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BACKGROUND OF THE INVENTION

15 In the fabrication of semiconductor devices, conductors (e.g., bonding
wires) are often utilized to provide interconnection between elements of the
semiconductor device. For example, Figure 1 illustrates a portion of conventicnal
semiconductor device 100. Semiconductor device 100 includes leadframe 102 and
leadframe contact(s) 102a. Semiconductor element (e.g., die) 104 is mounted on

20 leadframe 102. Bonding wire 106 provides interconnection between semiconductor
element 104 and leadframe contact 102a. Overmold 108 (i.e., @ mold compound) is
provided over bonding wire 106, semiconductor element 104, and leadframe
contact 102a. In the configuration illustrated in Figure 1, a number of bonding
wires 106 may be included in semiconductor device 100 to provide interconnection

25 between various connection points on semiconductor element 104 and corresponding

leadframe contacts 102a.

During the process of fabricating semiconductor device 100, short
circuits between adjacent bonding wires 106, or open circuits in connection with one or
more bonding wires 106 may occur. For example, during fabrication, movement (e.qg.,

30 sway, sweep, etc,) of bonding wires 106 may result in a short circuit between adjacent
bonding wires 106. Further, such movement of bonding wires may cause one or more

bending wires 106 to break, thus, causing an open circuit.



K&S--1S8SG 2- Figure 2 illustrates a conventional sem conductor device 200

i ncl udi n&&m15&{eapsul ant 210 over bonding wire 106. Encapsul ant 210 al so
covers the connection points between bonding wire 106 and each of

sem conductor el ement 104 and | eadframe contact 102a. In other respects, the

elenments illustrated in Figure 2 are very 5 simlar to those illustrated and
descri bed above with respect to Figure 1" Fi gure 3 is a perspective view of a
conventi onal sem conductor device 100, simlar to the device illustrated in
Figure 1. Sem conductor elenment 104 is illustrated nounted on | eadfrane 102.
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Various problems have been found in the conventional semiconductor

device configurations illustrated in Figures 1-4. As provided above, during fabrication

20 and movement of the semiconductor devices, bonding wires 106 may be become loose
(i.e., open circuit) at one of the connection points {i.e., at semiconductor element 104
or leadframe contact 102a). Further, adjacent bonding wires 106 may move (e.g.,
sway) towards each other, thereby creating short circuits in the semiconductor device.
These issues are particularly problematic in view of the desire to decrease the size of

25 semiconductor devices {and the corresponding desire to increase conductor density in
semiconductor devices). These fabrication shortcomings result in defective components
within semiconductor lots, resulting in higher manufacturing costs and poor reliability.
As such, it would be desirable to provide improved methods of fabricating

semiconductor devices.
30 SUMMARY OF THE INVENTION

To overcome the deficiencies of the prior art, in an exemplary
embodiment of the present invention, a method of packaging a multi-tier wire bonded
semiconductor device is provided. The method includes applying an insulative material
across only a portion of at least two of a plurality of conductors per layer providing

35 interconnection between elements in the multi-tier wire bonded semiconductor device.



sem.conduct or device is provided. The nethod includes applying an insulative
mat eri al K&cteq=Gonly a portion of at least two of a plurality of conductors
per layer providing 35 interconnection between elenents in the multi-tier

wi re bonded sem conductor device. K&S-158SG 3- According to anot her aspect of
the present invention, an encapsul ant i applied to the conductors and

el ements, thereby packagi ng the seni conductor device. According to yet
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According to yet a further aspect of the present invention, a
semiconductor device comprises a plurality of semiconductor elements; a plurality of
conductors arranged in a multiple tier configuration providing interconnection between

20 the plurality of semiconductor elements; and an insulative material applied across only
a portion of at least two of the plurality of conductors in at least two tiers of the

multiple tiers.

These and other aspects will become apparent from the detailed

description provided below.
25 BRIEF DESCRIPTICN OF THE DRAWINGS

The invention is best understocd from the following detailed description
when read in connection with the accompanying drawing. It is emphasized that,
according to common practice, the various features of the drawing are not to scale. On
the contrary, the dimensions of the various features are arbitrarily expanded or reduced

30 for clarity. Included in the drawing are the following Figures:

Figure 1 is a cut away side view of an interconnection between

semiconductor elements in a prior art semiconductor device;

Figure 2 is a cut away side view of an encapsulated interconnection

between semiconductor elements in a prior art semiconductor device;



30 fer clarity. Included in the drawing are the followi ng Figures: Figure 1
is a cut K#kal~83Gle view of an interconnection between semniconductor elenents
in a prior art sem conductor device; Figure 2 is a cut away side view of an
encapsul ated i nterconnection between sem conductor elenents in a prior art
sem conduct or device; K&S-158SG -4- Figure 3 is a perspective view of a
plurality of interconnections between “%éni conductor el ements in a prior art
sem conductor device; Figure 4 is a cut away side view of an encapsul at ed

i nterconnection between sem conductor elenents in_a prior art sem conductor
device; s Figure 5FR&rg 3dfe RRRERFCHYXIEY ¥f\d %'f“'raj‘ﬁy Pﬁ‘t"é&&%’?ﬂ?&??%h‘*%’@?ﬂeen

sem condgeinidong@L&BEBlefnents i & pribcandedicohdaeyi d&vicd) accordance with an
exenplary enbodi ment of the present invention; Figure 6 is a cut away side
vi ew of an i nt ercompet i4dn abret wean sideernsw oh do@hospsalated iftsrconnextissni conduct or

devi ce | LgGear AANES, Wl ADBLIST, 10X R AL LROULUED! of the present

i nvention, Hgure a perspectiv an 1 nterconnecti on between

semi conduct or el eme o 5f}s3 S eAAPUGHEL SN REABGRY MARGE, Vi Lh an
exenpl ary enbodi ne 0 ?he present inventron, Figure 8 I's a perspective
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sem conduyeddirden #ehk BraehPenGsh;M th another exenpl ary enbodi ment of the
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embodiment of the present invention;

Figure 8 is a perspective view of an interconnection between
15 semiconductor elements in a semiconductor device in accordance with another

exemplary embodiment of the present invention;

Figure 9 is a cut away view of conductors separated by an insulative

material in accordance with an exemplary embodiment of the present invention;

Figure 10 is a chart illustrating a silica particle size distribution in an
20 fnsulative material in accordance with an exemplary embodiment of the present

invention;

Figure 11 is another chart illustrating a silica particle size distribution in
an insulative material in accordance with an exemplary embodiment of the present

invention;

25 Figure 12 is a flow diagram illustrating a method of packaging a
semiconductor device in accordance with an exemplary embodiment of the present

invention;

Figure 13A is a cut away side view of an interconnection between
semiconductor elements in a multi-tier wire bonded semiconductor device in

30 accordance with an exemplary embodiment of the present invention;

Figure 13B is a top plan view of the device illustrated in Figure 13A;



Figure 13A is a cut away side view of an interconnection between ‘ ,
sem condU&tok>%enents in a nulti-tier wire bonded sem conductor device in 30
accordance with an exenpl ary enbodi nent of the present invention; Figure 13B
is atop plan view of the device illustrated in Figure 13A; K&S-1585G 5-
Figure 14A is a cut away side view of ap interconnection between

sem conductor elenents in a nmulti-tier re bonded sem conductor device in
accordance with anot her exenpl ary embodi nent of the present i nvention; and
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element refers to any portion of a semiconductor device, including substrates, dies,

chips, leadframes, leadframe contacts, etc.

20 Generally speaking, the present invention relates to placing a insulative
material (e.g., in the form of a polymer bead, strip, or preformed shape) across
bonding conductors (i.e., bonding wires) that provide interconnection between various

semiconductor elements in a semiconductor device.

The insulative material (e.g., a polymer bridge) creates a lattice (i.e., a
25 lattice bridge) or structure which will provide additional stability to the conductors such
that the conductors are separated (i.e., not short-circuited) during further processing
(e.qg., during transfer molding). Further, if the insulative material is applied as at least
partially fluid, it may distribute, through fluid forces, throughout the interconnected
conductor network during molding of the semiconductor device. This separation and
30 force transfer reduces wire sweep and sway, and reduces or eliminates short circuiting

resulting from an overmolding process.

After application of the insulative material (e.q., a polymer material such
as an epoxy resin), the resin is cured using at least one of heat or ultraviolet energy.
An overmold may then be applied to provide a packaged semiconductor device without

35 the wires moving or “sweeping” toward one another.



conductor network during nolding of the sem conductor device. This separation
and 30 f dB&eld8Hnsfer reduces wire sweep and sway, and reduces or elinnates
short circuiting resulting froman overnol ding process. After application of
the insulative material (e.g., a polyner material such as an epoxy resin),
the resin is cured using at |east one of heat or ultraviolet energy. An
overnold may then be applied to provi de®a packaged sem conduct or device

wi thout 35 the wires noving or "sweeping"” toward one anot her. K&S-158SG 6-
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uni ves salelsesataatidded prthdeentenapptior daticen. 15 Exenpl ary enbodi nents of the
present invention reduce sweep on conplex sem conductor device types (e.g.,
st acked di e devi ceds, wilire: elplamed bereax icertdiecemiomiibactsaf the pgiskst inmentiar

exanpl e, P - i i C i view of
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sem conduct or el erent. 504 e nounted to | eadfrane 50 usi ng an adhesi ve.

_ may b . .
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and | eadfdepfi@mnatdonabsic®Bgrs (Bef odteckedadieabdc&)Sand agpFdrastdiedhe devi ce,

i nsul ative tter' alt512 g’s ap | j e&a 0.8 rtion of bonding wires 506. For 25

exanpl e, ﬁoﬁg@? at ‘e{)g e Pefor 5K 'EE% é pa §§6F1 ed in a rectangul ar, ring,

and/or any Figure 5 illustrates a cut away side view of semiconductor device 500 in
accordance with an exemplary embodiment of the present invention. Semiconductor

20 device 500 includes semiconductor element 504 (e.g., a die) mounted on leadframe
502. For example, semiconductor element 504 may be mounted to leadframe 502
using an adhesive. Bonding wires 506 provide interconnection between semiconductor
element 504 and leadframe contacts 502a. Before overmold 508 is applied to the
device, insulative material 512 is applied to a portion of bonding wires 506. For

25 example, insulative material 512 may be applied in a rectangular, ring, and/or any
suitable shape around or about semiconductor element 504. Further, insulative
material 512 may be positioned closer to semiconductor element 504 (as opposed to
leadframe contacts 502a), because bonding wires 506 have a closer pitch (i.e., are
closer to adjacent bonding wires 506) at semiconductor eiement 504 than at leadframe

30 contacts 502a. Alternatively, insulative material 512 may be positicned midway
between semiconductor element 504 and leadframe contacts 502a. Further still,
insulative material 512 may be positioned at any of a number of locations between

semiconductor element 504 and leadframe contacts 502a, as desired in a given device.

By providing insulative material 512 across bonding wires 506, the
35 position of each of the bonding wires 506 with respect to one another is stabilized. By

stabilizing bonding wires 506 with respect to one another using insulative material 512,



sui tabl e shape around or about sem conductor elenent 504. Further, insulative
mat eri al ¥8€219886 be positioned closer to semi conductor el ement 504 (as
opposed to | eadfrane contacts 502a), because bonding wires 506 have a cl oser
pitch (i.e., are closer to adjacent bonding wires 506) at sem conductor

el ement 504 than at |eadfrane 30 contacts 502a. Alternatively, insulative
material 512 may be positioned m dway ~ bet ween semi conductor el enment 504 and
| eadf rame contacts 502a Further still, insul ative rrateri al 512 may be
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I nsul at i waLbeals;itRYaRfies O exanple, spherical silica particles. Figure 6
is a cut away side view of sem conduct or device 600, where 15 sem conductor

device 600 is sin I@gurk® ishecus QWag BHEGER o deMiGRIGA0r dbJitsto@tvpskrtn  Figure
5. As with the exenpl ary enbodi nent of the present invention i'llustrated in
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rect a”9”'iﬁ\55trartés‘ﬂﬂsm%ﬂ% Mat&if 5§H' ptrg\pihgd EH%Q&S‘&RQPSMM of bonding
20 wires 506. Insulative material 514 may be provided in a similar configuration to
insulative material 512 (e.qg., in a rectangular, ring, and/or any suitable shape around
or about semiconductor element 504). Additionally, insulative material 514 may be a
polymer material such as an epoxy resin, and may include insulative beads as

described above with respect to Figure 5.

25 Figure 7 illustrates a semiconductor device 700 including semiconductor
element 704 mounted on leadframe 702. Bonding wires 706 provide interconnection
between semiconductor element 704 and leadframe contacts 702a. Insulative
material 712 is provided across a portion of bonding wires 706 to stabilize bonding
wires 706 with respect to one another. In the exemplary embodiment of the present

30 invention illustrated in Figure 7, bonding wires 706 are provided in a substantially ring
shape (and/or any suitable shape) around or about semiconductor element 704. By
providing insulative material 712 across a portion of bonding wires 706, open or short
circuiting of bonding wires 706 may be substantially reduced prior to and during

application of overmold 708.

35 Figure 8 is a perspective view of semiconductor device 800 similar to the

device illustrated in Figure 7. In addition to the ring shaped insulative material 712



or about sem conductor elenent 504). Additionally, insulative material 514
may be aK&Fol§BRF material such as an epoxy resin, and may include insulative
beads as descri bed above with respect to Figure 5. 25 Figure 7 illustrates a
sem conduct or device 700 including sem conductor elenment 704 nounted on

| eadf rane 702. Bonding wires 706 provide interconnection between

sem conductor el ement 704 and | eadfrane®contacts 702a. Insulative material
712 is provided across a portion of bonding wires 706 to stabilize bonding
wires 706 with respect_to one another. In the exenplar&Penbodinent of the
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illustrated in
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insulative beads are smaller than the distance between adjacent bondlng wires (e.g.,
between bonding wire 906a and 906b), the insulative beads disperse into a position
20 between adjacent bonding wires, thereby providing enhanced stability and insulation

between adjacent bonding wires.

Figure 9 illustrates a distance “d1” representing a center-to-center

distance (i.e., pitch) between bonding wires 906a and 906b. Further, Figure 9
illustrates a distance “d2” representing a spacing between bonding wires 906a and

25 906b. According to an exemplary embodiment of the present invention, the insulative
material may be applied to ultrafine pitch bonding wired semiconductor devices. For
example, distance d1 in such a device may be approximately 35 pm or less, and
distance d2 in such a device may be approximately 15 pm or less. By providing
insulative material (e.g., with insulative beads dispersed therein) across a portion of

30 the bonding wires, the improved bonding wire stability of the present invention may be
applied to ultrafine pitch bonding wired semiconductor devices with small values for
distances d1 and d2.

By fabricating semiconducteor devices according to the methods described
herein, conducter density within a semiconductor device may be increased, desirably

35 resulting in a semiconductor device of decreased size.



i nsul ative beads are smaller than the di stance between adjacent bonding wres
(e.g., K&SweIPPbonding wire 906a and 906b), the insul ative beads di sperse
into a position 20 between adj acent bonding wires, thereby providi ng enhanced
stability and insulation between adjacent bonding wires. Figure 9
illustrates a distance "dl" representing a center-to-center distance (i.e.,
pi tch) between bonding wires 906a and 906b. Further, Figure 9 illustrates a
di stance "d2" representing a spacing between bonding wires 906a and 25 906b.
According to an exenpl of the gresent invention, the insulative
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i nsul ative natéri a |ze accor various  exenplary e I rents of
t he presewith siliceeat @ weighdpetrentage tlﬁfltwaemﬁert@éf’/o .of types of insulative beads.
For exanple, the beads may be constructed of a silica filler. Further, io
the insul ative beaddgyraylObe adrarhasiiilistaling AnHRxeMmpry Aeyiiciy SZr£es  and shapes.
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viscosity, ultraviolet curé(?ble sili ca. E_ga i nsul ative materi al
may be fiPfeefivageterel prosding Eo e EhPIaBe PEBRA g@@tﬁéf%ewss@ '8¥9At98: i e 10
IS a bar thBakémblaryaistritiutiop iRdstexed BigyrePED, tth€ kitics RZartidle €ize beads range
from approximately 0.05 microns to approximately 0.5 microns. Further, the
distribution of silica 1 particle size beads ranges from approximately 0.5 microns to
20 approximately 20 microns. The y-axis of the bar chart of Figure 10 illustrates the

percentage of each size of each of the silica 1 and silica 2 particles.

The silica fillers charted in Figure 10 have proven to be particularly useful
when dispersed within insulative materials (e.g., epoxy resin) according to certain
exemplary embodiments of the present invention. The individual distribution of the

25 silica diameter sizes for the type of spherical silica designated silica 1 is: 0% are
greater than 24 microns, 1.1% are less than 24 microns and greater than 16 microns,
4.0% are less than 16 microns and greater than 12 microns, 11.5% are less than 12
microns and greater than 8 microns, 12.8% are less than 8 microns and greater than 6
microns, 35.8% are less than 6 microns and greater than 3 microns, 13.3% are less

30 than 3 microns and greater than 2 microns, 12.5% are less than 2 microns and greater
than 1 microns, 7.0% are less than 1 microns and greater than 0.5 microns, and 2.0%
are less than 0.5 microns and greater than 0 microns. The individual distribution of the
silica diameter sizes for the type of spherical silica designated silica 2 is: 0% are
greater than 0.6 microns, 0.5% are less than 0.6 microns and greater than 0.5

35 microns, 7.03% are less than 0.5 microns and greater than 0.45 microns, 9.13% are

less than 0.45 microns and greater than 0.4 microns, 12.83% are less than 0.4 microns



is particle size-dianeter) distribution of two distinct silica fillers (e.g.
Si 02) usé®S k2% insulative material according to an exenpl ary enbodi ment of
the present invention. In the exenplary distribution illustrated in Figure
10, the silica 2 particle size beads range from approximtely 0.05 m crons
to approximately 0.5 microns. Further, the distribution of silica 1 particle
si ze beads ranges from approxi mately 0.% microns to 20 approxi mately 20

m crons. The y-axis of the bar chart of Figure 10 illustrates the percentage

of each size of each of the si silic article The silica
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exenpl ar nent
20 is a top view thereof. Semlconductor device 1300 includes semiconductor

element 1304 (e.g., a die) mounted on leadframe 1302. For example, semiconductor
element 1304 may be mounted to leadframe 1302 using an adhesive. Bonding
wires 1306 provide interconnection between semiconductor element 1304 and another
portion of semiconducter device 1300, for example, leadframe contacts not illustrated
25 in Figure 13A. Before an overmold may be applied to the device, insulative
material 1312 is applied to a portion of bonding wires 1306. For example, insulative
material 1312 may be applied in a rectangular, ring, and/or any suitable shape around
or about semiconductor element 1304. As provided above, insulative material 1312
may be positioned at any of a number of locations between semiconductor element
30 1304 and the other connection point of bonding wires 1306, as desired in a given

device.

As illustrated in Figures 14A and 14B, in device 1400, insulative material
1312 may be positioned at any of number of locations between semiconductor element
1304 and the other connection point of bonding wires 1306, as desired in a given

35 device.



i nvention | nsul ative material is applied across a plurality of bonding wire
| ayers i r‘i< PR*Gi-tier wire bonded seniconductor device. Thus, short
circuiting and ot her problens associated with wire sweep and sway are
reduced and/or elimnated in a nulti-tier wire bonded sem conductor device.
In certain exenplary enbodi nents of the]i 15 present invention, the insulative
material nay be applied across the nmult Ie bonding wre layers in addition
to application of the i nsul ative material across adj acent conductors as
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stabilized. By stabilizing the layers of the bonding wires 1306 with respect to one
another using insulative material 1312, the risk of short circuiting adjacent layers of

20 bonding wires 1306 (e.g., during application of an overmold) is substantially reduced if
not eliminated. Additionally, by stabilizing the position of the layers of bonding wires
1306, open circuiting of bonding wires 1306 during fabrication may also be

substantially reduced.

As provided above in connection with alternative embodiments of the
25 present invention, insulative material 1312 may be, for example, a polymer material
such as an epoxy resin. Additionally, insulative material 1312 may include insulative
particles or beads that distribute between layers of bonding wires 1306 during
application of insulative material 1306. Such insulative beads further stabilize layers of
bonding wires 1306 with respect to one another. These insulative beads may be, for

30 example, spherical silica particles.

As provided above, insulative beads (e.g., silica particles) or varying
types and sizes may be mixed in an insulative material according to certain exemplary
embodiments of the present invention. For example, the silica 1 distribution of
particles may be mixed with the silica 2 distribution of particles. In one embodiment,

35 10 parts of the silica 1 distribution of particles is mixed with 3 parts of the type silica 2



Ref erri n%&agal n to Figure 13A, bonding wires 1306 are provided in |layers or
tiers (i XS 1888F ce 1300 is a multi-tier wire bonded seni conductor device).
Insulative 10 material 1312 is provided across each of the bonding wire

| ayers, thereby reducing or substantially elimnating short circuiting due to
W re sweep and other associated problens as described herein. O course,
insulative material 1312 is not necessarily provided across each of the
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20 and greater than 0.06 microns, 0.07% are less than 0.06 microns and greater than

0.05 microns, and 0% are less than 0.05 microns.

It has been found that the application of an insulative material according
to the present invention is particularly useful in protecting bonding wires in
semiconductor packages from wire sweep during fabrication (e.qg., during the

25 overmolding process after application of the insulative material), where the length to
diameter ratio of the longest bonding wires is greater than 250. In certain
embodiments, the process includes dispensing the insulative material (e.g., while the
semiconductor device is still on the wirebonding machine), and thereafter a period of
time is provided for the material to flow. The flow time can be, for example, from two

30 to 50 seconds (and more specifically between 7 and 25 seconds) depending on several
conditions such as size of the semiconductor device, temperature of the semiconductor
device, temperature of the insulative material during dispensing, and the density of the
conductors providing interconnection between the elements. Thereafter, the insulative
material is cured using some combination of heat, UV radiation, visible radiation, and

35 IR radiation.
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20 bond substrate handling, overmolding, and globtop encapsulation. The yield of the
semiconductor devices is increased by preventing shorts of fine pitch, small diameter
wirebonded semiconductor devices through the application of the insulative material
including a combination of small and intermediate size insulative particles (e.qg.,
spherical silica particles) to the device for dispersion and distribution between adjacent

25 bonding wires, and subsequently curing/geliing the insulative material (e.g., on the
wirebonder) using heat, exposure to radiation (ultraviolet, visible, and/or infrared),
and/or through a thermal batch process. According to an exemplary embodiment of
the present invention, the insulative material, including the combination of small and
intermediate size spherical silica, is applied using an automatic dispensing machine as

30 soon as is practical after wirebonding.

The curing and/or gelling of the insulative material may vary depending
upon the embodiment of the present invention utilized. For example, the insulative
material may be cured/gelled directly on the wirebonder using heat and exposure to
ultraviolet radiation. According to another exemplary embodiment of the present

35 invention, the insulative material may be cured/gelled on the wirebonder by heat and

exposure to one of more of ultraviolet, visible, and infrared radiation. According to yet
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dispenser is also preferably heated, for example, to a temperature between 35°C and
85°C, and more specifically to a temperature between 50°C and 70 °C. By heating the
25 insulative material in the insulative material dispenser, it is easier to dispense the

insulative material.

As provided above, the insulative material preferably includes a filler
material including insulative particles. For example, the filler material may be
assembled from combinations of silica with size distributions determined based on

30 various criteria. For example, the size distribution may be based on the following
objectives: (1) to carry small silica particles into the narrow space between adjacent
bonding wires, thereby driving the bonding wires apart; (2) tc force the silica (e.g., by
a capillary force) to provide a relatively high level of electrical isolation between
adjacent bonding wires; (3) to fix the silica and the remainder of the insulative material

35 (e.g., polymer) in place to stabilize the bonding wires, thereby sustaining the

electrically insulative capabilities of the insulative material; (4) to minimally interfere
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silica par e nar pace between’a
after wirebonding using an automatlc dispensing machlne), and the curing/gelling is

20 performed by application of heat and at least one of radiant energy exposure (e.g.,
ultraviolet, visible, or infrared), or by a thermal batch process. For example, the
thermal process used to cure the insulative material may include: (1) a ramp in

temperature; (2) a soaking period; and (3) a ramp down in temperature.

The dispensing means for heating and dispensing the insulative material
25 (including the insulative particles) may be provided as a new subsystem added to an
existing wirebonding device, or may be provided as a stand alone system.

Through the various embodiments of the present invention disclosed
herein, the following benefits are achieved: (1) the insulative particles allow the
insulative material to fill in between the bonding wires (which is particularly valuable in

30 a semiconductor device that utilizes ultra fine pitch wirebonding); {2) a semiconductor
device requiring substantially less volume of a potentially higher cost encapsulating
material is provided, as opposed to a semiconductor device where the entire package is
molded with the same material; and (3) a relatively low cost conventional molding
compound or glob top encapsulation material (and associated equipment) may be used

35 to overmold the package.
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20 a ring or rectangular shaped insulative material around or about a semiconductor
element included in the semiconductor device, it is not limited thereto. The insulative
material may be provided in a number or configurations (e.g., a linear bridge of

insulating material), so long as the conductors are stabilized to reduce wire sweep.

Further, the insulative compound may be applied in a substantially
25 circumferential shape about an inner element of the semiconductor device. The
substantially circumferential shape may be any of a number of geometric shapes such
as a ring, a circle, an oval, a square or a rectangle. Further still, because the geometric
shape is substantially circumferential, it does not necessarily completely surround the

inner element of the semiconductor device.

30 Although the present invention has been described primarily in relation to
an insulative material being a polymer material such as an epoxy resin, it is not limited
thereto. Various alternative insulative materials may be utilized so long as the material
provides stability to conductors providing interconnection between elements of the

semiconductor device.



herein, the follow ng benefits are achieved: (1) the insulative particles
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20 a ring or rectangul ar shaped insul ative material around or about a

sem conductor elenment included in the sem conductor device, it is not
limted thereto. The insulative naterial may be provided in a nunber or
configurations (e.g., a linear bridge of insulating material), so long as
the conductors are stabilized to reduce wre sweep. Further, the insulative
conpound may be applied in a substantially



.25 circunferential shape about an inner elenent of the sem conductor device.
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devi ce. 30 Although the present i nventi8h has been descri bed primarily in
relation to an insulative material being a polyner material such as an epoxy
resin, it is no ted thereto. Various alternative insulative materials
may be utlpwfédfgﬁegong as the materi al provides stability to conductors
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across on a portion “of at least two of the plurality of conductors per

layer, the plurality of ﬁ%”ﬂ@&mtoﬂro? C%qvfuqﬂh@gcb@bﬁglﬁgmﬁ'@ggelp% BRhYBRD

elenents in the nulti-tier wre sem conduct of devi ce; and
encapsul dPfHativehdatsizbatienihe Qi’rﬁ’d/"éﬂ 8i%8nt s, thereby packagi ng the

sem conduct or devi ce. . ] ) )
3. The method of claim 2 wherein the curing step includes at least

one of heating the insulative material and exposing the insulative material to UV

radiation.

4, The method of claim 1 wherein the applying step includes
applying an insulative compound comprising spherical silica particles to the portion of a

plurality of conductors.

5. The method of claim 4 wherein the insulative compound is applied
in a substantially circumferential manner about the at least one the semiconductor

element.

6. The method of claim 4 wherein the insulative compound is applied
in at least two geometric shape structures, each of the geometric shape structures
substantially surrounding the at least one the semiconductor element in a

circumferential manner.

7. The method of claim 1 wherein the applying step includes
applying the insulative material to at least a portion of the at least one semiconductor

element in addition to the portion of the plurality of conductors.

8. The method of claim 1 wherein the applying step includes
applying the insulative material to at least a portion of the carrier in addition to the

portion of the plurality of conductors.



2. The nethod of claim1 further conprising the step of curing the

i nsul ati V&STh®&FFal after the applying step. 3. The method of claim2 wherein
the curing step includes at |east one of heating the insulative naterial and
exposing the insulative material to UV radiation. 4. The nethod of claim1l
wherein the applying step includes applying an insulative conpound
conprising spherical silica particles to the portion of a plurality of
conductors. 5. The nethod of claim4 mherein the insulative conpound is

applied in a substantially cir ere manner bout the at | east one the
sem conductor el erent . %_é’e"?ﬁ Oﬁré’?fﬁ W "Frﬁlr}ﬁ Z‘P AePHRYR Ul ati ve

conpound applyivrptheaedsulativeainaterias in dleagiaomadistirct strape red aroatdbgeripaaah of t he

georret 11 ¢, hape. SLNGLUL 3 v3UDSH BBV SHEROYATLNG LG RL, |38Ingane the

seni conddiét o claim1l
wher ein tdoetmpptllttmqng empe‘pﬁn ncl udes applying the insulative material to at

| east a portion of the at | east one sem conductor elenent in addition to the
portion of the plurldityA sgmicepdusterodayicegompiisingst hod of claim 1 wherein the
appl ying step includes applying the insulative material to at |least a
portion of the carrd BErAlEY QUERTICOMUE UMY tion of the plurality of
conductors. K&S-158SG -19- 9. The nethod of claim 1l wherein the applying step
incl udes appl yi ng & Prality af sandystorspepnggd inp mwultrle Sier eqpfioyrationnct

st ruct ur gFodlRdNAtefcPRELtITEbEveePOIid plaRalRy of BemRbnd @RSt elementsh@angem conduct or
el enent, the two structures not being in contact with one another. 10. A
sem conduct or devi G iasuptives magerial appliad adrodsyorof aammﬁimnﬁatdémt teberfieind s; a

Plural |ty e AKIURHLSARCRIAR (0 B hlBbE der. configuration provi ding

i ntercon ectl n be conduct or elenents; and an

i nsul ative mater| alllapplvh%dse%fmc@pldgvﬁe BPEHrRrio%rtﬁEr &d‘ﬁfi‘ﬁ]isur‘i of the

plurality of conductors in at [east tiers of Iple tiers. '11 The
senm condRfcapsuRtiancaygfencpaiating theuearestosoapd ?'@M?@t%f?r packaging the

semiconducter device.

12. The semiconductor device of claim 10 wherein the plurality of
semiconductor elements includes at least one semiconductor die having a plurality of
first contacts, and a lead frame having a plurality of second contacts, the plurality of
conductors providing interconnection between the plurality of first contacts and the

plurality of second contacts.

13. The semiconductor device of claim 12 wherein the insulative
material is disposed across the portion of the at least two of the plurality of conductors

adjacent the semiconductor die.

14. The semiconductor device of claim 12 wherein the insulative
material is disposed across the portion of the at least two of the plurality of conductors

approximately midway between the semiconductor die and the leadframe.

15. The semiconductor device of claim 10 wherein the insulative

material is a curable insulative material.,

16. The semiconductor device of claim 10 wherein the insulative

material has a bead or bead-like form.

17. The semiconductor device of claim 10 wherein the insulative
material is at least one of a heat induced curable insulative material and a UV radiation

curable insulative material.

18. The semiconductor device of claim 10 wherein the insulative

material is comprised of a plurality of spherical silica particles.



-encapsul ati on_| ayer encapul ating the conductors and el ements for packagi ng

t he senﬂ@ﬁﬁéﬁ%%%r device. 12. The semi conductor device of claim10 wherein
the plurality of sem conductor elenents includes at |east one sem conductor
die having a plurality of first contacts, and a |l ead franme having a
plurality of second contacts, the pluraljty of conductors providing

i nterconnection between the plurality of first contacts and the plurality of
second contacts. 13. The sem conductor device of claim 12 wherein the

insulative material,is disposed across the_portian of 1 at | east two of
the plurality of comduct sspe"?g{ﬂ?rhdgjégﬁr dtseﬁ'é‘?% a%ﬁ@d&?%?'"&l%g.m JatVEL e
sem condurti@riatis\appbedéravingianpekp heted pertiont dfean inseat elemeet ofteer i al 1s di sposed

across t i the at least two of the plurality of conductors
appr oxi ma gﬁggntﬁ';ug@é%gggv\een t he sem conductor die and the | eadfrane. 15. The

sen conduct or devi cg of ﬁJeaée'Fﬁié&nd#%&fr%’eOi_cE%?ciaﬂﬁti'o%ﬁéfr_@in t'ﬁ@}il%dlﬁhvei s a

curable insulative material. 16. e sem conductor device of claim 10 wherein
t he i nsulagierial ispteast Avo Higsingt Bibgtpngially slemierentiab pifpctyres arRendani conduct or

devi ce ofpetipAkral pOrtinedreinninhé&eelbMert ot thé@emi@nglL iRl dbdicatthkerstab@ref a heat
i nduced curable Iinsulative material and a UV radiation curable insulative

mat eri al ."EPEINBHA OBIACE HHARERHKi ce of claim 10 wherein the insul ative

terial i i sed of I | jt f herjcal, sili i cles. K&S-158SG
I T R e R
mat eri al atdeagdpb eitstiacosutstantiady icphentererpa strotuods amtacimepodii@nefitheof t he
Sem Condlﬁghé’rr n%grgnghf:?nc{/épa tsl{b&ggﬁgé‘f%é’%?[e%ét ﬁ&vb%ﬁn&fsu%ﬁ%hﬂ%lﬁp wherein the

insulativ ria a wo di stinct substantially circunferential
st ruct ur edreamdengatial stpstyrph eentbcts @ rartian of a garriensepretiegdng inser gleanent.

sem conductor device, the two structures not being in contact wth one
another. 21. The sefd-corfimatnd eferackesias actemiperatycignaiexicn inguding pk ©estone of

the at |@asSdentivéhddictdrienGhertlBehaltl] add ¥ phirb Ry rdrebRMIdiéYs i8S brHGititti@ed cont act s
a portion of the inner elenment and/or a second one of the at |east two
di sti nct %lggyré'lﬁlppartp\g;dmg interconnection between the at |least one semiconductor

element and the carrier, the method comprising the steps of:

applying an insulative material across only a portion of at least two of the
plurality of conductors per layer, the insulative material comprising insulative particles
having a diameter smaller than a gap between adjacent ones of the conductors,
thereby reducing the potential for short circuiting between the adjacent conductors;

and
curing the insulative material.

23. The method of claim 22 wherein the applying step includes

applying the insulative material including silica particles and a polymer resin.

24. The method of claim 22 wherein the curing step includes exposing

the insulative materiai to at least one of ultraviolet, visible, and infrared radiaticn.

25. The method of claim 22 wherein the curing step includes heating
the insulative material and exposing the insulative material to at least one of

ultraviolet, visible, and infrared radiation.

26, The method of claim 22 wherein the curing step includes applying
a thermal process to the insulative material including a ramp up in temperature, a soak

in temperature, and a ramp down in temperature.

27. The method of claim 22 wherein the applying step includes
applying the insulative material to the device wherein the insulative particles occupy

between 50 and 85 percent of the volume of the insulative material.



-circunferential structures contacts a portion of a carrier supporting the

i nner el é¥Ni>8F2. A nmethod of packagi ng a sem conductor device including at

| east one seniconductor elenment, a carrier, and a plurality of conductors in
a nmulti-tiered configuration providing interconnection between the at | east
one sem conductor elenment and the carrjer, the nethod conprising the steps
of: applying an insulative material acrvss only a portion of at |east two of
the plurality of conductors per layer, the insulative material conprising

i nsul ative particl hayi n [ ter._snmaller than a bet ween adj acent
ones of the conduct®rs, aﬁ‘ﬁéﬂ%@&‘?grogg@bmr?& ‘?’rheéeﬁotpgrﬁpipmmgfg%gpérh%%sci rcuiting
bet ween tdpplyardj theansulstdvedmateriad to thendeviaer wingretnhtbelinsuatite peetichas baveah. 23. The

met hod ofmg}iﬁ‘ium A Vg@g'r i ﬁnh;‘?‘o plying step includes applying the
i nsul ative naterialanel u Ing SilTica particles and a polyner resin. 24. The

met hod of clai m 22 jherei | of Wl fztze\‘?hérgﬁ.: gggggﬁﬁ)ﬁlgbg%ifggnd&&g i nsul ative

material to at |east one of ultraviolet, Vvisrt . ) ared radiation. 25.
The net happbingthe insulativiheatgripl thEhecdgvigegvigrein thedneitietévenragticlag hayvse

i nsul at i RedrBh GlantHte 280 pp¢ Py UNeniiissd. at i ve material to at |east one of
ultraviolet, visible, and infrared radi ation. 26. The nethod of claim 22

wherein the curing i ep THaGhegea oRRRIMI220vhéein@enphlyMPdses Sndiidshe

insulative material including a.r up in tenperature, a soak .in

tenper at (PRI g BednsUREV & BRFETN 1 b ereBhthe ikl pRGRRITGRS BRYE fn 22

wher ei n trhearapipheterprsipppoximatelides mapgisyi ng the insul ative nmaterial to the
device wherein the insulative particles occupy between 50 and 85 percent of
the vol ume of the iFisul atheveetmatier ickim 2R&FErBBSGraigh th@.apPhyingrstehobe of ¢l ai m

22 mereiiﬂs%l\ﬁ\:?veaw{iylhg'gisﬁgr% Heﬂﬁé&ﬂioﬁ??ég{?g'g! BEHBnllSH At hEpyrat erial 1o

t he device erein the rnsulative p ave a nmaxl mum di ameter of 20
m crons. Providingdnsitated $epdratipaibgivesenihe rdiasenhenespiithe agndickqssi ncl udes
applying the insulative material to the device wherein the insulative
particles have a nEdi an''gi BRBPE ! sRIMFASG HEHREERTDIUNG the $tep 9§ hedting thee

met hod  ofsefdi@inudidr WRiLE kda tB@ paRBling dlHebi@m sMehdIdeSoC BErBle/ NG bpReng
i nsul at i vs%egmterl al to the device wherein the insulative particles have a

33. The method of claim 22 further comprising the step of heating the
semiconductor device to a temperature of between 80 and 100°C before the applying

step.

34. The method of claim 22 further comprising the step of heating the

insulative material to a temperature between 35 and 85 °C before the applying step.

35. The method of claim 22 further comprising the step of heating the

insulative material to a temperature between 50 and 70 °C before the applying step.

36. The method of claim 22 further comprising the step of

encapsulating the semiconductor device.

37. The method of claim 36 wherein the encapsulating step includes

encapsulating the semiconductor device with an overmold encapsulant.

38. The method of claim 36 wherein the encapsulating step includes

encapsulating the semiconductor device with a globtop encapsulant.

39. The method of claim 22 wherein the applying step includes
applying the insulative material to at least a portion of the at least one semiconductor

element in addition to the portion of the plurality of conductors.



~mean di aneter of approximately 4.1 mcrons. 31. The nethod of claim 22
wher ei n t¥Sobe#c% he applying step the insulative particles disperse between
adj acent ones of the conductors, thereby providing insulated separation

bet ween the adj acent ones of the conductors. 32. The nethod of claim 22
further conprising the step of heating fhe sem conductor device to a
tenperature of between 50 and 125C befdre the applying step. 33. The net hod
of claim22 further conprising the step of heating the sem conductor device

to a tenperature of, between 8 n 00C_before the applying. step. 34. The
met hod of claim22%urth Tﬁ%aiogf‘%ﬁntgﬁew'ﬁrgﬁ' %‘F ngfq%ﬁtegﬁ’éau‘f%sul ative
mat eri al dpplydnd dhwepeswdbtivemaedrist én aBkastnag p8%ic6 dichocarichen apptign hgthet ep. 35.

The nmeth i Jourt rising the step of heating the insulative
mat eri al Oq%é@%n &et??ﬁggrlé't%“{rye&bééﬁé\%%gggo and 70 C before the applying step. 36.

The net hod of claim22 f ﬁgﬁ;ﬂ:' i : p of encapsulating the
sem conduct or devi crﬂe1 3‘/%jgélrﬂ§5?ret odd%#&%oﬁbﬁ{syggMerei n the encapsul ating
step includes encaaqqégsgghgge?%nagmpg@%%.or device with an overnold
encapsul ant. 38. The nmethod of claim 36 wher'ein the encapsul ati ng step

i ncludes encapsul & (et R sEEFBrERY IE bhOTeaStedHCRMIES Y LR lepdh&ft; encapsul ant .
39. The nethod of claim22 wherein the applying step includes applying the

insul ative materiala plardity beasiduatopbirbRdeddhn 4 Fetaile tieasdnfRfatimni conduct or
element in addition to the rtion of th | ural.ity, of conductor K&S- 158SG
T 52 40 PRYld g RSP RO P e ST e PuleAS T SERHFSTNGI L SRS ANIBE  appl yi ng
t he i nsulatiiareamaterial to at |least a portion of the carrier in addition to
the portion of the plurality of conductors. 41. A sem conductor device
conprising: at | eastinewetisematenadgenerisioh émpidtivespacticles bavihgra dampeterti ng t he

at 1east P 6il-condLRkacBhERTR 2B tRhEA! bl OnGNAISAEY aged [0 2

multiple tier configuration rovi I nt erconnecti on tween the at | east
one seni cORduEPEs the BaeiRtivemptend appbed papss ey a portion of at least two of the

plurality of conductors in at least two tiers of the multiple tiers for reducing a potential

for short circuiting between adjacent ones of the plurality of conductors.

42. The semiconductor device of claim 41 wherein the insulative

material includes a polymer resin, and the insulative particles are silica particles.

43. The semiconductor device of claim 41 wherein the insulative
material is at least partially cured by at least one of ultraviolet, visible, and infrared

radiation.

44, The semiconductor device of claim 41 wherein the insulative

particles occupy between 50 and 85 percent of the volume of the insulative material.

45, The semiconductor device of claim 41 wherein the insulative

particles have a maximum diameter of 20 microns.

46. The semiconductor device of claim 41 wherein the insulative

particles have a median diameter of approximately 4.5 microns,

47. The semiconductor device of claim 41 wherein the insulative

particles have a mean diameter of approximately 4.1 microns.

48, The semiconductor device of claim 41 wherein the insulative
particles provide insulated separation between at least two of the plurality of

conductors.

49, The semiconductor device of claim 41 further comprising an
encapsulation layer encapsulating the at least one semiconductor element, the carrier,

the plurality of conductors, and the insulative material.



an .Jdnsulative material conprising insulative particles having a dianeter
smal | er t4¥%nl28%fesired predeternm ned gap between adjacent ones of the
plurality of conductors, the insulative material applied across only a
portion of at |east two of the plurality of conductors in at |least two tiers
of the multiple tiers for reducing a pg%fntlal for short circuiting between
adj acent ones of the plurality of cond ors. 42. The sem conductor devi ce of
claim4l wherein the insulative material includes a polyner resin, and the

i nsul ative parti cl ar e, s lica ﬁﬁrglg es, fﬁ3" gge,§eniﬁﬁnductor gevice of
claim 41l wherein the"i nsufeaf*fep\/%on £19F dgyics gf deim dadheralp e FIGPreHPEa by at

| east ondaydr indlddem\anobvetrmold endapsylatnd i nfrared radiation. 44. The

sem conductor device of claim4l wherein the insulative particles occupy

bet ween 50 and 85 pdr cerfthegkmitmmdudiondeviod of ¢leinh AS whetr¢indherabeanisalation45. The

sem cond QhindS¥H<CEq18Etch! Y erein the insulative particles have a
naxinunlg?EHg%er of %8 nﬁc Sﬁ? . The seni conductor device of claim41

wherein the insul atgyve Tm%rsfehﬁécﬁﬁuﬁ%\/%eﬁc@’ﬁﬂtléﬁn dbfmRi&h akh 8PRoxi mately 4.5
m crons. 47. The sem conductor device of claim4l wherein the insulative

parti cl e?#ale of crdurtenshinve & lenathasdeasti2satenss areaterithanpdiameter ghihe

sem condygipctitevd cesr. cl aim 41 wherein the insulative particles provide

i nsul ated separation between at |least two of the plurality of conductors.

49. The sem conductor device of claim4l further conprising an encapsul ation
| ayer encapsul ating the at | east one sem conductor elenent, the carrier, the
plurality of conductors, and the insulative material. K&S-158SG -23- 50. The
sem conduct or device of claim49 wherein the encapsul ation [|ayer includes an
overnol d encapsul ant. 51. The sem conduct or device of claim49 wherein the
encapsul ation layer includes a gl obtop encapsul ant. 52. The sem conduct or
device of claim49 wherein each of the plurality of conductors have a | ength
at least 250 tinmes greater than a dianmeter of the respective conductor.





