
and/or other functional features. The die also typically
includes an array of very small bond-pads electrically
coupled to the functional features. When the die is packaged,
the bond-pads are coupled to leads, solder ball-pads or other
types of terminals for operatively coupling the microelec-
tronic dies to buses, circuits and/or other microelectronic
devices.

[0003] Several different techniques have been developed
for packaging microelectronic dies. The dies, for example,
can be incorporated into individual packages, mounted with
other components in hybrid or multiple chip modules, or
connected directly to a printed circuit board or other types of
substrates. When a die is incorporated into an individual
package, the bond-pads on the die are typically coupled to
a lead frame, and the die is covered or otherwise sealed from
the environment. When the die is attached directly to a
printed circuit board or another type of substrate, the bond-
pads on the die are typically coupled to corresponding
contact elements on the substrate using wire-bond lines, ball
grid arrays and other techniques. The dies that are mounted
directly to the substrates are generally Chip Scale Package
devices (CSP) or Flip Chip Bare Die devices (Flip-Chip).

[0004] CSP and Flip-Chip devices generally have one or
more protective casings that encapsulate the dies and any
exposed contact elements, bond-pads or wire-bond lines.
The protective casings should shield the die and the other
components on the substrate from environmental factors
(e.g., moisture), electrical interference, and mechanical
shocks. The protective casings are accordingly robust ele-
ments that protect the sensitive components of a microelec-
tronic device. The protective casings are generally com-
posed of plastics, ceramics, or thermosetting materials.

[0005] One conventional technique for fabricating the
protective casings involves placing the die in a cavity of a
mold, and then injecting a thermosetting material into the
cavity. The thermosetting material flows over the die on one
side of the substrate until it fills the cavity, and then the
thermosetting material is cured so that it hardens into a
suitable protective casing for protecting the die. According
to conventional practices, the protective casing should not
have any voids over the die because contaminants from the
molding process or environmental factors outside of the
mold could damage the die. The thermosetting material,
moreover, should not cover a ball-pad array on the substrate
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or damage any electrical connections between the die and
the substrate. Therefore, according to conventional prac-
tices, the thermosetting material should be molded in a
manner that avoids (a) producing voids in the protective
casing, (b) covering certain portions of the substrate with the
thermosetting material, and (¢) displacing or otherwise dam-
aging any wire-bond lines or solder joints between the die
and the substrate.

[0006] One drawback of packaging microelectronic
devices is that during high-temperature processing cracks or
voids can form in the protective casing, or the protective
casing can delaminate from the substrate. Such cracking or
delamination, for example, may occur during a solder reflow
procedure in which the packaged microelectronic devices
are quickly heated to reflow solder balls and/or or solder
paste pads. This problem is particularly noticeable in pro-
cedures that quickly heat the packaged devices to an
elevated temperature. When the casing of a packaged micro-
electronic device cracks or delaminates from the substrate,
the device is often rejected because such cracks or voids can
expose very delicate components (e.g., bond-pads or wire-
bond lines) to external environmental factors. It will be
appreciated that such cracking of the casing results in
extremely expensive losses because it occurs at the end of
the fabrication process after a significant amount of money
has been expended to manufacture each packaged micro-
electronic device. Therefore, it would be desirable to
develop an apparatus and method for reducing or completely
preventing the casing from cracking or delaminating from
the substrate during high temperature processing.

SUMMARY

[0007] The present invention is directed toward packaged
microelectronic devices and methods for making and using
such packaged microelectronic devices. In one aspect of the
invention, a packaged microelectronic device includes a
microelectronic die, an interconnecting unit coupled to the
die, and a protective casing over the die. The microelectronic
die, for example, may have an integrated circuit and a
bond-pad array having a plurality of bond-pads operatively
coupled to the integrated circuit. The interconnecting unit
has a substrate with a first side and a second side to which
the die is attached, a plurality of contact elements opera-
tively coupled to corresponding bond-pads on the die, and a
plurality of ball-pads on the first side of the substrate. The
interconnecting unit can also include a plurality of conduc-
tive elements extending from selected contact elements to
corresponding ball-pads to electrically couple the contact
elements to the ball-pads. The protective casing can have at
least a first cover encapsulating the die on the first side of the
substrate.

[0008] The packaged microelectronic device can also
include a pressure relief element through at least a portion of
the first cover and/or the substrate. The pressure relief
element can have an opening to an external environment and
a passageway to an internal location or interior point within
the packaged microelectronic device. The pressure relief
element, for example, can be a hole or opening through the
substrate to an adhesive strip on the bottom side of the die.
In another embodiment, the pressure relief element is a hole
through the first cover to either the substrate or the micro-
electronic die. In still another embodiment, the pressure
relief element is a depression that extends only part way
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through the cover or the substrate such that the passageway
forms a thin section of the first cover or the substrate. In
operation, the pressure relief element releases gases or other
forms of moisture entrapped by the casing and/or the sub-
strate during high temperature processing of the packaged
microelectronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a top cut-away isometric view illustrating
a portion of a microelectronic device in accordance with an
embodiment of the invention.

[0010] FIG. 2A is a top isometric view of the microelec-
tronic device of FIG. 1.

[0011] FIG. 2B is a front cross-sectional view of the
microelectronic device of FIG. 2A.

[0012] FIG. 3 is a front cross-sectional view of a micro-
electronic device in accordance with another embodiment of
the invention.

[0013] FIG. 4A is a bottom isometric view and FIG. 4B
is a front cross-sectional view of a microelectronic device in
accordance with another embodiment of the invention.

[0014] FIGS. 5A and 5B are front cross-sectional views
of a microelectronic device in accordance with another
embodiment of the invention.

[0015] FIGS. 6A and 6B are front cross-sectional views
of a microelectronic device in accordance with still another
embodiment of the invention.

[0016] FIG. 7 is a side cross-sectional view of a micro-
electronic device and a mold assembly used to form a
protective casing with pressure relief elements in accordance
with an embodiment of the invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0017] The following disclosure is directed toward pack-
aged microelectronic devices, interconnecting units for
packaged microelectronic devices, and methods for manu-
facturing and using packaged microelectronic devices. Sev-
eral embodiments of the invention are described with ref-
erence to memory devices, but the methods and apparatuses
are also applicable to microprocessors and other types of
devices. One skilled in the art will accordingly understand
that the present invention may have additional embodi-
ments, or that the invention may be practiced without several
of the details described below.

[0018] FIG. 1 is a top cut-away isometric view of a
microelectronic device 10 in accordance with one embodi-
ment of the invention. The microelectronic device 10 can
include a substrate 20 and a microelectronic die 40 attached
to the substrate 20 by an adhesive strip 60. The following
description is directed toward encapsulating a microelec-
tronic die on a flexible substrate, but it is expected that
several embodiments of the methods and apparatuses in
accordance with the present invention may be practiced to
encapsulate a large variety of electrical and/or non-electrical
articles. Therefore, the following description with respect to
encapsulating the microelectronic die 20 shown in FIGS.
1-7B is for purpose of illustration only, and it is not intended
to limit the scope of the invention.
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[0019] The embodiment of the substrate 20 shown in FIG.
1 can have a first end 21, a second end 22 opposite the first
end 21, a first surface 23, and a second surface 24 opposite
the first surface 23. The substrate 20 can also include an
elongated slot 25 between the first and second surfaces 23
and 24 that extends lengthwise along a medial portion of the
substrate 20. Additionally, an aperture 26 through the sub-
strate 20 can be located at a secondary gate location gener-
ally proximate to the second end 22 of the substrate 20. The
substrate 20 is one component of an interconnecting unit that
provides an array of ball-pads for coupling very small
bond-pads on the microelectronic die 40 to voltage sources,
signal sources, and/or other input/output sources. In the
embodiment shown in FIG. 1, the substrate 20 includes an
array of ball-pads 27, an array of contact elements 28
proximate to the slot 25, and a trace 29 or another type of
conductive line between each ball-pad 27 and a correspond-
ing contact element 28. The substrate 20 can be a flexible
material or a substantially rigid material, and the traces 29
can be conductive lines that are printed on the substrate in
a manner similar to printed circuit boards.

[0020] The embodiment of the microelectronic die 40
shown in FIG. 1 includes a front side 41, a plurality of
bond-pads 42 on the front side 41, and an integrated circuit
44 (shown schematically). The front side 41 of the die 40 is
attached to the second surface 24 of the substrate 20 by an
adhesive strip 60. The bond-pads 42 are coupled to the
integrated circuit 44, and the bond-pads 42 are also arranged
in an array along the front side 41 of the microelectronic die
40 so that the bond-pads 42 are aligned with or otherwise
accessible through the slot 25 in the substrate 20. A plurality
of' wire-bond lines 50 or other types of connectors couple the
bond-pads 42 on the die 40 to corresponding contact ele-
ments 28 on the substrate 20. As such, the substrate 20
distributes the very small bond-pads 42 to the larger array of
ball-pads 27. The die 40 projects away from the second
surface 24 of the substrate 20 such that a backside 45 of the
die 40 is spaced apart from the second surface 24 of the
substrate 20.

[0021] The microelectronic device 10 can further include
a protective casing having a first cover 70a over the die 40
and a second cover 705 over the slot 25. The first and second
covers 70a and 705 can be formed from a thermosetting
material, ceramics, or other suitable materials. The first and
second protective covers 70a and 705 can be molded as
explained in U.S. patent application Ser. No. 09/255,554,
which is herein incorporated by reference.

[0022] The embodiment of the microelectronic device 10
shown in FIG. 1 also includes a plurality of pressure relief
elements 80 that are configured to release a gas entrapped in
the microelectronic device 10. The substrate 20 and/or the
adhesive strip 60 can absorb moisture, and the first and
second covers 70a and 705 can entrap this moisture in the
area around the die 40. When the microelectronic device 10
is quickly heated in a solder reflow process or another
high-temperature procedure, the entrapped moisture
expands and creates a pressure gradient in the microelec-
tronic device 10. The pressure relief elements 80 provide a
path through which the expanding gas can escape without
cracking the covers 70a or 705, delaminating the substrate
20 and/or the covers 70a or 705, or otherwise damaging the
microelectronic device 10.
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[0023] FIG. 2A is a top isometric view and FIG. 2B is a
front cross-sectional view that illustrate various embodi-
ments of the pressure relief elements 80 in further detail.
Referring to FIG. 2A, the pressure relief elements 80 can be
a series of passageways completely through the substrate 20
at an area outside of the ball-pads 27. The pressure relief
elements 80 can be of elongated channels (shown on one
side of the cover 705), or the pressure relief elements 80 can
be holes (shown on the other side of the second cover 705).
The pressure relief elements 80 can also be shorter elongated
channels or slots that fit between the ball-pads 27 and the
traces 29 (shown in broken lines). In a typical application,
the pressure relief elements 80 will be either elongated
channels on both sides of the second cover 705, or a series
of holes on both sides of the second cover 706 (as shown in
FIG. 1). Referring to FIG. 2B, the pressure relief elements
80 include a passageway 82 having a first end defined by an
opening 84 at an external location and a second end at an
interior point 86 of the microelectronic device 10. In the
particular embodiment shown in FIG. 2B, the opening 84 is
at the first surface 23 of the substrate 20 and the interior
point 86 is at the second surface 24 of the substrate 20.

[0024] The pressure relief elements 80 of the embodiment
shown in FIG. 2B are also positioned over the adhesive strip
60 to expose a portion of the adhesive 60 to the external
environment. The location of the pressure relief elements 80
is generally selected to provide a passageway to internal
locations within the substrate where moisture is likely to be
entrapped. Thus, as explained in more detail below, the
pressure relief elements 80 can be configured to allow
moisture to escape from the substrate 20, the adhesive 60,
the covers 70a and 705, and/or any combination of these
components.

[0025] The pressure relief elements 80 shown in FIGS.
1-2B can be formed by etching or laser cutting the substrate
20 before attaching the adhesive 60 to the second surface 24
of the substrate 20. The pressure relief elements 80, for
example, can be etched by masking the substrate 20 with a
photo resist and etching through the substrate 20 with a
suitable etchant. Similarly, a laser can cut through the
substrate 20 using techniques that are known in the art. The
pressure relief elements 80 can also be formed by mechani-
cally drilling (e.g., gang drilling), punching, stamping, or
molding the holes or slots in the substrate 20.

[0026] The microelectronic device 10 is particularly well
suited for use in high temperature post-encapsulation pro-
cesses, such as solder reflow processing and burn-in testing.
When the microelectronic device 10 is subject to a process
that rapidly increases the temperature, the expansion of the
moisture entrapped in the substrate 20, the adhesive 60,
and/or the first and second covers 70a and 705 generates a
pressure gradient in the internal region of the microelec-
tronic device 10. The adhesive tape 60, for example, is
particularly subject to absorbing moisture, and thus a pres-
sure gradient typically forms in the region of the adhesive 60
during high temperature processing. The pressure relief
elements 80 allow the moisture in the tape 60 and the other
components of the device 10 to diffuse out of the device 10
before large pressure gradients are created in the substrate 20
or the first and second covers 70a and 706. The pressure
relief elements 80 are accordingly expected to inhibit or
completely prevent cracking or delaminating of the covers
70a and 705 during high temperature processing.

Aug. 17, 2006

[0027] FIG. 3 is a front cross-sectional view of a micro-
electronic device 10a in accordance with another embodi-
ment of the invention. In this embodiment, the microelec-
tronic device 10a includes a substrate 20, a die 40 attached
to the substrate 20 by an adhesive 60, and the first and
second covers 70a and 705. The microelectronic device 10a
can also include a plurality of pressure relief elements 80
that are defined by passageways 82 extending through the
substrate 20. Unlike the microelectronic device 10 in which
the passageways 82 extend to the adhesive 60, the pressure
relief elements 80 of the microelectronic device 10 are
defined by passageways 82 that extend from the first surface
23 of the substrate 20 to the second surface 24 of the
substrate 20 at a location over the first cover 70a and spaced
apart from the adhesive 60. The microelectronic device 10a
accordingly provides pressure relief elements 80 for allow-
ing moisture to diffuse out of the substrate 20 and the first
cover 70a during high temperature processing. In another
embodiment, the pressure relief elements 80 shown in
FIGS. 2B and 3 are combined in a single microelectronic
device having a first plurality of pressure relief elements 80
that expose the adhesive 60 to the external environment
(FIG. 2A) and a second plurality of pressure relief elements
80 expose the interior of the first cover 70a to an external
environment (FIG. 3).

[0028] FIG. 4A is a bottom isometric view and FIG. 4B
is a front cross-sectional view of a microelectronic device
10c in accordance with another embodiment of the inven-
tion. Referring to FIG. 4A, the microelectronic device 10c¢
has a plurality of pressure relief elements 80 extending
through the first cover 70a. Referring to FIG. 4B, the
pressure relief elements 80 can be a series of passageways
82 extending through a top portion of the first cover 70a.
Each passageway 82 can have an opening 84 exposed to
external environment and an interior point 86 at the backside
45 of the die 40. In operation, the pressure relief elements 80
shown in FIG. 4B allow moisture to escape from the first
cover 70a during high temperature processing.

[0029] FIGS. 5A and 5B are front cross-sectional views
of a microelectronic device 500 in accordance with another
embodiment of the invention. Referring to FIG. 5A, the
microelectronic device 500 includes a substrate 520 having
a first surface 523 and a second surface 524. The die 40 is
attached to the second surface 524 of the substrate 520, the
first cover 70a encases the die 40, and the second cover 705
encases the bond-pads 42 and the wire-bond lines 50 at the
first surface 523 of the substrate 520. Several components of
the microelectronic device 500 can be similar to the com-
ponents of the microelectronic device 10 shown in FIG. 2B,
and thus like reference numbers refer to like components in
FIGS. 2B, 5A and 5B. The substrate 520, for example, can
also have a slot 25, a plurality of contact elements 28
adjacent to the slot 25, a plurality of ball-pads 27 spaced
apart from the contact elements 28, and a plurality of
conductive elements electrically coupling selected contact
elements to corresponding ball-pads 27.

[0030] The microelectronic device 500 can also include a
plurality of pressure relief elements 580 through a portion of
the substrate 520. In the embodiment illustrated in FIG. 5A,
the pressure relief elements 580 are depressions 582 that
have an opening 584 at the first surface 523 on the substrate
520 and an interior point 586 proximate to the second
surface 524 of the substrate 520. The depressions 582 do not
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extend completely through the substrate 520 such that the
interior point 586 of the pressure relief elements 580 is at an
intermediate depth in the substrate 520. The pressure relief
elements 580 can be superimposed over the adhesive strips
60 (shown in FIG. 5A), or the pressure relief 580 can be
located over the first cover 70a in a manner similar to the
pressure relief elements 80 shown in FIG. 3.

[0031] FIG. 5B illustrates the operation of the pressure
relief elements 580 in the microelectronic device 500. As the
microelectronic device 500 is heated during a high tempera-
ture process, the expanding moisture in the adhesive 60, the
substrate 520, and/or the covers 70a and 705 can rupture the
thin section of the substrate 520 at the interior point 586 of
a passageway 582 to form a via 588 through which the
expanding gas can escape. The pressure relief elements 580
accordingly act as pressure relief valves that rupture to
prevent the pressure gradient from becoming so large that it
cracks or otherwise delaminates the first or second covers
70a or 705. The thickness “t” of the thin section of the
substrate 520 between the interior point 586 and the second
surface 524 can accordingly be selected to rupture and form
the via 588 at a pressure that is less than the failure pressure
of the first and second covers 70a and 705.

[0032] The pressure relief elements 580 can also be fab-
ricated by laser cutting, etching, drilling, stamping, emboss-
ing, or molding the substrate 520. A laser, for example, can
have a residence time that does not penetrate through the
substrate 520 but rather only forms the depression 582
without passing through the second surface 524. Suitable
laser and etching techniques that can form a controlled
depression are known in the art.

[0033] FIGS. 6A and 6B are front cross-sectional views
of a microelectronic device 600 in accordance with yet
another embodiment of the invention. Several components
of the microelectronic device 600 can be similar to the
components of the microelectronic device 10 shown in FIG.
2B, and thus like reference numbers refer to like parts in
FIGS. 2B, 6A and 6B. The microelectronic device 600 can
also include a plurality of pressure relief elements 680
through a portion of the first cover 70a. The pressure relief
elements 680, for example, can be a plurality of depressions
682 having an opening 684 and an interior point 686. The
opening 684 is exposed to external environment, and the
interior point 686 is at an intermediate depth in the first
cover 70a. Referring to FIG. 6B, the thin section of the first
cover 70a between the interior point 686 and the backside 45
of the die 40 can rupture during a high temperature process
to relieve pressure in the first cover 70a. The left-most
pressure relief element 680a in FIG. 6B, for example,
illustrates a ruptured pressure relief element 680 that forms
a via 688 through which high pressure gas can escape from
the microelectronic device 600. As set forth above, the
thickness t of the first cover 70a between the back side 45
of the die 40 and the interior point 686 of the pressure relief
element 680 can be selected to rupture at a predetermined
pressure that is less than the failure pressure of the thicker
portion of the cover 70a. As such, the pressure relief
elements 680 can act as pressure relief valves that are
positioned at predetermined failure sites to relieve pressure
within the microelectronic device 600 before the first cover
70a or the second cover 7056 cracks or has another type of
catastrophic failure.
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[0034] FIG. 7 is a side cross-sectional view of a mold
assembly and a method for forming the first cover 70a for
the microelectronic device 600 shown in FIGS. 6A and 6B.
The mold assembly can include a first mold section 200 and
a second mold section 300. The first mold section 200 has a
bearing surface 220 and a wire-side cavity 224, and the
second mold section 300 has a bearing surface 320, a
die-side cavity 324, and a plurality of posts 329 in the
die-side cavity 324. The wire-side cavity 224 is configured
to form the second cover 706 over the slot 25 of the substrate
20, and the die-side cavity 324 is configured to form the first
cover 70a over the die 40. The second mold section 300 can
also include a gate 326 and an injection chamber 328
through which a flow F of mold compound (e.g., thermo-
setting material) is injected into the die-side cavity 324.

[0035] During the molding process, the substrate 20 is
positioned between the first and second mold sections 200
and 300 to align the die 40 with the die-side cavity 324 and
to align the slot 25 with the wire-side cavity 224. The
bearing surface 320 of the second mold section 300 presses
against the second surface 24 of the substrate 20, and the
bearing surface 220 of the first mold section 200 can press
against the first surface 23 of the substrate 20. The bearing
surface 220 of the first mold section 200 can engage the first
surface 23 of the substrate 20 by injecting a mold compound
into the die-side cavity 324, as explained in U.S. patent
application Ser. No. 09/255,554. The flow of mold com-
pound F initially passes through the gate 326 of the second
mold section 300 and continues into the die-side cavity 324
to create a first flow A, of mold compound heading in a first
direction toward the second end 22 of the substrate 20. The
first flow A, of mold compound passes through the aperture
26 in the substrate 20 to generate a second flow B, of mold
compound that flows through the wire-side cavity 224 of the
first mold section 200. The second flow B, of mold com-
pound fills the slot 25 of the substrate 20 and flows in a
second direction until it reaches a terminal end 227 of the
wire-side cavity 224. When the mold compound sufficiently
fills the die-side cavity 324 and the wire-side cavity 224, the
post 329 in the die-side cavity 324 form the pressure relief
elements 680 in the first cover 70a shown in FIGS. 6A and
6B. Similarly, to form the pressure relief elements 80 in the
first cover 70a shown in FIG. 4B, the posts 329 can be
lengthened so that they engage the back side 45 of the
substrate 40 when the bearing surface 320 of the second
mold section 300 engages the second surface 24 of the
substrate 20.

[0036] From the foregoing it will be appreciated that
specific embodiments of the invention have been disclosed
for purposes of enablement and illustration, but that various
modifications may be made without deviating from the spirit
and scope of the invention. For example, certain embodi-
ments of the pressure relief elements 80 shown in FIGS.
2A-3 or the pressure relief elements 580 shown in FIGS. 5A
and 5B can also relieve pressures caused by mechanical
stresses as a result of the different coefficients of thermal
expansion for the different components of the microelec-
tronic device 10. The substrate 20 generally has a different
coeflicient of thermal expansion than the molding compound
of the first and second covers 70a and 705. The microelec-
tronic device 10 generally has a low level of internal
mechanical stress at room temperature because the first and
second covers 70a and 7056 shrink after cooling from the
molding process. During high temperature processing, how-
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ever, the microelectronic substrate 10 can have high internal
mechanical stresses because the first and second covers 70a
and 705 can expand much more than the substrate 20. The
elongated pressure relief elements 80 shown on the one side
of the cover 705 in FIG. 2A are expected to reduce the
internal mechanical stresses caused by different thermal
expansion/contraction characteristics of the different com-
ponents in the microelectronic device 10 because the elon-
gated pressure relief elements 80 act as expansion joints.
Thus, the term pressure relief element can include structures
that provide a path through which gas can escape from the
microelectronic device, that relieve internal mechanical
stresses caused by different thermal expansion/contraction
characteristics, and/or that control or otherwise dissipate
other internal stresses in microelectronic devices. Accord-
ingly, the invention is not limited except by the appended
claims.

1. A packaged microelectronic device, comprising:

a microelectronic die having an integrated circuit and a
bond-pad array having a plurality of bond-pads opera-
tively coupled to the integrated circuit;

an interconnecting unit having a substrate with a first side
and a second side to which the die is attached, a
plurality of contact elements operatively coupled to
corresponding bond-pads on the die, a plurality of
ball-pads on the first side, and a plurality of conductive
elements extending from selected contact elements to
corresponding ball-pads;

a protective casing having at least a first cover encapsu-
lating the die on the second side of the substrate; and

a pressure relief element through at least a portion of the
first cover and/or the substrate, the pressure relief
element having an opening to an external environment
and a passageway to an internal location.

2. The device of claim 1 wherein the pressure relief
element is a hole completely through the substrate such that
the opening is at the first side of the substrate and the internal
location is at the second side of the substrate.

3. The device of claim 2 wherein:

the microelectronic die is attached to the second side of
the substrate by an adhesive; and

the pressure relief element is over the adhesive such that
the adhesive is exposed to the external environment
through the passageway.

4. The device of claim 1 wherein the pressure relief
element is an elongated channel completely through the
substrate such that the opening is at the first side of the
substrate and the internal location is at the second side of the
substrate.

5. The device of claim 4 wherein:

the microelectronic die is attached to the second side of
the substrate by an adhesive; and

the pressure relief element is over the adhesive such that
the adhesive is exposed to the external environment
through the passageway.

6. The device of claim 1 wherein the pressure relief
element is a depression in the substrate that does not pass
completely through the substrate such that the opening is at
the first side of the substrate and the internal location is at an
intermediate depth within the substrate, the substrate having
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a thickness between the internal location and the second side
that is configured to rupture at a predetermined pressure.
7. The device of claim 6 wherein:

the microelectronic die is attached to the second side of
the substrate by an adhesive; and

the depression is over the adhesive.

8. The device of claim 1 wherein the pressure relief
element is a hole completely through the first cover such that
the internal location is at a backside of the die.

9. The device of claim 1 wherein the pressure relief
element is a depression in the first cover that does not pass
completely through the first cover such that the internal
location is at an intermediate depth within the first cover, the
first cover having a thickness between the internal location
and a backside of the die that is configured to rupture at a
predetermined pressure.

10. A packaged microelectronic device, comprising:

a microelectronic die having an integrated circuit and a
bond-pad array having a plurality of bond-pads opera-
tively coupled to the integrated circuit;

an interconnecting unit having a substrate with a first side
and a second side to which the die is attached, a
plurality of contact elements operatively coupled to
corresponding bond-pads on the die, a plurality of
ball-pads on the first side, and a plurality of conductive
elements extending from selected contact elements to
corresponding ball-pads;

a protective casing having at least a first cover encapsu-
lating the die on the second side of the substrate; and

a pressure relief element through at least a portion of the
first cover and/or the substrate, the pressure relief
element being configured to release a gas entrapped by
the casing and/or the substrate.

11. The device of claim 10 wherein the pressure relief
element is a hole completely through the substrate such that
the opening is at the first side of the substrate and the internal
location is at the second side of the substrate.

12. The device of claim 11 wherein:

the microelectronic die is attached to the second side of
the substrate by an adhesive; and

the pressure relief element is over the adhesive such that
the adhesive is exposed to the external environment
through the passageway.

13. The device of claim 10 wherein the pressure relief
element is an elongated channel completely through the
substrate such that the opening is at the first side of the
substrate and the internal location is at the second side of the
substrate.

14. The device of claim 13 wherein:

the microelectronic die is attached to the second side of
the substrate by an adhesive; and

the pressure relief element is over the adhesive such that
the adhesive is exposed to the external environment
through the passageway.

15. The device of claim 10 wherein the pressure relief
element is a depression in the substrate that does not pass
completely through the substrate such that the opening is at
the first side of the substrate and the internal location is at an
intermediate depth within the substrate, the substrate having



US 2006/0180907 Al

a thickness between the internal location and the second side
that is configured to rupture at a predetermined pressure.
16. The device of claim 15 wherein:

the microelectronic die is attached to the second side of
the substrate by an adhesive; and

the depression is over the adhesive.

17. The device of claim 10 wherein the pressure relief
element is a hole completely through the first cover such that
the internal location is at a backside of the die.

18. The device of claim 10 wherein the pressure relief
element is a depression in the first cover that does not pass
completely through the first cover such that the internal
location is at an intermediate depth within the first cover, the
first cover having a thickness between the internal location
and a backside of the die that is configured to rupture at a
predetermined pressure.

19. A packaged microelectronic device, comprising:

an interconnecting unit having a substrate with a first side
and a second side, a slot defining an open region
between the first and second sides, a plurality of contact
elements on the first side and adjacent to the slot, a
plurality of ball-pads on the first side, and a plurality of
conductive elements on the first side extending from
selected contact elements to corresponding ball-pads;
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a microelectronic die having an integrated circuit and a
plurality of bond-pads operatively coupled to the inte-
grated circuit, the die being attached to the second side
of the substrates, and the bond-pads being aligned with
the slot;

a plurality of wire-bond lines in the slot extending
between selected bond-pads on the die and correspond-
ing contact elements on the substrate;

a protective casing having a first cover encapsulating the
die on the second side of the substrate and a second
cover encapsulating the bond-pads, the wire-bond lines
and the contact elements; and

a first pressure relief element through at least a portion of
the first cover and/or the substrate, the pressure relief
element being configured to release a gas entrapped by
the casing and/or the substrate.

20. The device of claim 19 wherein the pressure relief
element is a hole completely through the substrate such that
the opening is at the first side of the substrate and the internal
location is at the second side of the substrate.

21-49. (canceled)



