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PACKAGING SYSTEM WITH HOLLOW PACKAGE 

TECHNICAL FIELD 

 The present invention relates generally to integrated circuit packaging, and more 

particularly to a system for packaging integrated circuits and micro-electromechanical 

systems. 

BACKGROUND ART 

 In the highly integrated world of cell phones, digital recording devices and personal 

audio players, micro-electromechanical systems and integrated circuits play a key role. These 

miniature devices allow functional integration to achieve extremely small form factors. 

 MEMS devices are typically made on silicon wafers; using one of two well 

established techniques: bulk micro-machining or surface micro-machining. In both of these 

methods, the MEMS device is fabricated on a silicon wafer using standard IC-type 

fabrication equipment. Once the wafer is processed, the wafer is diced to form individual die. 

These MEMS die may or may not be integrated with electronic components (on CMOS). 

Once the die is singulated, it must then be packaged in some form of package, similar to an 

IC package. This package is eventually inserted into a socket or bonded to a Printed Circuit 

Board (PCB) as part of an overall system, i.e., a cell phone. These packages can be quite 

elaborate, depending on the MEMS style and application, including vacuum package 

requirements. In addition, because many MEMS devices are required to move during 

operation, the package must provide a cavity that allows for this movement. 

 One problem with this type of MEMS packaging methodology is that the package is 

a very large proportion of the total MEMS device cost; on the order of 30 to 70% of the 

overall cost. This packaging cost can, therefore, have a significant impact on the capability of 

such MEMS devices to penetrate cost-sensitive markets, such as the cell phone market. 

 Another problem with existing MEMS packaging is the noise inherent with the 

electrical connections between the MEMS package and the rest of the system. The bonding, 

wiring, and electrical interconnections associated with interfacing a MEMS device embedded 

in a package, to a circuit, necessarily adds impedance mismatches that result in noisy or low 

amplitude signals. 

PACKAGING SYSTEM WITH HOLLOW PACKAGE TECHNICAL FIELD
The present invention relates generally to integrated circuit packaging, and
more particularly to a system for packaging integrated circuits and
micro-electromechanical systems. BACKGROUND ART         In the highly
integrated world of cell phones, digital recording devices and personal audio
players, micro-electromechanical systems and integrated circuits play a key
role. These miniature devices allow functional integration to achieve
extremely small form factors.         MEMS devices are typically made on
silicon wafers; using one of two well established techniques: bulk
micro-machining or surface micro-machining. In both of these methods, the
MEMS device is fabricated on a silicon wafer using standard IC-type
fabrication equipment. Once the wafer is processed, the wafer is diced to
form individual die. These MEMS die may or may not be integrated with
electronic components (on CMOS). Once the die is singulated, it must then
be packaged in some form of package, similar to an IC package. This
package is eventually inserted into a socket or bonded to a Printed Circuit
Board (PCB) as part of an overall system, i.e., a cell phone. These packages
can be quite elaborate, depending on the MEMS style and application,
including vacuum package requirements. In addition, because many MEMS
devices are required to move during operation, the package must provide a
cavity that allows for this movement.         One problem with this type of
MEMS packaging methodology is that the package is a very large proportion
of the total MEMS device cost; on the order of 30 to 70% of the overall cost.
This packaging cost can, therefore, have a significant impact on the capability
of such MEMS devices to penetrate cost-sensitive markets, such as the cell
phone market.         Another problem with existing MEMS packaging is the
noise inherent with the electrical connections between the MEMS package
and the rest of the system. The bonding, wiring, and electrical
interconnections associated with interfacing a MEMS device embedded in a
package, to a circuit, necessarily adds impedance mismatches that result in
noisy or low amplitude signals.         However, there is mounting evidence
that MEMS technology can add value to systems, such as cell phones, in a
market that is ripe for new technology, if only the packaging issue could be
addressed. Continuing with the cell phone example, it is certain that the
camera-on-cell phone has made a great impact on the market. The search is
on for the next added functionality that can drive new expansion of the cell
phone market. 
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 However, there is mounting evidence that MEMS technology can add value to 

systems, such as cell phones, in a market that is ripe for new technology, if only the 

packaging issue could be addressed. Continuing with the cell phone example, it is certain that 

the camera-on-cell phone has made a great impact on the market. The search is on for the 

next added functionality that can drive new expansion of the cell phone market. 

 MEMS may be used for microphones, RF devices, image capture, identification, 

advanced display functionality, personal health and safety monitoring, and motion capture. 

The issues preventing MEMS penetration into the cell phone market are cost and 

performance. As mentioned above, packaging is 30 to 70% of the MEMS device cost. This 

cost issue is preventing the full integration of MEMS into all cell phones, display systems, 

and many other types of electronic devices. 

 MEMS devices are a logical derivative of semiconductor IC processes that may be 

used to develop micrometer scale structural devices such as transducers or actuators, and they 

are typically fabricated on silicon substrates. MEMS devices typically interface physical 

variables and electronic signal circuits. The integration of MEMS into larger scale systems 

has been expensive to fabricate due to the process difficulties and the cost associated with 

integrating the MEMS standard IC technologies, such as CMOS. The processes used to 

fabricate MEMS on glass offer the advantage that the integration of electrical and mechanical 

functions is easily done. In this way, system level integration is possible and cost effective. 

 Thus, a need still remains for a packaging system, that can facilitate a cost effective 

integration that meets the electrical requirements of the target application. In view of the 

enormous demand for increased functionality in ever smaller packages, it is increasingly 

critical that answers be found to these problems. In view of the ever-increasing commercial 

competitive pressures, along with growing consumer expectations and the diminishing 

opportunities for meaningful product differentiation in the marketplace, it is critical that 

answers be found for these problems. Additionally, the need to save costs, improve 

efficiencies and performance, and meet competitive pressures, adds an even greater urgency 

to the critical necessity for finding answers to these problems. 

 Solutions to these problems have been long sought but prior developments have not 

taught or suggested any solutions and, thus, solutions to these problems have long eluded 

those skilled in the art. 

MEMS may be used for microphones, RF devices, image capture,
identification, advanced display functionality, personal health and safety
monitoring, and motion capture. The issues preventing MEMS penetration
into the cell phone market are cost and performance. As mentioned above,
packaging is 30 to 70% of the MEMS device cost. This cost issue is
preventing the full integration of MEMS into all cell phones, display systems,
and many other types of electronic devices.        MEMS devices are a logical
derivative of semiconductor IC processes that may be used to develop
micrometer scale structural devices such as transducers or actuators, and
they are typically fabricated on silicon substrates. MEMS devices typically
interface physical variables and electronic signal circuits. The integration of
MEMS into larger scale systems has been expensive to fabricate due to the
process difficulties and the cost associated with integrating the MEMS
standard IC technologies, such as CMOS. The processes used to fabricate
MEMS on glass offer the advantage that the integration of electrical and
mechanical functions is easily done. In this way, system level integration is
possible and cost effective.        Thus, a need still remains for a packaging
system, that can facilitate a cost effective integration that meets the electrical
requirements of the target application. In view of the enormous demand for
increased functionality in ever smaller packages, it is increasingly critical that
answers be found to these problems. In view of the ever-increasing
commercial competitive pressures, along with growing consumer
expectations and the diminishing opportunities for meaningful product
differentiation in the marketplace, it is critical that answers be found for these
problems. Additionally, the need to save costs, improve efficiencies and
performance, and meet competitive pressures, adds an even greater urgency
to the critical necessity for finding answers to these problems.        Solutions
to these problems have been long sought but prior developments have not
taught or suggested any solutions and, thus, solutions to these problems
have long eluded those skilled in the art.  DISCLOSURE OF THE
INVENTION          The present invention provides a packaging system
comprising: forming terminal leads; configuring a cavity by connecting the
terminal leads with a compound; attaching an integrated circuit device, a
micro-electromechanical system, a micro-mechanical system, or a
combination thereof in the cavity; and bonding a cover to the terminal leads
for enclosing the cavity.          Certain embodiments of the invention have
other aspects in addition to or in place of those mentioned above. The
aspects will become apparent to those skilled in the art from a reading of the
following detailed description when taken with reference to the accompanying
drawings. BRIEF DESCRIPTION OF THE DRAWINGS         FIG. 1 is a
cross-sectional view of a packaging system with hollow package, in an
embodiment of the present invention; 
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DISCLOSURE OF THE INVENTION 

 The present invention provides a packaging system comprising: forming terminal 

leads; configuring a cavity by connecting the terminal leads with a compound; attaching an 

integrated circuit device, a micro-electromechanical system, a micro-mechanical system, or a 

combination thereof in the cavity; and bonding a cover to the terminal leads for enclosing the 

cavity. 

 Certain embodiments of the invention have other aspects in addition to or in place of 

those mentioned above. The aspects will become apparent to those skilled in the art from a 

reading of the following detailed description when taken with reference to the accompanying 

drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

 FIG. 1 is a cross-sectional view of a packaging system with hollow package, in an 

embodiment of the present invention; 

 FIG. 2 is a bottom side plan view of the hollow package, of FIG. 1; 

 FIG. 3 is a cross-sectional view of a packaging system with hollow package, in an 

alternative embodiment of the present invention; 

 FIG. 4 is a bottom plan view of the hollow package, of FIG. 3; 

 FIG. 5 is a cross-sectional view of a packaging system with hollow package, in 

another alternative embodiment of the present invention; 

 FIG. 6 is a cross-sectional view of a packaging system with hollow package, in yet 

another alternative embodiment of the present invention; 

 FIG. 7 is a cross-sectional view of a packaging system with hollow package, in a 

package on package configuration; 

 FIG. 8 is a cross-sectional view of a packaging system, in a hollow package 

configured as a microphone; 

 FIG. 9 is a cross-sectional view of a packaging system with hollow package, in an 

alternative hollow package configured as a microphone; 

 FIG. 10 is a cross-sectional view of the packaging system with hollow package, in 

another alternative hollow package configured as a microphone and mounted on a printed 

circuit board; 

FIG. 2 is a bottom side plan view of the hollow package, of FIG. 1;         FIG.
3 is a cross-sectional view of a packaging system with hollow package, in an
alternative embodiment of the present invention; FIG. 4 is a bottom plan view
of the hollow package, of FIG. 3;         FIG. 5 is a cross-sectional view of a
packaging system with hollow package, in another alternative embodiment of
the present invention;         FIG. 6 is a cross-sectional view of a packaging
system with hollow package, in yet another alternative embodiment of the
present invention;          FIG. 7 is a cross-sectional view of a packaging
system with hollow package, in a package on package configuration;
FIG. 8 is a cross-sectional view of a packaging system, in a hollow package
configured as a microphone;         FIG. 9 is a cross-sectional view of a
packaging system with hollow package, in an alternative hollow package
configured as a microphone;          FIG. 10 is a cross-sectional view of the
packaging system with hollow package, in another alternative hollow package
configured as a microphone and mounted on a printed circuit board;  
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 FIG. 11 is a bottom plan view of the packaging system with hollow package, in yet 

another alternative embodiment of the hollow package; 

 FIG. 12 is a flow diagram of a component staging for the assembly of the packaging 

system with hollow package; 

 FIG. 13 is a cross-sectional view of a lead frame sheet, in a preparation phase of 

manufacturing; 

 FIG. 14 is a cross-sectional view of the pre-molded lead frame sheet, in a die attach 

phase of manufacturing; 

 FIG. 15 is a cross-sectional view of the pre-molded lead frame sheet, in a wire bond 

phase of manufacturing; 

 FIG. 16 is a cross-sectional view of a package sheet, in a cover seal phase of 

manufacturing; 

 FIG. 17 is a cross-sectional view of the hollow package, in a singulation phase of 

manufacturing; 

 FIG. 18 is a bottom plan view of a packaging system with hollow package; 

 FIG. 19 is a cross-sectional view of a packaging system taken along the section line 

19--19 of FIG. 18; 

 FIG. 20 is a cross-sectional view of a package system taken along the section line 

20--20 of FIG. 18; 

 FIG. 21 is an isometric view of a corner section of the inside of the cavity of FIG. 1; 

and 

 FIG. 22 is a flow chart of a packaging system with hollow package for 

manufacturing the packaging system with hollow package in an embodiment of the present 

invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

 The following embodiments are described in sufficient detail to enable those skilled 

in the art to make and use the invention. It is to be understood that other embodiments would 

be evident based on the present disclosure, and that process or mechanical changes may be 

made without departing from the scope of the present invention. 

 In the following description, numerous specific details are given to provide a 

thorough understanding of the invention. However, it will be apparent that the invention may 

be practiced without these specific details. In order to avoid obscuring the present invention, 

FIG. 11 is a bottom plan view of the packaging system with hollow package,
in yet another alternative embodiment of the hollow package;        FIG. 12 is
a flow diagram of a component staging for the assembly of the packaging
system with hollow package;         FIG. 13 is a cross-sectional view of a lead
frame sheet, in a preparation phase of manufacturing;         FIG. 14 is a
cross-sectional view of the pre-molded lead frame sheet, in a die attach
phase of manufacturing;         FIG. 15 is a cross-sectional view of the
pre-molded lead frame sheet, in a wire bond phase of manufacturing;
FIG. 16 is a cross-sectional view of a package sheet, in a cover seal phase of
manufacturing;         FIG. 17 is a cross-sectional view of the hollow package,
in a singulation phase of manufacturing; FIG. 18 is a bottom plan view of a
packaging system with hollow package;        FIG. 19 is a cross-sectional view
of a packaging system taken along the section line 19--19 of FIG. 18;
FIG. 20 is a cross-sectional view of a package system taken along the
section line 20--20 of FIG. 18; 
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some well-known circuits, system configurations, and process steps are not disclosed in 

detail. Likewise, the drawings showing embodiments of the system are semi-diagrammatic 

and not to scale and, particularly, some of the dimensions are for the clarity of presentation 

and are shown greatly exaggerated in the drawing FIGs. Where multiple embodiments are 

disclosed and described, having some features in common, for clarity and ease of illustration, 

description, and comprehension thereof, similar and like features one to another will 

ordinarily be described with like reference numerals. 

 For expository purposes, the term “horizontal” as used herein is defined as a plane 

parallel to the plane or surface of the die, regardless of its orientation. The term “vertical” 

refers to a direction perpendicular to the horizontal as just defined. Terms, such as “above”, 

“below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”, “upper”, “over”, and 

“under”, are defined with respect to the horizontal plane. The term “on” means there is direct 

contact among elements. The term “system” as used herein means and refers to the method 

and to the apparatus of the present invention in accordance with the context in which the term 

is used. The term “processing” as used herein includes stamping, forging, patterning, 

exposure, development, etching, cleaning, and/or removal of the material or laser trimming as 

required in forming a described structure. 

 Referring now to FIG. 1, therein is shown a cross-sectional view of a packaging 

system 100 with hollow package, in an embodiment of the present invention. The cross-

sectional view of the packaging system 100 with hollow package depicts a lead frame 102 

having a terminal lead 104 that is bent to provide a vertical displacement 105 from the plane 

of a die pad 106. The bend in the terminal lead 104 may be any combination of bends or arcs 

that provide the vertical displacement 105. The lead frame 102 may be pre-molded with a 

compound 108, such as a liquid crystal polymer or an epoxy molding compound. The 

compound 108 may partially encapsulate the lead frame 102 by filling all of the spaces 

between the die pad 106 and the terminal lead 104 to form a cavity 110, such as a bowl like 

space that is open for further assembly. 

 It is understood that the cavity 110 may be formed without having the die pad 106. 

A molded pad made from a contiguous area of the compound 108 may be sufficient to 

fabricate the cavity 110 for most applications. 

 A die 112, such as a micro-electromechanical system (MEMS), a micro-mechanical 

system, or an integrated circuit device may be attached to the die pad 106 by a die attach 

material 114. An electrical interconnect 116, such as a bond wire couples the die 112 to the 

FIG. 21 is an isometric view of a corner section of the inside of the cavity of
FIG. 1; and         FIG. 22 is a flow chart of a packaging system with hollow
package for manufacturing the packaging system with hollow package in an
embodiment of the present invention. BEST MODE FOR CARRYING OUT
THE INVENTION         The following embodiments are described in sufficient
detail to enable those skilled in the art to make and use the invention. It is to
be understood that other embodiments would be evident based on the
present disclosure, and that process or mechanical changes may be made
without departing from the scope of the present invention.        In the
following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the
invention may be practiced without these specific details. In order to avoid
obscuring the present invention, some well-known circuits, system
configurations, and process steps are not disclosed in detail. Likewise, the
drawings showing embodiments of the system are semi-diagrammatic and
not to scale and, particularly, some of the dimensions are for the clarity of
presentation and are shown greatly exaggerated in the drawing FIGs. Where
multiple embodiments are disclosed and described, having some features in
common, for clarity and ease of illustration, description, and comprehension
thereof, similar and like features one to another will ordinarily be described
with like reference numerals.        For expository purposes, the term
"horizontal" as used herein is defined as a plane parallel to the plane or
surface of the die, regardless of its orientation. The term "vertical" refers to a
direction perpendicular to the horizontal as just defined. Terms, such as
"above", "below", "bottom", "top", "side" (as in "sidewall"), "higher", "lower",
"upper", "over", and "under", are defined with respect to the horizontal plane.
The term "on" means there is direct contact among elements. The term
"system" as used herein means and refers to the method and to the
apparatus of the present invention in accordance with the context in which
the term is used. The term "processing" as used herein includes stamping,
forging, patterning, exposure, development, etching, cleaning, and/or removal
of the material or laser trimming as required in forming a described structure.
Referring now to FIG. 1, therein is shown a cross-sectional view of a
packaging system 100 with hollow package, in an embodiment of the present
invention. The cross-sectional view of the packaging system 100 with hollow
package depicts a lead frame 102 having a terminal lead 104 that is bent to
provide a vertical displacement 105 from the plane of a die pad 106. The
bend in the terminal lead 104 may be any combination of bends or arcs that
provide the vertical displacement 105. The lead frame 102 may be
pre-molded with a compound 108, such as a liquid crystal polymer or an
epoxy molding compound. The compound 108 may partially encapsulate the
lead frame 102 by filling all of the spaces between the die pad 106 and the
terminal lead 104 to form a cavity 110, such as a bowl like space that is open
for further assembly.        It is understood that the cavity 110 may be formed
without having the die pad 106. A molded pad made from a contiguous area
of the compound 108 may be sufficient to fabricate the cavity 110 for most
applications. 
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terminal lead 104. An adhesive 118, such as a non-conductive adhesive, may be applied to 

the top surface of the terminal lead 104 and any intervening area of the compound 108. A 

cover 120 may be applied on the adhesive 118, such that the cover encloses the cavity 110 

and forms a hollow package 122 for the die 112. 

 In certain applications the cover 120 may be applied while the unit is in an evacuated 

environment, or an environment charged with an inert gas. When the cover 120 is applied to 

the adhesive 118, the cavity 110 may become a sealed space housing either a vacuum or a 

gas. 

 Referring now to FIG. 2, therein is shown a bottom side plan view of the hollow 

package 122, of FIG. 1. The bottom side plan view of the hollow package 122 depicts 

multiple instances of the terminal lead 104 formed in an array around the die pad 106. The 

compound 108 has been molded around the die pad 106 and the array of the terminal lead 

104. Tie bars 202 may be half etched in order to prevent unintended electrical connections 

between the die pad 106 and the terminal lead 104. An orientation marker 204 may be 

stamped or etched into the die pad 106. In some applications the orientation marker might fill 

with the compound 108 that surrounds the die pad 106. The orientation marker 204 may be 

used to indicate the location of the terminal lead 104 that is coupled to the pin one of the die 

112, of FIG. 1. 

 Referring now to FIG. 3, therein is shown a cross-sectional view of a packaging 

system 300 with hollow package, in an alternative embodiment of the present invention. The 

cross-sectional view of the packaging system 300 depicts the terminal lead 104 partially 

encased by the compound 108. The adhesive 118 may be applied on the top surface of the 

compound 108 in order to apply the cover 120. By doing so, a hollow package 302 may be 

created that provides a small contact area 304 on the terminal lead 104. In certain applications 

this configuration may be a more manufacturable solution for designs that have dense 

interconnection requirements. 

 Referring now to FIG. 4, therein is shown a bottom plan view of the hollow package 

302, of FIG. 3. The bottom plan view of the hollow package 302 depicts the die pad 106 

having the orientation marker 204 and the tie bars 202. The tie bars 202 are completely 

encapsulated by the compound 108. The small contact area 304 remains exposed through the 

compound 108 while the remainder of the terminal lead 104 is covered by the compound 108, 

making it unavailable for electrical connection. 

A die 112, such as a micro-electromechanical system (MEMS), a
micro-mechanical system, or an integrated circuit device may be attached to
the die pad 106 by a die attach material 114. An electrical interconnect 116,
such as a bond wire couples the die 112 to the terminal lead 104. An
adhesive 118, such as a non-conductive adhesive, may be applied to the top
surface of the terminal lead 104 and any intervening area of the compound
108. A cover 120 may be applied on the adhesive 118, such that the cover
encloses the cavity 110 and forms a hollow package 122 for the die 112.
In certain applications the cover 120 may be applied while the unit is in an
evacuated environment, or an environment charged with an inert gas. When
the cover 120 is applied to the adhesive 118, the cavity 110 may become a
sealed space housing either a vacuum or a gas.         Referring now to FIG.
2, therein is shown a bottom side plan view of the hollow package 122, of
FIG. 1. The bottom side plan view of the hollow package 122 depicts multiple
instances of the terminal lead 104 formed in an array around the die pad 106.
The compound 108 has been molded around the die pad 106 and the array
of the terminal lead 104. Tie bars 202 may be half etched in order to prevent
unintended electrical connections between the die pad 106 and the terminal
lead 104. An orientation marker 204 may be stamped or etched into the die
pad 106. In some applications the orientation marker might fill with the
compound 108 that surrounds the die pad 106. The orientation marker 204
may be used to indicate the location of the terminal lead 104 that is coupled
to the pin one of the die 112, of FIG. 1.         Referring now to FIG. 3, therein
is shown a cross-sectional view of a packaging system 300 with hollow
package, in an alternative embodiment of the present invention. The
cross-sectional view of the packaging system 300 depicts the terminal lead
104 partially encased by the compound 108. The adhesive 118 may be
applied on the top surface of the compound 108 in order to apply the cover
120. By doing so, a hollow package 302 may be created that provides a small
contact area 304 on the terminal lead 104. In certain applications this
configuration may be a more manufacturable solution for designs that have
dense interconnection requirements.         Referring now to FIG. 4, therein is
shown a bottom plan view of the hollow package 302, of FIG. 3. The bottom
plan view of the hollow package 302 depicts the die pad 106 having the
orientation marker 204 and the tie bars 202. The tie bars 202 are completely
encapsulated by the compound 108. The small contact area 304 remains
exposed through the compound 108 while the remainder of the terminal lead
104 is covered by the compound 108, making it unavailable for electrical
connection.         Referring now to FIG. 5, therein is shown a cross-sectional
view of a packaging system 500 with hollow package, in another alternative
embodiment of the present invention. The cross-sectional view of the
packaging system 500 depicts the lead frame 102 having the terminal lead
104 that is vertically displaced from the plane of the die pad 106 by bends in
the terminal leads 104. The lead frame 102 may be pre-molded with the
compound 108, such as a liquid crystal polymer or an epoxy molding
compound. The compound 108 may fill all of the spaces between the die pad
106 and the terminal lead 104 to form the cavity 110, such as a bowl like
space that is open for further assembly.        The die 112, such as a MEMS,
micro-mechanical system, or an integrated circuit device may be attached to
the die pad 106 by the die attach material 114. The electrical interconnect
116, such as a bond wire couples the die 112 to the terminal lead 104. A
cover 502, such as a self-adhesive tape material, may be applied such that
the cover encloses the cavity 110 and forms a hollow package 504 for the die
112. The use of the self-adhesive tape material to form the cover 502
reduces the number of manufacturing steps in the assembly process.
Referring now to FIG. 6, therein is shown a cross-sectional view of a
packaging system 600 with hollow package, in yet another alternative
embodiment of the present invention. The cross-sectional view of the
packaging system 600 depicts the lead frame 102 having the terminal lead
104 that is vertically displaced from the plane of the die pad 106. The lead
frame 102 may be pre-molded with the compound 108, such as a liquid
crystal polymer or an epoxy molding compound. The compound 108 may fill
all of the spaces between the die pad 106 and the terminal lead 104 to form
the cavity 110, such as a bowl like space that is open for further assembly.
The compound 108 may also form an end cap 602 on the terminal lead 104.
The end cap 602 acts as a spacer during further assembly processing. 
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 Referring now to FIG. 5, therein is shown a cross-sectional view of a packaging 

system 500 with hollow package, in another alternative embodiment of the present invention. 

The cross-sectional view of the packaging system 500 depicts the lead frame 102 having the 

terminal lead 104 that is vertically displaced from the plane of the die pad 106 by bends in the 

terminal leads 104. The lead frame 102 may be pre-molded with the compound 108, such as a 

liquid crystal polymer or an epoxy molding compound. The compound 108 may fill all of the 

spaces between the die pad 106 and the terminal lead 104 to form the cavity 110, such as a 

bowl like space that is open for further assembly. 

 The die 112, such as a MEMS, micro-mechanical system, or an integrated circuit 

device may be attached to the die pad 106 by the die attach material 114. The electrical 

interconnect 116, such as a bond wire couples the die 112 to the terminal lead 104. A cover 

502, such as a self-adhesive tape material, may be applied such that the cover encloses the 

cavity 110 and forms a hollow package 504 for the die 112. The use of the self-adhesive tape 

material to form the cover 502 reduces the number of manufacturing steps in the assembly 

process. 

 Referring now to FIG. 6, therein is shown a cross-sectional view of a packaging 

system 600 with hollow package, in yet another alternative embodiment of the present 

invention. The cross-sectional view of the packaging system 600 depicts the lead frame 102 

having the terminal lead 104 that is vertically displaced from the plane of the die pad 106. 

The lead frame 102 may be pre-molded with the compound 108, such as a liquid crystal 

polymer or an epoxy molding compound. The compound 108 may fill all of the spaces 

between the die pad 106 and the terminal lead 104 to form the cavity 110, such as a bowl like 

space that is open for further assembly. The compound 108 may also form an end cap 602 on 

the terminal lead 104. The end cap 602 acts as a spacer during further assembly processing. 

 The die 112, such as a MEMS, a micro-mechanical system, or an integrated circuit 

device may be attached to the die pad 106 by the die attach material 114. The electrical 

interconnect 116, such as a bond wire couples the die 112 to the terminal lead 104. A 

conductive interconnect 604, such as solder or conductive epoxy, is applied on the top surface 

of the terminal lead 104 adjacent to the end cap 602. A conductive laminate substrate 606, 

such as a printed circuit board, a printed wiring board, a flex substrate, or a signal re-routing 

medium, may be applied such that the cover encloses the cavity 110 and forms a hollow 

package 608 for the die 112. A bottom contact pad 610 may be electrically connected to the 

terminal lead 104 by the conductive interconnect 604. A conductive link 612, such as printed 

The die 112, such as a MEMS, a micro-mechanical system, or an integrated
circuit device may be attached to the die pad 106 by the die attach material
114. The electrical interconnect 116, such as a bond wire couples the die 112
to the terminal lead 104. A conductive interconnect 604, such as solder or
conductive epoxy, is applied on the top surface of the terminal lead 104
adjacent to the end cap 602. A conductive laminate substrate 606, such as a
printed circuit board, a printed wiring board, a flex substrate, or a signal
re-routing medium, may be applied such that the cover encloses the cavity
110 and forms a hollow package 608 for the die 112. A bottom contact pad
610 may be electrically connected to the terminal lead 104 by the conductive
interconnect 604. A conductive link 612, such as printed circuit board traces,
may connect a top contact pad 614 to the bottom contact pad 610. The top
contact pad may be available for connection of external components (not
shown), such as discrete components or an additional integrated circuit,
micro-mechanical system, or MEMS package.         Referring now to FIG. 7,
therein is shown a cross-sectional view of a packaging system 700 with
hollow package, in a package on package configuration. The cross-sectional
view of the packaging system 700 depicts the hollow package 608, having
the top contact pad 614, with an additional package 702, such as an
additional integrated circuit device, an additional MEMS, an additional
micro-mechanical system, an additional unit of the hollow package 608, or a
combination thereof mounted thereon. The conductive interconnect 604 is on
the top contact pad 614 and the additional package 702 is on the conductive
interconnect 604.         Referring now to FIG. 8, therein is shown a
cross-sectional view of a packaging system 800, in a hollow package 802
configured as a microphone. The cross-sectional view of the packaging
system 800 depicts the lead frame 102 having the terminal lead 104 that is
vertically displaced from the plane of the die pad 106. The lead frame 102
may be pre-molded with the compound 108, such as a liquid crystal polymer
or an epoxy molding compound. The compound 108 may fill all of the spaces
between the die pad 106 and the terminal lead 104 to form the cavity 110,
such as a bowl like space that is open for further assembly.         The die 112,
such as a MEMS, a micro-mechanical system, or an integrated circuit device
may be attached to the die pad 106 by the die attach material 114. The
electrical interconnect 116, such as a bond wire couples the die 112 to the
terminal lead 104. The adhesive 118, such as a non-conductive adhesive,
may be applied to the top surface of the terminal lead 104 and any
intervening area of the compound 108. A cover 804 may be applied on the
adhesive 118, such that the cover encloses the cavity 110 and forms the
hollow package 802 for the die 112.         The cover 804 may have an
acoustic orifice 806 that allows activation of the die 112, such as a MEMS,
that generates an electrical signal in response to acoustic energy. The
acoustic orifice 806 directs the acoustic energy to an appropriate location on
the die 112 for conversion. In this example, acoustic energy may enter the
cavity 110 but it is understood that other types of energy or material may
enter the cavity 110 for generating electrical signals.         Referring now to
FIG. 9, therein is shown a cross-sectional view of a packaging system 900
with hollow package, in an alternative construction, configured as a
microphone. The cross-sectional view of the packaging system 900 depicts a
lead frame 902 having the terminal lead 104 that is bent to provide the
vertical displacement 105 from a bottom contact plane 904. The lead frame
902 may also have a mounting pad 906 with a bottom side 907 that is
vertically displaced from the bottom contact plane 904, with an orifice 908 for
allowing acoustic energy to enter the cavity 110. The compound 108 may be
molded on the lead frame 902 for providing a contiguous surface and leaving
only the orifice 908 as an entry to the cavity 110. In this example, acoustic
energy may enter the cavity 110 but it is understood that other types of
energy or material may enter the cavity 110 for generating electrical signals.
The die 112, such as a MEMS, a micro-mechanical system, or an integrated
circuit device may be attached to the mounting pad 906 by the die attach
material 114. The electrical interconnect 116, such as a bond wire couples
the die 112 to the terminal lead 104. The adhesive 118, such as a
non-conductive adhesive, may be applied to the top surface of the terminal
lead 104 and any intervening area of the compound 108. The cover 120 may
be applied on the adhesive 118, such that the cover encloses the cavity 110
and forms a hollow package 910 for the die 112.        Referring now to FIG.
10, therein is shown a cross-sectional view of a packaging system 1000 with
hollow package, in another alternative of the hollow package 910 configured
as a microphone and mounted on a printed circuit board. The cross-sectional
view of the packaging system 1000 depicts the hollow package 910
configured with the mounting pad 906 in the bottom contact plane 904 as are
the terminal leads 104. The hollow package 910 may be electrically
connected to a chip pad 1002, on a laminate substrate 1004 such as a
printed circuit board, by the conductive interconnect 604. An opening 1006 in
the laminate substrate 1004 is aligned with the orifice 908. This configuration
allows acoustic energy to enter the cavity 110 for conversion to electrical
signals. In this example, acoustic energy may enter the cavity 110 but it is
understood that other types of energy or material may enter the cavity 110 for
generating electrical signals. 
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circuit board traces, may connect a top contact pad 614 to the bottom contact pad 610. The 

top contact pad may be available for connection of external components (not shown), such as 

discrete components or an additional integrated circuit, micro-mechanical system, or MEMS 

package. 

 Referring now to FIG. 7, therein is shown a cross-sectional view of a packaging 

system 700 with hollow package, in a package on package configuration. The cross-sectional 

view of the packaging system 700 depicts the hollow package 608, having the top contact pad 

614, with an additional package 702, such as an additional integrated circuit device, an 

additional MEMS, an additional micro-mechanical system, an additional unit of the hollow 

package 608, or a combination thereof mounted thereon. The conductive interconnect 604 is 

on the top contact pad 614 and the additional package 702 is on the conductive interconnect 

604. 

 Referring now to FIG. 8, therein is shown a cross-sectional view of a packaging 

system 800, in a hollow package 802 configured as a microphone. The cross-sectional view 

of the packaging system 800 depicts the lead frame 102 having the terminal lead 104 that is 

vertically displaced from the plane of the die pad 106. The lead frame 102 may be pre-

molded with the compound 108, such as a liquid crystal polymer or an epoxy molding 

compound. The compound 108 may fill all of the spaces between the die pad 106 and the 

terminal lead 104 to form the cavity 110, such as a bowl like space that is open for further 

assembly. 

 The die 112, such as a MEMS, a micro-mechanical system, or an integrated circuit 

device may be attached to the die pad 106 by the die attach material 114. The electrical 

interconnect 116, such as a bond wire couples the die 112 to the terminal lead 104. The 

adhesive 118, such as a non-conductive adhesive, may be applied to the top surface of the 

terminal lead 104 and any intervening area of the compound 108. A cover 804 may be 

applied on the adhesive 118, such that the cover encloses the cavity 110 and forms the hollow 

package 802 for the die 112. 

 The cover 804 may have an acoustic orifice 806 that allows activation of the die 112, 

such as a MEMS, that generates an electrical signal in response to acoustic energy.  The 

acoustic orifice 806 directs the acoustic energy to an appropriate location on the die 112 for 

conversion. In this example, acoustic energy may enter the cavity 110 but it is understood 

that other types of energy or material may enter the cavity 110 for generating electrical 

signals. 

Referring now to FIG. 11, therein is shown a bottom plan view of a packaging
system 1100 with hollow package, in yet another alternative embodiment of a
hollow package 1102. The bottom plan view of the packaging system 1100
depicts the hollow package 1102 having a vent 1104 between the terminal
leads 104. This configuration allows a fluid or gas to move through the hollow
package 1102. Such a configuration may be useful in  implementing devices
including a flow meter or pressure transducer. The vent 1104 is formed
during the molding process. The compound 108 may be blocked from flowing
between the terminal leads 104, thus creating the vent 1104.        Referring
now to FIG. 12, therein is shown a flow diagram of a component staging 1200
for the assembly of the packaging system 100. The flow diagram of the
component staging 1200 depicts a first component stage 1202 in which the
lead frame 102, the die attach material 114, and the die 112 are combined in
a die attach phase 1204. A second component stage 1206 adds the
conductive interconnect 604, such as solder paste, and any passive
components that may be added to the package. A discrete component attach
phase 1208 may add the discrete components to the lead frame 102. A third
component stage 1210 contributes the electrical interconnect 116, such as a
gold bond wire. A wire bond interconnect phase 1212 uses the electrical
interconnect 116 to satisfy the interconnect requirements of the packaging
system 100.        A fourth component stage 1214 adds the adhesive 118 and
the cover 120. A cover attach phase 1216 assembles the cover 120 on the
lead frame 102 to form the hollow package 122. A lead finishing phase 1218
may perform a plating process, such as a solder plating process, a nickel
palladium (NiPd) plating process, or a gold plating process, on the exposed
areas of the lead frame 102. In an embodiment of the present invention, the
solder plating process would represent the most cost effective plating solution
for the lead finish and may be performed prior to the molding process. A
singulation phase 1220 may use a saw or shear to separate a sheet of the
hollow package 122 into single units.        Referring now to FIG. 13, therein is
shown a cross-sectional view of a lead frame sheet 1300, in a preparation
phase of manufacturing. The cross-sectional view of the lead frame sheet
1300 depicts a series of the lead frame 102 joined by the terminal lead 104.
The compound 108 may be molded throughout the lead frame 102 forming a
solid bowl-like structure.        The lead frame sheet 1300 is displayed as
having three units formed in the sheet. This is by of an example only and it is
understood that any number of the lead frame 102 may be joined in an "X-Y"
array. This indicates that the lead frame sheet 1300 may actually have X
units in a column and Y units in a row, where X and Y are whole numbers.
Referring now to FIG. 14, therein is shown a cross-sectional view of a
pre-molded lead frame sheet 1400, in a die attach phase of manufacturing.
The cross-sectional view of the  pre-molded lead frame sheet 1400 depicts
the die attach material 114 and the die 112 positioned on the die pad 106 of
the lead frame 102. 
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 Referring now to FIG. 9, therein is shown a cross-sectional view of a packaging 

system 900 with hollow package, in an alternative construction, configured as a microphone.  

The cross-sectional view of the packaging system 900 depicts a lead frame 902 having the 

terminal lead 104 that is bent to provide the vertical displacement 105 from a bottom contact 

plane 904. The lead frame 902 may also have a mounting pad 906 with a bottom side 907 that 

is vertically displaced from the bottom contact plane 904, with an orifice 908 for allowing 

acoustic energy to enter the cavity 110. The compound 108 may be molded on the lead frame 

902 for providing a contiguous surface and leaving only the orifice 908 as an entry to the 

cavity 110. In this example, acoustic energy may enter the cavity 110 but it is understood that 

other types of energy or material may enter the cavity 110 for generating electrical signals. 

 The die 112, such as a MEMS, a micro-mechanical system, or an integrated circuit 

device may be attached to the mounting pad 906 by the die attach material 114. The electrical 

interconnect 116, such as a bond wire couples the die 112 to the terminal lead 104. The 

adhesive 118, such as a non-conductive adhesive, may be applied to the top surface of the 

terminal lead 104 and any intervening area of the compound 108. The cover 120 may be 

applied on the adhesive 118, such that the cover encloses the cavity 110 and forms a hollow 

package 910 for the die 112. 

 Referring now to FIG. 10, therein is shown a cross-sectional view of a packaging 

system 1000 with hollow package, in another alternative of the hollow package 910 

configured as a microphone and mounted on a printed circuit board. The cross-sectional view 

of the packaging system 1000 depicts the hollow package 910 configured with the mounting 

pad 906 in the bottom contact plane 904 as are the terminal leads 104. The hollow package 

910 may be electrically connected to a chip pad 1002, on a laminate substrate 1004 such as a 

printed circuit board, by the conductive interconnect 604. An opening 1006 in the laminate 

substrate 1004 is aligned with the orifice 908. This configuration allows acoustic energy to 

enter the cavity 110 for conversion to electrical signals. In this example, acoustic energy may 

enter the cavity 110 but it is understood that other types of energy or material may enter the 

cavity 110 for generating electrical signals. 

 Referring now to FIG. 11, therein is shown a bottom plan view of a packaging 

system 1100 with hollow package, in yet another alternative embodiment of a hollow 

package 1102. The bottom plan view of the packaging system 1100 depicts the hollow 

package 1102 having a vent 1104 between the terminal leads 104. This configuration allows a 

fluid or gas to move through the hollow package 1102. Such a configuration may be useful in 

The pre-molded lead frame sheet 1400 is displayed as having three units
formed in the sheet. This is by of an example only and it is understood that
any number of the lead frame 102 may be joined in an "X-Y" array. This
indicates that the pre-molded lead frame sheet 1400 may actually have X
units in a column and Y units in a row, where X and Y are whole numbers.
Referring now to FIG. 15, therein is shown a cross-sectional view of a
pre-molded lead frame sheet 1500, in a wire bond phase of manufacturing.
The cross-sectional view of the pre-molded lead frame sheet 1500 depicts
the electrical interconnect 116 making an electrical connection between the
die 112 and the terminal lead 104.        The pre-molded lead frame sheet
1500 is displayed as having three units formed in the sheet. This is by of an
example only and it is understood that any number of the lead frame 102 may
be joined in an "X-Y" array. This indicates that the pre-molded lead frame
sheet 1500 may actually have X units in a column and Y units in a row, where
X and Y are whole numbers.        Referring now to FIG. 16, therein is shown
a cross-sectional view of a package sheet 1600, in a cover seal phase of
manufacturing. The cross-sectional view of the package sheet 1600 depicts
the adhesive 118 applied between the terminal lead 104 and the cover 120
creating the cavity 110.        The package sheet 1600 is displayed as having
three units formed in the sheet. This is by of an example only and it is
understood that any number of the lead frame 102 may be joined in an "X-Y"
array. This indicates that the package sheet 1600 may actually have X units
in a column and Y units in a row, where X and Y are whole numbers.
Referring now to FIG. 17, therein is shown a cross-sectional view of the
hollow package 122, in a singulation phase of manufacturing. The
cross-sectional view of the hollow package 122 depicts a series of the hollow
package 122 after having been singulated by a saw or shear process. This
example displays only three of the hollow package 122, but it is understood
that the actual number of hollow packages 122 may be different.
Referring now to FIG. 18, therein is shown a bottom plan view of a packaging
system 1800 with hollow package. The bottom plan view of the packaging
system 1800 depicts the die pad 106 having tie bars 1802 that are half
etched. The tie bars 1802 are partially encapsulated by the compound 108.
The small contact area 304 remains exposed  through the compound 108
while the remainder of the terminal lead 104 is covered by the compound
108, making it unavailable for electrical connection on the outside of the
package. The packaging system 1800 also depicts a first section line 19--19
that runs through the tie bars 1802 and a second section line 20--20 that runs
through the terminal leads 104.        Referring now to FIG. 19, therein is
shown a cross-sectional view of a packaging system 1900 taken along the
section line 19--19 of FIG. 18. The cross-sectional view of the packaging
system 1900 depicts the die pad 106 with the tie bars 1802 half etched to
allow the compound 108 to partially encapsulate the tie bars 1802. The
partially encapsulated tie bars 1802 have the compound 108 filling the free
space around them while at least a surface 1902 is left uncovered for
electrical connection. 
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implementing devices including a flow meter or pressure transducer. The vent 1104 is formed 

during the molding process. The compound 108 may be blocked from flowing between the 

terminal leads 104, thus creating the vent 1104. 

 Referring now to FIG. 12, therein is shown a flow diagram of a component staging 

1200 for the assembly of the packaging system 100. The flow diagram of the component 

staging 1200 depicts a first component stage 1202 in which the lead frame 102, the die attach 

material 114, and the die 112 are combined in a die attach phase 1204. A second component 

stage 1206 adds the conductive interconnect 604, such as solder paste, and any passive 

components that may be added to the package. A discrete component attach phase 1208 may 

add the discrete components to the lead frame 102.  A third component stage 1210 

contributes the electrical interconnect 116, such as a gold bond wire. A wire bond 

interconnect phase 1212 uses the electrical interconnect 116 to satisfy the interconnect 

requirements of the packaging system 100. 

 A fourth component stage 1214 adds the adhesive 118 and the cover 120. A cover 

attach phase 1216 assembles the cover 120 on the lead frame 102 to form the hollow package 

122. A lead finishing phase 1218 may perform a plating process, such as a solder plating 

process, a nickel palladium (NiPd) plating process, or a gold plating process, on the exposed 

areas of the lead frame 102. In an embodiment of the present invention, the solder plating 

process would represent the most cost effective plating solution for the lead finish and may 

be performed prior to the molding process. A singulation phase 1220 may use a saw or shear 

to separate a sheet of the hollow package 122 into single units. 

 Referring now to FIG. 13, therein is shown a cross-sectional view of a lead frame 

sheet 1300, in a preparation phase of manufacturing. The cross-sectional view of the lead 

frame sheet 1300 depicts a series of the lead frame 102 joined by the terminal lead 104. The 

compound 108 may be molded throughout the lead frame 102 forming a solid bowl-like 

structure. 

 The lead frame sheet 1300 is displayed as having three units formed in the sheet. 

This is by of an example only and it is understood that any number of the lead frame 102 may 

be joined in an “X-Y” array. This indicates that the lead frame sheet 1300 may actually have 

X units in a column and Y units in a row, where X and Y are whole numbers. 

 Referring now to FIG. 14, therein is shown a cross-sectional view of a pre-molded 

lead frame sheet 1400, in a die attach phase of manufacturing. The cross-sectional view of the 

The conductive interconnect 604, such as solder or conductive epoxy, forms
an electrical connection between the tie bars 1802 and a conductive cover
1904. In this configuration, the conductive cover 1904, such as a metal cover,
may act as an electrical shield for the die 112 mounted in a hollow package
1906.        Referring now to FIG. 20, therein is shown a cross-sectional view
of a packaging system 2000 taken along the section line 20--20 of FIG. 18.
The cross-sectional view of the package system 2000 depicts the hollow
package 302 having a down bond electrical interconnect 2002 that couples
the die 112 to the die pad 106. This technique is usually employed to provide
additional grounding to the die 112.        Referring now to FIG. 21, therein is
shown an isometric view of a corner section 2100 of the inside of the hollow
package 122 of FIG. 1. The isometric view of the corner section 2100 of the
inside of the cavity 110 depicts the terminal leads 104 partially encapsulated
by the compound 108. A bottom contact 2102 is not covered by the
compound 108, while the space between the terminal leads 104, the die pad
106, and the tie bars 202 has been partially encapsulated. The surface 1902
is also not covered by the compound 108.        In an embodiment of the
present invention a top surface 2104 of the terminal leads 104 may be
covered by the compound 108. In the event that the cover 120 is a metal, the
compound 108 acts as an insulator for the terminal leads 104 and the cover
may be electrically connected to the tie bars 202.        Referring now to FIG.
22, therein is shown a flow chart of a packaging system 2200 for
manufacturing the packaging system 100 in an embodiment of the present
invention. The system 1800 includes forming a hollow package including:
forming terminal leads in a block 2202; configuring a cavity by partially
encapsulating the terminal leads with a compound in a  block 2204; attaching
an integrated circuit device, a micro-electromechanical system, a
micro-mechanical system, or a combination thereof in the cavity in a block
2206; and bonding a cover to the terminal leads for enclosing the cavity in a
block 2208.        A principle aspect of the present invention is that it allows
molding the lead frame using a conventional transfer molding process.
Another aspect is that the present invention allows a plain sheet of material to
be used as the cover and it simplifies the cover attachment process. The
present invention is also suitable for high volume production and supports
low cost manufacturing.        Yet another important aspect of the present
invention is that it valuably supports and services the historical trend of
reducing costs, simplifying systems, and increasing performance. 
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pre-molded lead frame sheet 1400 depicts the die attach material 114 and the die 112 

positioned on the die pad 106 of the lead frame 102. 

 The pre-molded lead frame sheet 1400 is displayed as having three units formed in 

the sheet. This is by of an example only and it is understood that any number of the lead 

frame 102 may be joined in an “X-Y” array. This indicates that the pre-molded lead frame 

sheet 1400 may actually have X units in a column and Y units in a row, where X and Y are 

whole numbers. 

 Referring now to FIG. 15, therein is shown a cross-sectional view of a pre-molded 

lead frame sheet 1500, in a wire bond phase of manufacturing. The cross-sectional view of 

the pre-molded lead frame sheet 1500 depicts the electrical interconnect 116 making an 

electrical connection between the die 112 and the terminal lead 104. 

 The pre-molded lead frame sheet 1500 is displayed as having three units formed in 

the sheet. This is by of an example only and it is understood that any number of the lead 

frame 102 may be joined in an “X-Y” array. This indicates that the pre-molded lead frame 

sheet 1500 may actually have X units in a column and Y units in a row, where X and Y are 

whole numbers. 

 Referring now to FIG. 16, therein is shown a cross-sectional view of a package sheet 

1600, in a cover seal phase of manufacturing. The cross-sectional view of the package sheet 

1600 depicts the adhesive 118 applied between the terminal lead 104 and the cover 120 

creating the cavity 110. 

 The package sheet 1600 is displayed as having three units formed in the sheet. This 

is by of an example only and it is understood that any number of the lead frame 102 may be 

joined in an “X-Y” array. This indicates that the package sheet 1600 may actually have X 

units in a column and Y units in a row, where X and Y are whole numbers. 

 Referring now to FIG. 17, therein is shown a cross-sectional view of the hollow 

package 122, in a singulation phase of manufacturing. The cross-sectional view of the hollow 

package 122 depicts a series of the hollow package 122 after having been singulated by a saw 

or shear process. This example displays only three of the hollow package 122, but it is 

understood that the actual number of hollow packages 122 may be different. 

 Referring now to FIG. 18, therein is shown a bottom plan view of a packaging 

system 1800 with hollow package. The bottom plan view of the packaging system 1800 

depicts the die pad 106 having tie bars 1802 that are half etched. The tie bars 1802 are 

partially encapsulated by the compound 108. The small contact area 304 remains exposed 

These and other valuable aspects of the present invention consequently
further the state of the technology to at least the next level.        Thus, it has
been discovered that the packaging system of the present invention furnishes
important and heretofore unknown and unavailable solutions, capabilities,
and functional aspects for volume manufacture. The resulting processes and
configurations are straightforward, cost-effective, uncomplicated, highly
versatile and effective, can be surprisingly and unobviously implemented by
adapting known technologies, and are thus readily suited for efficiently and
economically manufacturing micro electro-mechanical system devices fully
compatible with conventional manufacturing processes and technologies.
The resulting processes and configurations are straightforward,
cost-effective, uncomplicated, highly versatile, accurate, sensitive, and
effective, and can be implemented by adapting known components for ready,
efficient, and economical manufacturing, application, and utilization.
While the invention has been described in conjunction with a specific best
mode, it is to be understood that many alternatives, modifications, and
variations will be apparent to those skilled in the art in light of the aforegoing
description. Accordingly, it is intended to embrace all such alternatives,
modifications, and variations that fall within the scope of the included claims.
All matters hithertofore set forth herein or shown in the accompanying
drawings are to be interpreted in an illustrative and non-limiting sense.  What
is claimed is:        1. A packaging system comprising: forming terminal leads;
configuring a cavity by partially encapsulating the terminal leads with a
compound; attaching an integrated circuit device, a micro-electromechanical
system, a micro- mechanical system, or a combination thereof in the cavity;
and bonding a cover to the terminal leads for enclosing the cavity. 
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through the compound 108 while the remainder of the terminal lead 104 is covered by the 

compound 108, making it unavailable for electrical connection on the outside of the package. 

The packaging system 1800 also depicts a first section line 19--19 that runs through the tie 

bars 1802 and a second section line 20--20 that runs through the terminal leads 104. 

 Referring now to FIG. 19, therein is shown a cross-sectional view of a packaging 

system 1900 taken along the section line 19--19 of FIG. 18. The cross-sectional view of the 

packaging system 1900 depicts the die pad 106 with the tie bars 1802 half etched to allow the 

compound 108 to partially encapsulate the tie bars 1802. The partially encapsulated tie bars 

1802 have the compound 108 filling the free space around them while at least a surface 1902 

is left uncovered for electrical connection.  

 The conductive interconnect 604, such as solder or conductive epoxy, forms an 

electrical connection between the tie bars 1802 and a conductive cover 1904. In this 

configuration, the conductive cover 1904, such as a metal cover, may act as an electrical 

shield for the die 112 mounted in a hollow package 1906. 

 Referring now to FIG. 20, therein is shown a cross-sectional view of a packaging 

system 2000 taken along the section line 20--20 of FIG. 18. The cross-sectional view of the 

package system 2000 depicts the hollow package 302 having a down bond electrical 

interconnect 2002 that couples the die 112 to the die pad 106. This technique is usually 

employed to provide additional grounding to the die 112. 

 Referring now to FIG. 21, therein is shown an isometric view of a corner section 

2100 of the inside of the hollow package 122 of FIG. 1. The isometric view of the corner 

section 2100 of the inside of the cavity 110 depicts the terminal leads 104 partially 

encapsulated by the compound 108. A bottom contact 2102 is not covered by the compound 

108, while the space between the terminal leads 104, the die pad 106, and the tie bars 202 has 

been partially encapsulated. The surface 1902 is also not covered by the compound 108. 

 In an embodiment of the present invention a top surface 2104 of the terminal leads 

104 may be covered by the compound 108. In the event that the cover 120 is a metal, the 

compound 108 acts as an insulator for the terminal leads 104 and the cover may be 

electrically connected to the tie bars 202. 

 Referring now to FIG. 22, therein is shown a flow chart of a packaging system 2200 

for manufacturing the packaging system 100 in an embodiment of the present invention. The 

system 1800 includes forming a hollow package including: forming terminal leads in a block 

2202; configuring a cavity by partially encapsulating the terminal leads with a compound in a 

2. The system as claimed in claim 1 further comprising providing a vent in the
cavity.        3. The system as claimed in claim 1 wherein configuring the
cavity by connecting the terminal leads with the compound includes molding
the compound around the terminal leads leaving a portion of the terminal
leads exposed for forming a leadless package.        4. The system as claimed
in claim 1 wherein: bonding the cover to the terminal leads includes bonding
a conductive laminate substrate to the terminal leads; and further comprising:
forming a conductive interconnect between the terminal leads and the
conductive laminate substrate above, below, or both above and below the
cavity; and mounting an additional integrated circuit device, an additional
micro-electromechanical system, an additional micro-mechanical system, or
a combination thereof on the conductive laminate substrate.       5. The
system as claimed in claim 1 wherein configuring the cavity includes forming
the terminal leads and the compound for creating a recess on a bottom side
thereof.        6. A packaging system comprising: 
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block 2204; attaching an integrated circuit device, a micro-electromechanical system, a 

micro-mechanical system, or a combination thereof in the cavity in a block 2206; and 

bonding a cover to the terminal leads for enclosing the cavity in a block 2208. 

 A principle aspect of the present invention is that it allows molding the lead frame 

using a conventional transfer molding process. 

 Another aspect is that the present invention allows a plain sheet of material to be 

used as the cover and it simplifies the cover attachment process. The present invention is also 

suitable for high volume production and supports low cost manufacturing. 

 Yet another important aspect of the present invention is that it valuably supports and 

services the historical trend of reducing costs, simplifying systems, and increasing 

performance. 

 These and other valuable aspects of the present invention consequently further the 

state of the technology to at least the next level. 

 Thus, it has been discovered that the packaging system of the present invention 

furnishes important and heretofore unknown and unavailable solutions, capabilities, and 

functional aspects for volume manufacture. The resulting processes and configurations are 

straightforward, cost-effective, uncomplicated, highly versatile and effective, can be 

surprisingly and unobviously implemented by adapting known technologies, and are thus 

readily suited for efficiently and economically manufacturing micro electro-mechanical 

system devices fully compatible with conventional manufacturing processes and 

technologies. The resulting processes and configurations are straightforward, cost-effective, 

uncomplicated, highly versatile, accurate, sensitive, and effective, and can be implemented by 

adapting known components for ready, efficient, and economical manufacturing, application, 

and utilization. 

 While the invention has been described in conjunction with a specific best mode, it 

is to be understood that many alternatives, modifications, and variations will be apparent to 

those skilled in the art in light of the aforegoing description. Accordingly, it is intended to 

embrace all such alternatives, modifications, and variations that fall within the scope of the 

included claims. All matters hithertofore set forth herein or shown in the accompanying 

drawings are to be interpreted in an illustrative and non-limiting sense. 

forming terminal leads includes the terminal leads bent for providing a vertical
displacement from a bottom contact plane; configuring a cavity by partially
encapsulating the terminal leads with a compound including molding the
compound on and between the terminal leads; attaching an integrated circuit
device, a micro-electromechanical system, a micro-mechanical system, or a
combination thereof in the cavity by electrically connecting the integrated
circuit device, the micro-electromechanical system,  the micro-mechanical
system, or a combination thereof to the terminal leads; and bonding a cover
to the terminal leads for enclosing the cavity by applying an adhesive
between the terminal leads, the compound, and the cover.       7. The system
as claimed in claim 6 further comprising providing a vent in the cavity in
which applying the cover includes applying the cover having an acoustic
orifice.       8. The system as claimed in claim 6 wherein configuring the cavity
by partially encapsulating the terminal leads with the compound includes
molding the compound around the terminal leads leaving a portion of the
terminal leads exposed for forming a leadless package including having a top
contact pad and the bottom contact plane in which the terminal leads may be
plated with solder, nickel palladium, or gold. 
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What is claimed is: 

1. A packaging system comprising: 

forming terminal leads; 

configuring a cavity by partially encapsulating the terminal leads with a compound; 

attaching an integrated circuit device, a micro-electromechanical system, a micro-

mechanical system, or a combination thereof in the cavity; and 

bonding a cover to the terminal leads for enclosing the cavity. 

2. The system as claimed in claim 1 further comprising providing a vent in the 

cavity. 

3. The system as claimed in claim 1 wherein configuring the cavity by 

connecting the terminal leads with the compound includes molding the compound around the 

terminal leads leaving a portion of the terminal leads exposed for forming a leadless package. 

4. The system as claimed in claim 1 wherein: 

bonding the cover to the terminal leads includes bonding a conductive laminate 

substrate to the terminal leads; and 

further comprising:  

forming a conductive interconnect between the terminal leads and the conductive 

laminate substrate above, below, or both above and below the cavity; and 

mounting an additional integrated circuit device, an additional micro-

electromechanical system, an additional micro-mechanical system, or a 

combination thereof on the conductive laminate substrate. 

5. The system as claimed in claim 1 wherein configuring the cavity includes 

forming the terminal leads and the compound for creating a recess on a bottom side thereof. 

6. A packaging system comprising: 

forming terminal leads includes the terminal leads bent for providing a vertical 

displacement from a bottom contact plane; 

configuring a cavity by partially encapsulating the terminal leads with a compound 

including molding the compound on and between the terminal leads; 

attaching an integrated circuit device, a micro-electromechanical system, a micro-

mechanical system, or a combination thereof in the cavity by electrically 

connecting the integrated circuit device, the micro-electromechanical system, 

9. The system as claimed in claim 6 wherein: bonding the cover to the
terminal leads includes bonding a conductive laminate substrate to the
terminal leads including applying the conductive laminate substrate having a
bottom contact pad, a conductive link, and a top contact pad; and further
comprising: forming a conductive interconnect between the terminal leads
and the conductive laminate substrate above, below, or both above and
below the cavity; and mounting an additional integrated circuit package, an
additional MEMS package, an additional micro-mechanical system, or a
combination thereof on the conductive laminate substrate including mounting
the additional integrated circuit package, the additional MEMS package, the
additional micro-mechanical system, or the combination thereof on the top
contact pad.       10. The system as claimed in claim 6 wherein configuring
the cavity includes forming the terminal leads and the compound to form a
recess on the bottom side thereof including positioning a mounting pad
vertically displaced from the bottom contact plane.         11. A packaging
system comprising: terminal leads; 
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the micro-mechanical system, or a combination thereof to the terminal leads; 

and 

bonding a cover to the terminal leads for enclosing the cavity by applying an adhesive 

between the terminal leads, the compound, and the cover. 

7. The system as claimed in claim 6 further comprising providing a vent in the 

cavity in which applying the cover includes applying the cover having an acoustic orifice. 

8. The system as claimed in claim 6 wherein configuring the cavity by partially 

encapsulating the terminal leads with the compound includes molding the compound around 

the terminal leads leaving a portion of the terminal leads exposed for forming a leadless 

package including having a top contact pad and the bottom contact plane in which the 

terminal leads may be plated with solder, nickel palladium, or gold. 

9. The system as claimed in claim 6 wherein: 

bonding the cover to the terminal leads includes bonding a conductive laminate 

substrate to the terminal leads including applying the conductive laminate 

substrate having a bottom contact pad, a conductive link, and a top contact 

pad; and 

further comprising:  

forming a conductive interconnect between the terminal leads and the conductive 

laminate substrate above, below, or both above and below the cavity; and 

mounting an additional integrated circuit package, an additional MEMS package, an 

additional micro-mechanical system, or a combination thereof on the 

conductive laminate substrate including mounting the additional integrated 

circuit package, the additional MEMS package, the additional micro-

mechanical system, or the combination thereof on the top contact pad. 

10. The system as claimed in claim 6 wherein configuring the cavity includes 

forming the terminal leads and the compound to form a recess on the bottom side thereof 

including positioning a mounting pad vertically displaced from the bottom contact plane. 

a compound for partially encapsulating the terminal leads and configuring a
cavity; an integrated circuit device, a micro-electromechanical system, a
micro-mechanical system, or a combination thereof attached in the cavity;
and a cover bonded to the terminal leads for enclosing the cavity. 12. The
system as claimed in claim 11 further comprising a vent in the cavity.       13.
The system as claimed in claim 11 wherein the cavity configured by the
terminal leads partially encapsulated with the compound includes the
compound molded around the terminal leads with a portion of the terminal
leads exposed for forming a leadless package.       14. The system as
claimed in claim 11 wherein: the cover bonded to the terminal leads includes
a conductive laminate substrate bonded to the terminal leads; further
comprising a conductive interconnect formed between the terminal leads and
the conductive laminate substrate above, below, or both above and below the
cavity; and an additional integrated circuit device, an additional
micro-electromechanical system, an additional micro-mechanical system, or
a combination thereof mounted on the conductive laminate substrate.       15.
The system as claimed in claim 11 wherein the cavity configured includes
forming the terminal leads and the compound with a recess on the bottom
side thereof 
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11. A packaging system comprising: 

terminal leads; 

a compound for partially encapsulating the terminal leads and configuring a cavity; 

an integrated circuit device, a micro-electromechanical system, a micro-mechanical 

system, or a combination thereof attached in the cavity; and 

a cover bonded to the terminal leads for enclosing the cavity. 

12. The system as claimed in claim 11 further comprising a vent in the cavity. 

13. The system as claimed in claim 11 wherein the cavity configured by the 

terminal leads partially encapsulated with the compound includes the compound molded 

around the terminal leads with a portion of the terminal leads exposed for forming a leadless 

package. 

14. The system as claimed in claim 11 wherein: 

the cover bonded to the terminal leads includes a conductive laminate substrate 

bonded to the terminal leads; 

further comprising a conductive interconnect formed between the terminal leads and 

the conductive laminate substrate above, below, or both above and below the 

cavity; and 

an additional integrated circuit device, an additional micro-electromechanical system, 

an additional micro-mechanical system, or a combination thereof mounted on 

the conductive laminate substrate. 

15. The system as claimed in claim 11 wherein the cavity configured includes 

forming the terminal leads and the compound with a recess on the bottom side thereof. 

16. The system as claimed in claim 11 wherein: 

the terminal lead is bent for providing a vertical displacement from a bottom contact 

plane; 

the compound molded on and between the terminal leads; 

the integrated circuit device, the micro-electromechanical system, the micro-

mechanical system, or a combination thereof electrically connected to the 

terminal lead; and 

the cover bonded to the terminal leads for enclosing the cavity by an adhesive applied 

between the terminal leads, the compound, and the cover. 

16. The system as claimed in claim 11 wherein: the terminal lead is bent for
providing a vertical displacement from a bottom contact plane; the compound
molded on and between the terminal leads; the integrated circuit device, the
micro-electromechanical system, the micro-mechanical system, or a
combination thereof electrically connected to the terminal lead; and the cover
bonded to the terminal leads for enclosing the cavity by an adhesive applied
between the terminal leads, the compound, and the cover.         17. The
system as claimed in claim 16 further comprising a vent in the cavity in which
the cover includes an acoustic orifice.        18. The system as claimed in
claim 16 wherein the cavity configured by the terminal leads partially
encapsulated with the compound includes the compound molded around the
terminal leads with a portion of the terminal leads left exposed forms a
leadless package including having a top contact pad and the bottom contact
plane in which the terminal leads may be plated with solder, nickel palladium,
or gold.       19. The system as claimed in claim 16 wherein: the cover bonded
to the terminal leads includes a conductive laminate substrate bonded to the
terminal leads, the conductive laminate substrate having a bottom contact
pad, a conductive link, and a top contact pad; 
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17. The system as claimed in claim 16 further comprising a vent in the cavity in 

which the cover includes an acoustic orifice. 

18. The system as claimed in claim 16 wherein the cavity configured by the 

terminal leads partially encapsulated with the compound includes the compound molded 

around the terminal leads with a portion of the terminal leads left exposed forms a leadless 

package including having a top contact pad and the bottom contact plane in which the 

terminal leads may be plated with solder, nickel palladium, or gold. 

19. The system as claimed in claim 16 wherein: 

the cover bonded to the terminal leads includes a conductive laminate substrate 

bonded to the terminal leads, the conductive laminate substrate having a 

bottom contact pad, a conductive link, and a top contact pad; 

further comprising a conductive interconnect formed between the terminal leads and 

the conductive laminate substrate above, below, or both above and below the 

cavity; and 

an additional integrated circuit device, an additional micro-electromechanical system, 

an additional micro-mechanical system, or a combination thereof mounted on 

the conductive laminate substrate includes a package-on-package 

configuration. 

20. The system as claimed in claim 16 wherein the cavity configured includes 

forming the terminal leads and the compound with a recess on the bottom side thereof in 

which the recess includes a mounting pad vertically displaced from the bottom contact plane. 

 

 

further comprising a conductive interconnect formed between the terminal
leads and the conductive laminate substrate above, below, or both above and
below the cavity; and an additional integrated circuit device, an additional
micro-electromechanical system, an additional micro-mechanical system, or
a combination thereof mounted on the conductive laminate substrate includes
a package-on-package configuration.       20. The system as claimed in claim
16 wherein the cavity configured includes forming the terminal leads and the
compound with a recess on the bottom side thereof in which the recess
includes a mounting pad vertically displaced from the bottom contact plane. 


