
26 September 2005 1 LEADED SEMICONDUCTOR PACKAGES AND METHOD OF  TRIMMING
AND SINGULATING SUCH PACKAGES Field of the Invention This invention relates
to leaded semiconductor packages and a method of  trimming and singulating
such packages using a panel with a plurality of lead frames. Background
Conventionally, formation of a leaded semiconductor package begins by
mounting a semiconductor die to a lead frame. The mounting generally
includes  attaching the semiconductor die to a mounting paddle of the lead
frame and wire  bonding electrical contacts of the semiconductor die to
leads of the lead frame. Upon  mounting as such, the semiconductor die is
molded with a protective cover to prevent  contamination or to alleviate
damage to the semiconductor die. The protective cover  may be provided
with, for example, an epoxy resin that requires a curing process.  After
the curing process, formation of the leaded semiconductor package is
completed when the leads are trimmed and formed by, for example, punching
to  separate undesired portions of a lead frame. Generally, a plurality of
lead frames is arrayed on a panel so that more than  one semiconductor die
can be mounted for each panel. Following the formation steps  described
above, each semiconductor die is mounted onto a respective lead frame  and
molded together with other semiconductor dies on the panel. The panel is
then trimmed and sawed to provide individual or singulated leaded
semiconductor  packages. Each of these singulated leaded semiconductor
packages is functionally  tested to check electrical performance of the
semiconductor die mounted within. 



In the above method to form a leaded semiconductor package, a mounting
paddle supports a semiconductor die. However, other supporting materials
such as,  for example, an adhesive tape, can replace the mounting paddle to
reduce thickness  of the leaded semiconductor package. For example, US
Patent 5,286,679, issued to 26 September 2005 2 Farnworth et al on 15
February 1994 and US Patent 5,729,049, issued to Corisis et al  on 17 March
1998, both assigned to Micron Technology, Inc., describe use of an
adhesive tape in place of the mounting paddle. Also, US Patent 5,789,083,
issued to  Kinsman on 4 August 1998 and assigned to Micron Technology,
Inc., describes use 5 of a support structure to support a semiconductor die
during functional testing and  that is removed during trim and form.
Although the above techniques are adopted to reduce the size of leaded
semiconductor packages, further reduction in this size is likely to cause a
problem in 10 handling, or transporting such packages. This is because
existing equipment used in  packaging and electrical testing requires
modifications to accommodate smaller  leaded semiconductor packages for
such handling or transporting. These  modifications can be expensive and
are likely to incur development costs that  increase the cost of a leaded
semiconductor package. 15 In US Patent 5,926,380, issued to Kim on 20 July
1999 and assigned to LG  Semicon Co., Ltd., a lead frame lattice is used to
assemble a plurality of integrated  chips formed in a wafer. However, the
integrated chips are sawn for functional  testing and the problem described
above still limits any reduction in the size of such 20 integrated chips.
Also, transport time to transport an integrated chip from a carrier to  



a test position and vice versa affects cycle time to form the integrated
chip.  Furthermore, lead-supporting bars of the lead frame lattice have to
be sawn entirely  to detach each of the plurality of integrated chips. 25
As consumer demands for smaller portable electronic devices increase,
development of smaller leaded semiconductor packages helps to meet such
demands.  Therefore, in view of these consumer demands, a need clearly
exists for a leaded  semiconductor package that can be formed in a smaller
size without being limited by  existing equipment in terms of handling or
transporting. 30 26 September 2005 3 Summary  in accordance with one aspect
of the invention, there is disclosed a leaded  semiconductor package
comprising: a plurality of semiconductor dies;  and a panel having lead
frames arrayed in a plurality of frame strips,. _ said plurality of
semiconductor dies being mounted to said lead frames, each  of said
plurality of frame strips comprising at least one mounting paddle disposed
between opposite ends of each frame strip, adjacent ones of said at least
one mounting paddle being connected by a tie bar, said panel including: 10
15 a peripheral frame; a plurality of dam bars disposed within said
peripheral frame; 



a plurality of leads extending transversely from portions of said .
plurality of dam bars; and  a plurality of support bars extending
transversely from other portions  of said plurality of dam bars, wherein
each of said plurality of support bars is  non-contiguous between said
plurality of dam bars. 20 Optionally, opposite ends of each of the
plurality of frame strips can comprise  at least one primary tie bar. 26
September 2005 4 More optionally, each of the plurality of frame strips can
comprise at least  one mounting paddle, the at least one mounting paddle
being disposed between the  opposite ends. 5 Generally, adjacent ones of
the at least one mounting paddle can be  connected by a secondary tie bar.
More generally, the other portions of the plurality of dam bars can be
disposed between adjacent lead frames. 10 Optionally, the panel can further
include at least one slot disposed between at  least one side of the
peripheral frame and the lead frames. More optionally, the panel can
further include at least one slot disposed  15 between adjacent ones of the
plurality of frame strips. In accordance with one embodiment of the
invention, there may be provided a  method of trimming and singulating
leaded semiconductor packages, the method  



comprising the steps of 20 mounting a plurality of semiconductor dies onto
lead frames of a panel, the  lead frames being arrayed in a plurality of
frame strips, each of the lead frames  having a plurality of leads;
trimming by punching the panel to form the plurality of leads for each of
the lead frames; 25 and sawing across the plurality of frame strips to
singulate the lead frames and  thereby form the leaded semiconductor
packages. Generally, the sawing step can comprise the step of sawing along
each of a  30 plurality of support bars extending transversely from a
plurality of dam bars, the plurality of dam bars being disposed within a
peripheral frame of the panel. 26 September 2005 5 Optionally, the method
can further comprise the step of functionally testing  one or more of the
plurality of semiconductor dies mounted on the lead frames prior  to the
sawing step. 5 Generally, the mounting step can comprise the step of
attaching an adhesive  side of at least one single-sided adhesive tape to a
planar side of the panel. Optionally, the attaching step can comprise the
step of aligning the at least  10 one single-sided adhesive tape with each
of the plurality of frame strips. Generally, the mounting step can further
comprise the step of affixing each of  the plurality of semiconductor dies
onto the adhesive side of the at least one single- sided adhesive tape. 



15 More generally, the mounting step can further comprise the step of
electrically connecting the plurality of semiconductor dies to the
plurality of leads of  respective the lead frames. 20 Optionally, the
mounting step can further comprise the step of molding each  of the
plurality of semiconductor dies after the electrically connecting step.
More optionally, the mounting step can further comprise the step of
removing  the at least one single-sided adhesive tape after the molding
step. 25 Brief Description of the Drawings Embodiments of the invention are
described hereinafter with  reference to the drawings, in which: 30 FIG. 1
is a plan view of a panel in accordance with a preferred embodiment  of the
invention; 26 September 2005 6 FIG. 2 is an enlarged view of a portion of
the panel of FIG. 1; FIG. 3 is a cross-sectional view of a lead frame of
the panel of FIG. 2 along  5 line 3-3' illustrating a semiconductor die
mounted thereat; FIG. 4 is an enlarged view of a section of the portion of
FIG. 2 showing two  lead frames; 10 FIG. 5 is plan view of a portion of a
panel in accordance with another  embodiment of the invention; FIG. 6 is
plan view of a portion of a panel in accordance with yet another
embodiment of the invention; 



15 FIG. 7 is a cross-sectional view of a lead frame of the panel of FIG. 6
along  line 7-7' illustrating a semiconductor die mounted thereat; FIG. 8
is a flow chart illustrating a method of trimming and singulating  20
leaded semiconductor packages mounted on the panel of FIG. 1; FIG. 9A to
FIG. 9D illustrates various stages in forming the leaded  semiconductor
packages using the method of FIG. 8; 25 FIG. 1 OA and FIG. 1 OB are plan
views of a panel with and without adhesive  tapes, respectively, in
accordance with further alternate embodiments of the  invention; and 30 26
September 2005 7 FIG. 1 lA and FIG. 11B are plan views of a panel with and
without adhesive  tapes, respectively, in accordance with still further
alternate embodiments of the  invention. 5 Detailed Description Leaded
semiconductor packages and a method of trimming and sawing to  singulate
the leaded semiconductor packages in accordance with preferred  embodiments
of the invention are described. In the following, numerous details are
provided for a more thorough description. It shall be apparent to one
skilled in the 1.0 art, however, that the invention may be practised
without such details. In other  instances, well-known details have not been
described at length so as not to obscure  the invention. 



The advantages of the preferred embodiments of the invention are manifold.
15 One advantage of the preferred embodiments of the invention is that
leaded semiconductor packages are easier to handle and transport when
connected together  in a panel. Consequently, leaded semiconductor packages
can be formed in a smaller  size without being limited by existing
equipment in terms of handling or  transporting. 20 In addition to ease of
handling or transporting, another advantage of the  preferred embodiments
of the invention is that functional testing can be performed  before leaded
semiconductor packages of a panel are singulated. This reduces  transport
time compared to functionally testing each leaded semiconductor package 25
after singulation. Also, time for the functional testing can be reduced by
simultaneously testing more than one leaded semiconductor package at a
time. Thus,  in the preferred embodiments of the invention, cycle time to
form a leaded  semiconductor package is reduced compared to existing
functional testing. 30 Yet another advantage of the preferred embodiments
of the invention is that  the concept of punching and saw singulation,
which is possible as a result of using  such a panel, allows a higher
throughput in forming the leaded semiconductor 26 September 2005 8 packages
as well as minimising tooling cost required for each package size. This is
because more leaded semiconductor packages can be transported and handled
with  each panel of the preferred embodiments of the invention compared to
existing  panels. Furthermore, there is no need to change existing tools
for transporting and 5 handling the panel of the preferred embodiments of
the invention. Hence, overall  



cost of each of the leaded semiconductor packages is reduced. A still
further advantage of the preferred embodiments of the invention is  that,
in addition to stiffening the panel for easier sawing, the plurality of
support bars 10 also serves as guides to align sawing blades to sawing
directions. Further advantageously, the support bars in the present
invention also serve to  stiffen the panel against stress that is typically
encountered when the saw blades  rotate against the panel during sawing. 15
Referring now to FIG. 1, a plan view of a panel 10 in accordance with a
preferred embodiment of the invention is illustrated. To better illustrate
the panel 10,  an enlarged view of a portion 20 of the panel 10 is shown in
FIG. 2. The panel 10 has  lead frames 22 arrayed in a plurality of frame
strips 24 for mounting a plurality of 20 semiconductor dies (not shown).
The panel 10 includes a peripheral frame 26, a  plurality of dam bars 28
disposed within the peripheral frame 26, a plurality of leads  30 extending
transversely from portions of the plurality of dam bars 28 and a  plurality
of support bars 32 extending transversely from other portions of the
plurality of darn bars 28. Primary tie bars 34 are formed at opposite ends
of each of  25 the plurality of frame strips 24. A cross-sectional view
along line 3-3' of a lead frame 22 of the panel 10 is  illustrated in FIG.
3 with a semiconductor die 36 mounted thereat. The  semiconductor die 36 is
affixed onto an adhesive side 38 of a single-sided adhesive 30 tape 40. The
semiconductor die 36 electrically connects to two leads 30a,30b
respectively via wires 42a,42b. 26 September 2005 9 



Slots 44 are disposed between sides of the peripheral frame 26 and the
plurality of frame strips 24. A slot 44 is indicated in FIG. 2 on the left
side of the  portion 20. The purpose of these slots 44 is to absorb thermal
stress caused by 5 different coefficients of thermal expansion of different
materials used with packaging  of the panel 10. Also, intermediate slots 48
are disposed between dam bars 28a,28b  to absorb thermal stress for each of
the plurality of frame strips 24. Referring now to FIG. 4, an enlarged view
of a section 50 of the portion 20  10 shows two lead frames 22a,22b. Each
of the plurality of support bars 32 is non contiguous between the plurality
of dam bars 28 that support leads 30 on opposing  sides of the lead frames
22a,22b. Hence, a support bar 32a extending from a dam bar  28a is not
connected to another support bar 32b extending from another dam bar 28b. It
is to be noted that the tie bar 34 that is illustrated in FIG. 4 is outside
the body  15 outline 52a and is not a part of the lead frame 22a. The
plurality of frame strips 24 without the intermediate slots 48 is shown in
FIG. 5 for a panel 60 in accordance with another embodiment of the
invention. In  accordance with yet another embodiment of the invention,
FIG. 6 shows a portion of 20 a panel 70 having a plurality of mounting
paddles 72 for mounting a plurality of  semiconductor dies (not shown). The
panel 70 also does not have the intermediate  slots 48 as in the panel 10_
Secondary tie bars 74 connect adjacent ones of the  mounting paddles 72. 25
For the panel 70, FIG. 7 illustrates a cross-sectional view of a lead frame
22  along line 7-7' having a semiconductor die 76 mounted to a mounting
paddle 72. In  this view, the semiconductor die 76 is wire-bonded with
wires 78a,78b to leads  30c,30d respectively. The leads 30c,30d extend from
dam bars 28c,28d respectively. 30 The panel 10 is illustrated without
mounting paddles for mounting the  



plurality of semiconductor dies. However, such mounting paddles can be
formed on 26 September 2005 10 the panel 10 by extending secondary tie bars
74 from primary tie bars 34 disposed at  opposite ends of each of the
plurality of frame strips 24. A method 80 of trimming and singulating
leaded semiconductor packages 5 using the panel 10 is illustrated with a
flow chart in FIG. 8. The method 80 begins at  step 81 in which a plurality
of semiconductor dies 36 is mounted onto the lead  frames 22 of the panel
10. Mounting includes attaching the adhesive side 38 of the  single-sided
adhesive tape 40 to a planar side of the panel 10. Depending on the  width
of the planar side, one or more of the single-sided adhesive tape 40 is
used. For 10 example, if more than one single-sided adhesive tape 40 is to
be used, then each  single-sided adhesive tape 40 needs to be aligned with
each of the plurality of frame  strips 24. Upon attaching the single-sided
adhesive tape 40, each of the plurality of  15 semiconductor dies 36 is
then affixed onto the adhesive side 38. Mounting then continues with
electrically connecting the plurality of semiconductor dies 36 to the
plurality of leads 30 of respective lead frames 22. One technique to
electrically connect the plurality of semiconductor dies 36  20 to the
plurality of leads 30 is, for example, by wire bonding. As is known in the
art, wire bonding bonds electrical contacts of the plurality of
semiconductor dies 36 to  the plurality of leads 30. Mounting further
comprises molding each of the plurality of  semiconductor dies 36 after
electrically connecting the plurality of semiconductor  dies 36 to the
plurality of leads 30. Upon molding, the single-sided adhesive tape 40 25
is removed as a molding compound applied in the molding step now provides  



support for the plurality of semiconductor dies 36 in the lead frames 22.
Upon mounting the plurality of semiconductor dies 36 onto the lead frames
22 of the panel 10, the leads 30 of the lead frames 22 are trimmed at step
82 by 30 punching. After trimming the leads 30 for every lead frame 22 of
the panel 10, a  panellised array of leaded semiconductor packages is
formed.. In the trimming step 26 September 2005 11 82, the support bars 32
associated with each of the plurality of frame strips 24 are not  trimmed.
Hence, the support bars 32 connect the plurality of frame strips 24 to each
other and serve as boundaries between each of the leaded semiconductor
packages. 5 The method 80 continues to step 83 in which one or more of the
semiconductor dies 36 respectively associated with the leaded semiconductor
packages of the panel 10 are functionally tested. As the leaded
semiconductor  packages are still attached on the panel 10 by the support
bars 32, handling or  transporting the leaded semiconductor packages as a
panel is easier than handling or 10 transporting individual leaded
semiconductor packages that have been depanellised  or singulated. After
the testing step 83, the method 80 continues to step 84 in which the
leaded semiconductor packages of the panel 10 are singulated.  Singulation
of the 15 leaded semiconductor packages is performed by sawing across the
plurality of frame  strips 24 along the support bars 32. It is to be noted
that the support bars 32 should be  thinner than the width of saw blades
used in the sawing step 84. This is so that burrs  are not formed along
edges of each of the leaded semiconductor packages after the  sawing step
84. 20 



It is to be noted that in describing the steps of the method 80, the panel
10 is  used as an illustrative example only. Therefore, variations in the
steps of the method  80 are expected when the other panels 60,70 are used.
For example, when each of the  lead frames 22 includes a mounting paddle
72, then an epoxy resin or a double-sided 25 adhesive tape maybe applied to
affix a semiconductor die 36 to the mounting paddle. The sequential
formation of the leaded semiconductor packages using the  method 80 for the
panel 70 is illustrated in FIG. 9A to FIG. 9D. In describing the
sequential formation, only four leaded semiconductor packages are indicated
to.  30 simplify FIG. 9A to FIG. 9D. 26 September 2005 12 Accordingly, FIG.
9A shows four semiconductor dies 91a,91b,9Ic,91d after  mounting to
respective lead frames 22c,22d,22e,22f of a frame strip 24a and wire
bonding. These four mounted semiconductor dies 91a,91b,91c,91d are then
molded  as shown but not indicated in FIG. 9B. Upon the trimming step 82,
the leads 30 are 5 trimmed and formed as illustrated in FIG. 9C. As shown
in FIG. 9C, the support bars  32 are still attached to other portions 92 of
the dam bars 28 and have not been  removed from each of the plurality of
frame strips 24 in the trimming step 82. After the semiconductor dies
91a,91b,91c,91d are functionally tested, the four  10 leaded semiconductor
packages of the frame strip 24a are singulated to provide four leaded
semiconductor packages 93a,93b,93c,93d that are now singulated in step 84
as shown in FIG. 9D. Referring now to FIG. IOA and FIG. IOB, plan views of
panels 100,102 with  15 and without adhesive tapes, respectively, in
accordance with further alternate embodiments of the invention are
illustrated. In these two panels 100,102, an  



intermediate slot 104 is disposed between two sets of frame strips 106,108.
FIG. I IA and FIG. I I B are plan views of panels 110,112 with and without
20 adhesive tapes, respectively, in accordance with still further alternate
embodiments of the invention. In these two panels 110,112, peripheral slots
114,116,118 are  disposed between two sets of frame strips 120,122 and a
peripheral frame 124 of the  panel 110. In addition, intermediate slots
126,128,130 are disposed between and  within the two sets of frame strips
120,122. 25 In the panels 100,102,110,112, the intermediate slots
104,126,128,130 and  the peripheral slots 114,116,118 serve as a buffer
between sets of frame strips  106,108,120,122. The intermediate slots
104,126,128,130 enable easier deposition or  injection of a mold compound
as well as better control of the semiconductor 30 packages to reduce
warping caused by different coefficient of thermal expansion in  material
used in packaging the panels 100,102,110,112. This is because frame strips
26 September 2005 13 for the panels 100,102,110,112 are shorter compared to
frame strips 24 of the panel  10. Consequently, the mold compound used in
the panels 100,102,110,112 needs to  transverse a shorter distance along
the frame strips of the panels 100,102,110,112  than that of the panel 10.
In the foregoing description, leaded semiconductor packages and a method of
forming such leaded semiconductor packages are described. Although
preferred  embodiments are described, it shall be apparent to one skilled
in the art in view of  these preferred embodiments that numerous changes
and/or modifications can be 10 made without departing from the scope and
spirit of the invention. 



26 September 2005 14 Claims:  L A leaded semiconductor package comprising:
a plurality of semiconductor dies;  and a panel having lead frames arrayed
in a plurality of frame strips, said plurality of semiconductor dies being
mounted to said lead frames, each of said plurality of  frame strips
comprising at least one mounting paddle disposed between opposite ends  of
each frame strip, adjacent ones of said at least one mounting paddle being
connected by a tie bar, said panel including: a peripheral frame; a
plurality of dam bars disposed within said peripheral frame; a plurality of
leads extending transversely from portions of said  plurality of dam bars;
and  a plurality of support bars extending transversely from other portions
of said plurality of dam bars, wherein each of said plurality of support
bars is  non-contiguous between said plurality of dam bars, 2. The leaded
semiconductor package as claimed in Claim 1, wherein said  opposite ends of
each of said plurality of frame strips comprises at least one further tie
bar. 26 September 2005 15 3. The leaded semiconductor package as claimed in
Claim 1, wherein said other  



portions of said plurality of dam bars are disposed between adjacent lead
frames. 4. The leaded semiconductor package as claimed in Claim 1, wherein
said panel  further includes one slot disposed between at least one side of
said peripheral frame  and said lead frames. 5. The leaded semiconductor
package as claimed in claim 1, wherein said panel  further includes at
least one slot disposed between adjacent ones of said plurality of  frame
strips.   LEADED SEMICONDUCTOR PACKAGES AND METHOD OF  TRIMMING AND
SINGULATING SUCH PACKAGES 5 Abstract Leaded semiconductor packages and a
method (80) of trimming and  singulating such packages are described. The
method (80) uses a panel (10) with lead  frames (22) arrayed in a plurality
of frame strips (24) for mounting a plurality of  semiconductor dies (36).
The panel (10) has a peripheral frame (26), a plurality of 10 dam bars (28)
disposed within the peripheral frame (26), a plurality of leads (30)
extending transversely from portions of the plurality of dam bars (28) and
a plurality  of support bars (32) extending transversely from other
portions of the plurality of  dam bars (28). Primary tie bars (34) are
formed at opposite ends of each of the  plurality of frame strips (24).
Slots (44) are disposed between lateral sides of the 15 peripheral frame
(26) and the plurality of frame strips (24).  accompanies this abstract. 


