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NON-PULL BACK PAD PACKAGE WITH AN ADDITIONAL SOLDER STANDOFF

An integrated circuit chip may require a carrier or package in order to be integrated into
a larger electronic system.
BACKGROUND

One common type of semiconductor package is a Quad Flat Package-No lead (QFN),
which does not have leads. A no-lead package results in a smaller footprint on a Printed
Circuit Board (PCB), which allows the overall size of the PCB to be reduced. Commonly, a
QFN package has a semiconductor die disposed on one side of a lead frame carrier or strip
which is then electrically connected to lead pads on the lead frame strip. The strip, die and
electrical connections are then encapsulated in a mold compound. The opposite side of the
lead frame strip may have exposed pads for electrical connection to a larger electronic system.
These packages are usually formed using a lead frame strip capable of carrying a plurality of
dies and forming a plurality of QFN packages. Once formed, the QFN packages on the lead
frame strip are singulated to create individual packages for end use applications. In some
applications the exposed pads of the leadless QFN are supplied with a load (or standoff) of
solder attached to each pad. In these cases the exposed pads are positioned so that there is a
small amount of encapsulant between them and the edge of the package. When there is little or
no solder on the pad surface, the pads are usually constructed so that they reach all of the way
to an edge of the package.
SUMMARY

Disclosed herein is a method of manufacturing a semiconductor package with a solder
standoff that includes encapsulating a plurality of die on a lead frame strip. The lead frame strip
comprises a plurality of package sites, which further comprises a plurality of lead pads and a
die pad. The lead pads are loaded with solder and reach to the edges of the package. The
method also includes methods for forming a break between the lead pads of nearby package
sites without singulating the packages. Another step in the method includes disposing solder
on the lead pads, the die pad, or the lead pads and the die pads without substantially covering
the break with solder. The manufacturing method further includes singulating the packages.

In an embodiment, a semiconductor package with a solder standoff is provided. The
package includes a semiconductor die connected to a lead frame strip comprising a die pad and
a plurality of lead pads. The package also includes a mold compound encapsulating the die but
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not the bottom surface of the lead pads or die pad. Further, the package has a solder standoff
connected to each of the lead pads, the die pad, or the lead pads and the die pad, and the lead
pads may extend to the edge of the package.

Also disclosed herein is a method for planarizing solder in a semiconductor package
with a solder standoff including disposing solder on one of a lead pad, a die pad, or a lead pad
and a die pad. The method also includes enclosing the solder between a planarization tool and
at least one of the lead pad and die pad. The planarization tool comprises a device with a
surface that promotes formation of a planar solder surface. A further step in the disclosed
method includes reflowing the solder to create a substantially planar solder standoff. The
method further includes removing the planarization tool without substantially altering the
solder standoff.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a top view of a semiconductor package with a pulled back lead pad.

FIG. 1B illustrates a top view of a semiconductor package with a non-pulled back lead
pad.

FIG. 2 illustrates a top view of a lead frame strip.

FIG. 3A illustrates a cross-sectional view of an encapsulated lead frame strip.

FIG. 3B illustrates a cross-sectional view of an encapsulated lead frame strip using a
flip chip connection.

FIG. 4A illustrates a cross-sectional view of an encapsulated lead frame strip with a
mask.

FIG. 4B illustrates a cross-sectional view of an encapsulated lead frame strip with a
channel.

FIG. 5A illustrates a cross-sectional view of an encapsulated lead frame strip with a full
channel and resin fill.

FIG. 5B illustrates a cross-sectional view of an encapsulated lead frame strip with a full
channel and an alternative resin fill.

FIG. 5C illustrates a cross-sectional view of an encapsulated lead frame strip with a
shallow channel and an alternative resin fill.

FIG. 5D illustrates a cross-sectional view of an encapsulated lead frame strip with a

shallow channel and an alternative resin fill.
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FIG. 6A illustrates a cross-sectional view of an encapsulated lead frame strip with flux
and solder balls disposed on the surface.

FIG. 6B illustrates a cross-sectional view of an encapsulated lead frame strip with
solder paste disposed on the surface.

FIG. 6C illustrates a cross-sectional view of an encapsulated lead frame strip with
solder paste disposed on a planarization tool.

FIG. 7A illustrates a cross-sectional view of an encapsulated lead frame strip after
solder reflow and prior to the planarization tool removal.

FIG. 7B illustrates an alternative cross-sectional view of an encapsulated lead frame
strip after solder reflow and prior to the planarization tool removal.

FIG. § illustrates a plan view of various planarization tool pore designs and spacer
designs.

FIG. 9 is a flow diagram of a method of fabricating a semiconductor package with a
solder standoff.

FIG. 10 is a flow diagram of a method of planarizing solder in a semiconductor
package with a solder standoff.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Conventional manufacturing methods result in lead pads and solder standoffs having
limited areas for connection to a larger electronic system. Specifically, the solder on the
contacts is pulled back from the edge of the package. The pulled back configuration is required
in conventional QFP package manufacturing so that the solder does not interfere with the
singulation step. However, the pulled back configuration is problematic because it limits the
extent to which the package footprint can be reduced. Therefore, it would be advantageous to
have a semiconductor package with a solder standoff in which the lead pads extend to the edge
of the package.

In an embodiment shown in FIG. 7B, the disclosed method results in the production of
an individual package 101 with a solder standoff 161 and lead pads 103 that extend to the edge
of the package 101 without a pull-back. The lead pad 103 and the lead pad base metal may be
exposed along the edge of the individual package 101. The solder standoff may be substantially
planarized and the height 160 may be adjusted based on the spacer 162 height used and amount
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of solder. Further, the disclosed method may result in an individual package 101 that may be
manufactured without an etching or plating line.

As shown in FIGS. 1A and 1B, the disclosure contemplates a non-pulled back
semiconductor package with a solder standoff and a method of manufacturing the same. FIG.
1A demonstrates a general package design with lead pads pulled back from the package edge
102, and FIG. 1B demonstrates an embodiment of the disclosure in which the lead pads 103
extend to the edge of the package. The package 101 may be manufactured by cutting a channel
between nearby packages on one side of a lead frame strip. The opposite side of the lead frame
strip may have a semiconductor die 104 with associated electrical connections encapsulated in
a mold compound. The channel between the packages may be filled with a solder resist prior
to application of solder to the lead pads. A planarization tool may then be used to create a
planar solder standoff on the lead frame strip. Finally, the packages may be singulated to
create non-pulled back packages 101. Further, the disclosed method produces the disclosed
package without the need for etching or plating.

As shown in FIG. 2, a package 101 may be manufactured using a lead frame strip 110
containing a plurality of potential packages 101. The lead frame strip 110 may have a sheet like
structure comprising a base material such as copper and an optional protective layer that may
include nickel, gold, palladium, tin, or bismuth. The lead frame strip 110 may be rigid or
flexible and may comprise a long single piece that may have two areas including a plurality of
die pads 107 and associated lead frame lead pads 103. In order to facilitate the production
process, the lead frame strip 110 may also include pilot holes (not shown) to facilitate
alignment between various processes and tie bars 111 to secure the die pad 107 to the package
101 frame. Side rails (not shown) serve as an outer support and contain the pilot holes. The
lead frame strip 110 may also have dam bars 112 linking nearby packages 101 by connecting
the lead pads 103 of nearby packages 101. The outermost package 101 in the lead frame strip
110 is surrounded by dam bars 112 between nearby packages 101 and side rails on the outside
edges. In an embodiment, a lead frame strip 110 may have, for example, between 16 and over
8000 packages 101. A typical package 101 may be between 1.0 mm wide by 1.0 mm long and
15 mm wide by 15 mm long. The package 101 may have, for example, between 4 and 128 lead
pads 103.
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FIG. 3A illustrates one embodiment of a cross-sectional view of an encapsulated lead
frame strip in which a semiconductor die 104 is mounted on a die pad 107. In this embodiment,
a package 101 comprises a die pad 107 and a plurality of lead pads 103 surrounding the die pad
107. The die 104 may be attached to a first surface of the die pad 107 using a die attach
material. The die attach material may be either an insulating or conductive material. If the die
pad 107 under the die 104 is used as a ground connection, then the die attach material may
need to be electrically conductive. Thermally conductive material may also be useful if the die
pad 107 is used as a heat sink for the die 104. In an embodiment, a die attach material may be
an epoxy such as a silver epoxy disposed on the die pad 107 prior to the attachment of the die
104. The die pad 107 may be located near the center of the package 101 on the lead frame strip
110. In some embodiments, a package 101 may have a plurality of die 104 attached to a
plurality of die pads 107 or arranged in a stacked configuration.

In an embodiment as shown in FIG. 3A, the die 104 may be electrically connected to
the lead pads 103 of the associated package 101 on the lead frame strip 110. In an embodiment,
a die 104 may be electrically connected to the lead pads 103 using bond wires 105. The wires
105 may be formed by wire bonding and may include materials such as gold, aluminum,
copper, or other materials. After encapsulation, the bond wires 105 provide the electrical
connection between the lead pads 103 and the die 104. In an alternative embodiment shown in
FIG. 3B, a flip-chip process may be used to electrically connect the die 104 to the lead pads
103. In this embodiment, the bonding pads on the die 104 are directly connected with the lead
pads 103 on the first surface of the lead frame strip 110 using a suitable process that may
include direct solder ball bumping, or any other method that creates a direct solder connection
121. The use of a flip chip connection or a wire bonded connection may result in a functionally
equivalent package 101 after encapsulation of the first lead frame surface, and both are
intended to be within the scope of this disclosure.

The die side of the lead frame strip may be encapsulated in a mold compound 120. A
mold containing the lead frame strip 110 and mold compound 120 may be used to form a
plurality of molded packages 101. In an embodiment, the mold compound 120 may include
epoxy resins, ceramics, phenolic hardeners, silicas, catalysts, pigments, mold release agents, or
other compounds. After encapsulation, only the second surface of the die pad 107 and lead
pads 103 may be exposed. In a subsequent step the individual packaged units will be separated
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from each other (i.e. singulated) by cutting along the dambars 112, either by sawing or by
punching out the individual units. The exposed die pad 107 and lead pads 103 on the second
surface of the lead frame strip 110 may then be used to electrically connect the package 101 to
an external electronic system.

As shown in FIG. 4A, in an embodiment a pattern of resist may be positioned over the
dambars 112. Solder may then be disposed as described below prior to singulation.

In another embodiment, as shown in FIG. 4B, a cutting device may be used to form a
channel 130 between the lead pads 103 of nearby packages 101 on the lead frame strip 110.
Any device capable of cutting a channel 130 along the dam bars 112 between the packages 101
may be used, several of which are known to one skilled in the arts. An example of a cutting
device may be a saw, punch, laser, or chemical etch. The channel 130 between the packages
101 is not intended to singulate the individual packages 101. Rather, the channel 130 may
extend through the dam bars 112 and into the mold compound 120 or may extend only partially
through the dam bars 112.

As shown in FIG. 5, the channel 130 may be filled with a removable and heat resistant
material. In an embodiment, the removable, heat resistant material is a resin or solder resist
140. A solder resist 140 may comprise a removable, heat resistant, low surface tension, non-
wetting material, which prevents wicking of the solder around the lead pad edge 108. As used
herein, the phrase lead pad edge 108 is intended to refer to the portion of the lead pad 103
exposed along the side of an individual package 101, and the term wicking is intended to refer
to a fluid flow in response to a capillary force, a gravitational force, a differential pressure, or a
combination thereof. In an embodiment, the solder resist 140 may comprise a photoimageable
dielectric material, such as a negative or positive tone resist.

The channels 130 may optionally be filled with solder resist 140 to a level even with
the nearby lead frame strip 110 surface or to a level extending beyond the lead frame strip 110
surface. In an embodiment in which the dam bars 112 are only partially cut, a solder resist fill
140 may be desirable to prevent solder from entering the channel 130. As shown in FIGS. 5B
and 5D, the channel 130 may be filled even with the surrounding lead frame strip 110 surface
to prevent solder from attaching to the channel 130 during solder application and reflow.
Alternatively as shown in FIGS. 5A and 5C, the solder resist 140 may extend beyond the
surrounding lead frame strip 110 surface level. The height of the solder resist 140 may depend
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on the processing needs during planarization or the final solder standoff height 160
requirements. A channel 130 filled with solder resist 140 that extends beyond the lead frame
strip 110 surface level may also be used as a spacer during planarization 106, as discussed
below.

In an embodiment shown in FIG. 6, solder may be disposed on a lead pad 103, die pad
107, or both. In general, an electrical or mechanical connection to both a die pad 107 and a
lead pad 103 may be used in a package 101. Thus, the term pad or pads when used alone is
intended to refer to both the die pad 107 and the lead pad 103. The solder may comprise any
conductive metal or metals capable of being melted and wetting a pad surface to form a
mechanical and electrical connection with the pad. For example, the solder may include a lead-
free solder such as a compound comprising tin, silver, copper, or a combination thereof. The
disclosed method may allow the solder composition to be changed by altering the solder
makeup prior to disposition on the pad surface. In general, the change in composition would
not require a change in chemical solutions as would be required in an etching and plating
process.

FIGS. 6A, 6B, and 6C illustrate various configurations of disposed solder on the
package 101. In an embodiment, the solder may be in the form of a solder ball 150 or solder
paste 152. Solder balls 150 may be formed in a separate process and then placed upon the
pads. The solder balls 150 may be secured to the pads using a tacky or sticky flux 151 capable
of holding the solder ball 150 to the pads during subsequent processing steps. The flux 151
may comprise a fluid having constituents such as an adhesion-imparting agent for cleaning the
surface of the pad, a thixotropic agent to provide solder powder separation, a solvent for paste
formation, and an activator for removing oxides off the surface of the pad. In an alternative
embodiment, solder paste 152 may be screen printed on the pads. The solder paste may
include solder powder mixed with solder flux 151. Alternatively, the solder paste 152 may be
applied on a planarization tool 153, as discussed below.

In an embodiment shown in FIG. 7A and 7B, a planarization tool 153 is used to ensure
that the surfaces of the solder standoffs 161 on the package 101 are uniform. In a package 101,
the substrate or lead frame strip 110 may be slightly warped or uneven. Planarization of the

solder standoffs 161 may compensate for the unevenness and provide a planar surface for
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connection to a larger electronic system. Further, the solder would form a rounded surface
during reflow due to surface tension forces without a mechanical forming of the molten solder.

The planarization tool 153 may comprise a device with a planar surface capable of
providing a reference plane to which the solder standoff 161 surfaces will be matched. In an
embodiment, the surface of the planarization tool 153 may comprise a non-wetting surface with
solder such as ceramic or titanium. The planarization tool 153 may comprise any heat resistant
material having a thermal expansion rate comparable to that of the mold compound 120, lead
frame strip 110 or both. A single planarization tool 153 may be used for an entire lead frame
strip 110 and sized according to the lead frame strip dimensions.

As shown in FIGS. 7A and 7B, a spacer 162 may optionally be used between the
planarization tool 153 and the lead frame strip 110 surface to determine the final solder
standoff height 160 and help to planarize and level the lead frame strip 110 during
planarization of the solder. In an embodiment, a spacer 162 is required if the weight of the
planarization tool 153 when placed on top of the solder and lead frame strip 110 would
displace the solder beyond the edge of a pad during solder reflow. A spacer 162 may be
needed to set the distance between the planarization tool 153 and the lead frame strip 110 to
determine the final solder standoff height 160. In an embodiment, the solder standoff height
160 may be less than 5 mm, alternatively less than 1 mm. A spacer 162 may be a part of the
planarization tool 153 and placed on the lead frame strip 110 at the same time as the
planarization tool 153. In this embodiment, solder paste 152 may not be disposed on the
surface of the planarization tool 153 due to interference from the spacer 162 with the screen
printing process. Alternatively, the spacer 162 may be separate from the planarization tool
153. In this embodiment, the spacer or spacers 162 may be placed at the appropriate points on
the lead frame strip 110 prior to placement of the planarization tool 153. The planarization tool
153 may then be placed so that it will rest on the spacers 162 prior to or during reflow of the
solder. In another embodiment, the solder resist fill 140 in the channel 130 between nearby
packages 101 may act as a spacer 162. During reflow, the planarization tool 153 may then
form a planar solder surface at the level of the solder resist fill 140. In this embodiment, a
typical solder resist 140 may extend perpendicularly beyond the surface of the lead frame strip

110 less than 5 mm, alternatively less than 1 mm.
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The spacers 162 may be located so as to not interfere with the solder or damage the
package 101 during solder reflow or processing. Any location that would not interfere with the
formation of planar solder surface on the lead pads 103 or die pad 107 of a package 101 may
be used as a spacer placement location. In an embodiment, the spacers 162 may be placed at
the corners of the packages 101. Typically, the corners of the packages 101 may be unused
due to an arrangement in which the lead pads 103 extend to the edge of the package 101. The
spacers 162 may therefore be placed at the package corners without interfering with a pad or
risking damage to a package 101. Alternatively, the spacers 162 may be placed in the channels
130 or spaces between nearby packages 101. In this embodiment, the spacers 162 may avoid
interfering with the lead pads 103 during reflow and may also function to prevent solder from
wicking into the channel 130 between the packages 101.

As shown in FIG. 8, the spacers 162 may be shaped and placed in a number sufficient
to support the planarization tool 153 while not interfering with the formation of a planar solder
surface on the pads. The spacers 162 may comprise a pillar like structure with a circular 180,
square 181, or rectangular 184 cross-section. Alternatively, the spacer 162 may comprise a
shape resembling a wall 183 or a combination of wall shapes forming a cross 182. The number
of spacers 162 used may depend on a number of factors including, but not limited to, the type
of spacers 162 used, the spacer design, the lead frame strip 110 design, and the final solder
standoff height 160 required. For example, the spacers 162 may be placed along every package
101 edge if the solder resist 140 serves as the spacer 162. Alternatively, the spacers 162 may
be placed at the corner or edge of packages 101 throughout the lead frame strip in a number
sufficient to support the planarization tool 153 and level the lead frame strip 110, but not
necessarily at every corner or edge.

As shown in FIG. 8, the planarization tool 153 may optionally comprise pores or be
formed from a porous material to allow for gas to escape during reflow of the solder. During
reflow, the flux 151 may vaporize or emit gas. If the gas is trapped by a planarization tool 153,
the solder may flow beyond the pad surface, for example into the channel 130 between the
nearby packages 101 on the lead frame strip 110, or may form voids in the solder, which may
result in poor connectivity with the lead pad 103. Pores or a porous material may be used to
allow the gas to escape during the reflow process. The pores may have any shape and be
present in any number sufficient to allow any gas resulting from the reflow of the solder to
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escape. In an embodiment, the pores may comprise an array of small diameter circles 170,
squares 171, ovals 174, or slits 172 in the planarization tool 153. Alternatively, the pores may
comprise an irregular array of small diameter circles 175, squares or slits that may be
concentrated near the center 173 of each package 101 or distributed over the planarization tool
153. In an embodiment, the circular pore diameter or non-circular pore width may range from
0.01 mm to 5 mm. Alternatively, the planarization tool 153 may comprise a porous material
capable of allowing a gas to flow through the planarization tool 153 at a rate sufficient to
remove the solder flux offgas and prevent voids from forming in the solder standoff 161. For
example, a porous ceramic material may be used to form the planarization tool 153 surface.

A method 200 of manufacturing a non-pulled back package with a solder standoff is
shown in FIG. 9. The steps of the disclosed method may be performed in any order capable of
producing the desired result. However, one possible order in which the steps of the disclosed
method may be carried out is described herein. The disclosed method may comprise
encapsulating the lead frame strip with a mold compound 201 and forming a channel between
nearby package sites 202 on the lead frame strip. The channel may then be optionally filled
with a resin 203. Solder may then be disposed on the surface of the lead pads, die pad or both
204. The solder may then optionally be reflowed or planarized using a planarization tool 205.
A washing step may optionally follow the reflow or planarization process to remove any
residual flux or resin. Finally, the individual package sites on the lead frame strip may be
singulated 206 to form individual non-pulled back packages.

In method 200, the lead frame strip may be encapsulated using a mold compound 201.
Prior to encapsulation, the lead frame strip 110 may have a die 104 mounted to a die pad 107
on the lead frame strip 110 as shown in an embodiment shown in FIG. 3A. The die 104 may
be mechanically connected to the lead frame strip 110 using a die attach material. The die may
then be electrically coupled to the lead frame strip using any means capable of creating the
electrical coupling, several of which are known to one skilled in the arts and have been
disclosed above. A mold may be used to enclose the lead frame strip 110 containing the die
104 and form the mold compound 120. In an embodiment, the lead frame strip 110 may
comprise a plurality of packages 101, which in turn may comprise a plurality of die pads 107.
The mold compound 120 may be formed by thermal compression to form a mold encapsulating
the die pads 107, the die 104, the electrical connections, and one surface of the lead pads 103.

10
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After encapsulation 201, the die pad 107 and lead pads 103 may be exposed on one side of the
lead frame strip 110, which is usually the side opposite the side on which the die 104 was
mounted.

Method 200 may comprise forming 202 a channel 130 between nearby packages 101
on the lead frame strip 110, resulting in an embodiment shown in FIG. 4. The channel 130
may be created using any method capable of cutting the encapsulated lead frame strip 110, as
would be known to one skilled in the arts. Possible methods of creating the channel 130 may
include without limitation the use of a saw, laser, or chemical etch. As discussed above, the
channel 130 may extend through the lead frame strip 110 and into the mold compound 120
without singulating the packages 101 or may extend only partially through the lead frame strip
110.

Method 200 may optionally comprise filling 203 the channel 130 with a removable,
heat resistant material resulting in an embodiment shown in FIG. 5A, 5B, 5C, or 5D. In an
embodiment, the removable, heat resistant material is a resin or a solder resist 140. The solder
resist 140 may be deposited through a blanket deposition on the encapsulated lead frame strip
110 second surface, substantially covering the surface. The deposition may be accomplished
using a suitable process such as spraying the solder resist 140 with a nozzle or moving the lead
frame strip 110 through a curtain of solder resist 140. Following deposition, the solder resist
140 may be partially hardened using a suitable curing process. An example of a curing process
may include baking. The solder resist 140 may then be exposed to a pattern of radiation, for
example, through the use of a mask. Following exposure of the solder resist, a development
step, which may remove the unexposed portions, may be performed using a suitable
development process including exposure to a developing agent such as sodium monohydrate or
potassium carbonate monohydrate. Following development, the solder resist 140 may be
rinsed, dried, and cured. Alternatively, the solder resist 140 may be selectively placed in the
channels 130 between the packages 101. A curing process may then be used to fix the solder
resist 140 in the channels.

In method 200, solder may then be disposed on the exposed surface of the die pad, lead
pads or both 204, resulting in an embodiment shown in FIG. 6A, 6B, or 6C. Any method that
is capable of disposing solder on the pads may be used. In an embodiment, the solder is in the
form of a solder ball 150 disposed on the pad surface using a flux 151. The flux 151 may be
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applied to the pads using a spraying or rolling procedure followed by placement of the solder
balls 150. Alternatively, the flux 151 may be applied to the solder balls 150 which may
subsequently be placed on the pads. One or more solder balls 150 may be placed on the lead
pads 103 or die pad 107 depending on a variety of considerations including, but not limited to,
the pad size, the solder ball size, and the final solder standoff height requirement.
Alternatively, solder may be disposed in the form of a solder paste 152. A screen printing
process may be used to dispose the solder paste 152 on the surface of the lead frame strip 110,
after which the solder paste 152 may be capable of remaining on the pad until being fixed in a
subsequent reflow or planarization process. In another embodiment, a solder paste may be
applied to the pads using a planarization tool 153 having the solder paste screen printed on its
surface. The planarization tool 153 may then be aligned and placed on the lead frame strip 110
such that the solder is disposed on a pad surface along with the planarization tool 153.

If a solder is disposed on the surface of the lead frame strip 110 using a solder paste
152 and screening process, the solder may be held back from the edge of the pads as shown in
FIG.s 6B and 6C. The holdback may help prevent solder from wicking around the edge of the
pad or from bridging between nearby pads, which may create electrical shorts and failures in
the package. Withholding solder from the edge of the pad may be important when the channel
130 between nearby packages 101 is not filled with solder resist 140 as it may reduce the
amount of solder that flows into the channel 130. A reduction in the amount of solder located
in the channel 130 may decrease the amount of material that must be removed in a singulation
step and prolong the operational life of the singulation device.

In method 200, the disposed solder may optionally be planarized 205. In an
embodiment, a planarization tool 153 of the disclosed design may be used to planarize the
solder on the pad surfaces. A method of planarizing the disposed solder using the planarization
tool is disclosed below in method 300. If the disposed solder is not planarized, a solder reflow
process, as discussed below, may be used to bond the solder to the pad surface.

In an embodiment, the lead frame strip 110 may optionally be washed after the reflow
process to remove any solder resist 140 or residual flux 151. Any washing or cleaning process
capable of removing residual flux 151 or solder resist 140 may be used and would be known to
one skilled in the arts. Washing may remove the solder resist 140 from the channel 130
between the packages 101. As a result, singulation of the packages 107 would only require
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cutting through the remaining dam bar 112 metal and mold compound which may increase the
performance and operational life of a device used to singulate the packages 101.

Method 200 may comprise singulating 206 the lead frame strips 110 to form individual
packages 101. Singulation refers to the process whereby the connecting material between
nearby packages 101 in a lead frame strip 110 is removed or separated so as to create
individual packages 101. Any method capable of singulating the lead frame strip 110 may be
used and would be known to one skilled in the arts. Examples of singulation techniques include
sawing or punching. In an embodiment, the packages 101 may be singulated using a saw. The
saw may be of the same thickness as the saw used to cut the channels 130 between the
packages 101. Alternatively, the saw may be slightly thinner allowing for some variance in the
cutting lane between the packages 101. A thinner saw may also avoid smearing of the lead pad
metal or solder along the lead pad edge 108, which could lead to an electrical short between
nearby pads during operation. The singulation of the packages 101 results in the lead pad edge
108 exposed on the side of the individual package 101.

As described in method 300 in FIG. 10, the solder may be planarized to ensure a
relatively flat surface for bonding to an external electronic system once the solder is disposed
on the surface of a lead pad or die pad. Once the solder has been disposed 201 on the surface
of the lead frame strip 110 as shown in FIG. 7, the planarization tool 153 may be placed on the
lead frame strip 110, enclosing the solder between the two surfaces 202. The pilot holes in the
lead frame strip 110 may be used to align the planarization tool 153 with the lead frame strip
110. During the planarization process, the lead frame strip 110 may be oriented such that the
encapsulated side is under the surface with the disposed solder and planarization tool on top.
Spacers 162 may be used to hold the planarization tool 153 at a required distance from the lead
frame strip 110, or the planarization tool 153 may be placed on the disposed solder without any
support.

In method 300, the solder, which is enclosed between the lead frame strip 110 and the
planarization tool 153, may then be subjected to a reflow process 303 carried out in a reflow
oven. The oven heats the solder above the solder melting point so that the solder flows. Since
the molten solder is in contact with a planar surface, it may assume the shape of the
planarization tool 153 rather than form a humped or rounded surface. For lead frame strips 110
using a solder resist fill 140 in the channel 130 between the packages 101, the solder resist 140
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fill may act as barrier to prevent solder from flowing into the channel 130. Alternatively, a
lead frame strip 110 having an empty channel 130 may control the amount of disposed solder
and final solder standoff height 160 in order to reduce or prevent any solder from flowing into
the channel 130. Referring to method 300, the package comprising the lead frame strip 110,
solder, and planarization tool 153 may optionally be exposed to a vacuum pressure 304 while
the solder is molten to increase the flux off-gassing and reduce the occurrence of voids in the
finished solder surface. In this embodiment, the solder may be exposed to a vacuum pressure
ranging from O psia to 14 psia.

As shown in method 300, the planarization tool 153 may be removed 305 from the
solder surface as the solder cools. If the solder is allowed to cool completely, removal of the
planarization tool 153 may cause the mechanical bond between the solder and a pad to fail.
Therefore, the planarization tool 153 may be removed once the solder has solidified but before
the solder has cooled sufficiently to bond to the pad or planarization tool 153. Some surface
voids on the solder standoff 161 may result from the planarization of the solder, but the voids
may not affect the solder standoff’s 161 ability to attach to an end product or larger electronic
system. After removal, the planarization tool 153 may optionally be washed or cleaned prior to
reuse to remove any solder or flux residue remaining after the reflow process. A method of
removing solder or flux residue would be known to one skilled in the arts.

In an embodiment as shown in FIG. 1B, the disclosed method results in the creation of
an individual package 101 with a solder standoff 161 and lead pads 103 that extend to the edge
of the package 101 without a pull-back. The lead pad 103 and lead pad base metal may be
exposed along the edge of the individual package 101. The solder standoff 161 may be
substantially planarized and the height 160 may be adjusted based on the spacer 162 height
used. Further the individual package 101 may comprise a die 104 that is electrically connected
to the lead pads 103 using a variety of connection techniques including, but not limited to, wire
bonding and a flip chip process. The individual package 101 may be encapsulated in any mold
compound 120 capable of encapsulating the package 101 and may comprise any lead frame
strip material, design, or pattern capable of passing through the disclosed manufacturing
method. The disclosed method may result in an individual package 101 that may be

manufactured without an etching or plating line.
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This disclosure describes a method for manufacturing a semiconductor package. While
the described method results in a package without a lead, the method could be expanded to
include the additional step of connecting a lead to the lead pad with a raised solder surface.
The lead could then be used in conjunction with the associated raised solder surface to allow
the package to be connected to a larger electronic system. Since the main manufacturing
method steps are the same, both a leadless and leaded package are considered to be within the
scope of this disclosure.

Those skilled in the art to which the invention relates will appreciate that the above
described embodiments are just representative examples of the many ways and variations of

ways to implement the claimed invention.
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CLAIMS

What is claimed is:

1. A method of manufacturing a semiconductor package with a solder standoff
comprising:

encapsulating a plurality of die on a lead frame strip, the lead frame strip
comprising a plurality of package sites, and the package sites comprising a die pad and a
plurality of lead pads;
forming a channel between the lead pads of nearby package sites without
singulating the packages;
disposing solder on one of the lead pads, the die pad, or the lead pads and the
die pad without substantially covering the channels with solder; and
singulating the packages.
2. The method of Claim 1, wherein the channel extends at least partially through
the lead frame strip, but does not extend through the package.
3. The method of Claim 1 or 2, further comprising filling the channel with a resin.
4. The method of Claim 1, further comprising planarizing the solder using a
planarization tool.
5. The method of Claim 4, wherein a resin extending outward from the surface of
the lead frame strip acts as a spacer for the planarization tool.
6. The method of Claim 4, wherein the planarization tool comprises a spacer for
setting the solder standoff height.
7. The method of Claim 6, wherein the spacer is located at approximately the
package corners.
8. A semiconductor package comprising:
a semiconductor die connected to a lead frame strip comprising a die pad and a
plurality of lead pads;
a mold compound encapsulating the die but not one of the lead pads or the die
pad; and
a solder standoff connected to one of the lead pads, the die pad, or the lead pads
and the die pad, wherein the lead pad extends to an edge of the package.
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9. A method of planarizing solder in a semiconductor package with a solder
standoff comprising:
disposing solder on one of a lead pad, a die pad, or a lead pad and a die pad;
enclosing the solder between a planarization tool and at least one of the lead
pads and die pad, the planarization tool comprising a device with a surface that promotes
forming a planar solder surface;
reflowing the solder to create a substantially planar solder standoff; and
removing the planarization tool without substantially altering the solder
standoff.
10. The method of Claim 9, further comprising exposing the solder to a vacuum
pressure during solder reflow.
11. The method of Claim 9 or 10, wherein the planarization tool comprises a spacer

for setting the solder standoff height.

17



PCT/US2007/082844

WO 2008/055105

1/7

(PRIOR ART)

FIG. 14

r A r A r 1_ r A r A

AN I |l |l |l |l I

SANEE

R T T T U T I O O A Bt

L |/YN_ _l||//IL _l|I/|L _l|~\I|L _IM\“|L
IIIII A N / \ ! / |
_ ™ \ \ / / | |

-~ N\, -

T// ¢ L\ (. + Lo——q - I
IIIII 4 ~~ | N \ \ i [T S |
S~ N \ AY ) / -
~L st b
IIIII - #/L N \ \ ! / 4 F—————n

| ™~ 7 | |
i _ Lt
||||| 4~ 1 < T (SR
Ol// " o "
||||| ) r———-
I S A e I
T | | T "
P N
IIIII a4 L1 N L————1
1 _.|\n|.\||.\||._,||v/|!_ Sne
||||| 1 \\\\ L F\ \\ / ! a /Y _|||||||"
— + ~
\TA_ S S / \ AN I i
[ yd / ! \ \ o I
IIIII d4 e \ i \ / / rll.ﬂllL
/r——71 r—=-1 ﬂ|L||_ ﬂ|r||_ r—N\"""7 \ \
A T I E I T O T IS
w | o o o o 0 AN
Si JL L il 1l lee
™ L d L d L d L——_1 L Jd — —

106

FIG. IB

1
(@) o0
A o
—
e
_ R _
I S I R B I
I ™ A I I o I |
I o S T R T I
A N N N ,
| < L _.||/|._ rlﬁl._ 7 |
|||||||| 5 R
_ _ // // \ / \\ | _
~ .
| T// P T T |
IIIIIIII J ~~ | \, \ 1] 4 [l S —
| S~ _.|.4||/||.—,|||\||4n|._ iz |
IIIIIIII - o NN / ~ ————

I i 3~ A _ |
! N - At !
|||||||| 4 I =< I b——

_ (e RN [ o [ I
|l F-—————- |“ ~— Ny ...“.l ~— I"r "l IIIIIIII |
| —F-T T I I |
| . < |
I - - \\\\\__rl.kﬂl.\ll I__ ,IIVII”__// B I
— - 7 7 T =\ N Mo —
|||||||| i NS W S N ///Mlllllll-
| \T)ﬂ 7 / / \ \ I |
| |n / i / \ ,— AN “u |
|||||||| / , . ]

_ e T B B

]
w0 | I I I I I
_ S i Lo o o i @ _
| | | [ 1 [ | o |
| I o I I I —
| | [ [ [ [ | |
I I 1o I I I
| I [ [ [ [ I |




000000000000

2/7

FIG. 2



PCT/US2007/082844

WO 2008/055105

3/7

mor .01
\

FNF

¢l

2L - /oy €01
_ \

Nor

FNF

mor

_/f NN\ .

_

NI o 55z

_\X\A

vov

v

L0}

v I

2Ll
mS r \y_

L

Nor

vor

vor

mor Nov
ANANY
O s

_ 7/ /L N/ | _

\v&

101

_,

OLL



WO 2008/055105 PCT/US2007/082844

4/7

110
120 105 106 FIG. 44
101
103 1350 | 107 103‘ 1530 103
\_ I | / \
N N
110 /
, /
R P ] ]
120 11/2 105 105 FIG. 4B
108
104 107 103\ 140 103 104 107
( / N
\\l f | L\
110 /
7 1
120 105 100 FIG. 54

110




WO 2008/055105 PCT/US2007/082844

5/7
108
104 107 103 103 14
105 FIG. 5C
108
104 107 103 140 103 14
110

%

105 FIG. 5D




PCT/US2007/082844

WO 2008/055105
6/7
153\\ /
N N
152 152 152
103 104 107 103 LEFIG. 6C
N { / /
SN \I ’ 1N
N /)
] ) ‘ P
120 105 105
191
161 162 103 107 161 103 1?2 161

[

e BTN A e,

] /48

J ' T
NI XAHZD

7= T
FIG. 74 120 105 105 1\3

Y

o

161 140 103 107 161 103 140 161
(

e BRTAWAY ) / / L

W//W o4

-l
-«

FIG. 7B 120 1\3

Y

o



WO 2008/055105

PCT/US2007/082844

170 171
?D O . lﬁ == XX\A 72
153 00 |T—== X
106~ 1
N 18
160 TF 174 174
173
o 6 () =2 —
AR
183
182~ 1y
ar 0 Q
17& o ° o . . C \1/75
S o O Q O o
O (o]
(o) o 0 O
174 Q o]
=,=/
~ FIG. 8
LEAD FRAME STRIP ON THE PADS
¥ y
202 ~ ENCLOSING THE SOLDER
FORMING A CHANNEL 302~ BETWEEN THE PAD AND
______ Lo A PLANARIZATION TOOL
203~y " FILLING THE CHANNEL j T
I 303 ~J REFLOWING THE SOLDER
2041 DISPOSING SOLDER T
______ Lo | EXPOSING THE SOLDER |
205 /' PLANARIZING THE SOLDER | 304 10 Q\LAEU_U%"_P RESSURE |
! REMOVING THE
206 | SINGULATING THE PACKAGES 305~ PLANARIZATION TOOL
FIG. 9

FIG. 10




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings

