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BACKGROUND OF THE INVENTION

15 In the fabrication of semiconductor devices, conductors {e.g., bending
wires) are often utilized to provide interconnection between elements of the
semiconductor device. For example, Figure 1 illustrates a portion of conventional
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., a mold compound) is

‘k—\ F provided over bonding wire 106, semiconductor element 104, and leadframe
contact 102a. In the configuration illustrated in Figure 1, & 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.g.,
0 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

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



- bondi ng vmé{gs 106 to break, thus, causing an open circuit. K&S-1585G - 2-

Figure 2 K&PUSEPSt es a conventional seni conductor device 200 incl udi ng an

encapsul 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 | eadfranme contact 102a. .l n other respects, the elenents
illustrated in Figure 2 are very s similar to those illustrated and

descri bed above with respect to Figure 1. Figure 3 is a perspective view of

a conventional sem condu tPr device 100, simlar to thg devi _im strated
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fabricating sem conduct or VI Ces. THE T NVENTI ON
semiconductor element 104 in the illustration of Figure 4.

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 resuit 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

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



To overcogg B&%Sgsficiencies of the prior art, in an exenplary enbodinent
of the pr a3 ention, a nethod of packaging a nulti-tier wire bonded

sem conductor device is provided. The nethod includes applying an insulative
material across only a portion of at least two of a plurality of conductors
per layer providing 35 interconnection bgetween elenents in the multi-tier
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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 oniy
a portion of at least two of the plurality of conductors in at {east two tiers of the

mulitiple tiers.

( These and other aspects will become apparent from the detailed
description provided below.

25 BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. It is emphasized that,
according to comman 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;



when 'r ead %$ gﬁnnectl on with the acconpanying drawing. It is enphasized

t hat, act®rdi 6 to conmmon practice, the various features of the drawing are
not to scal e. the contrary, the dinmensions 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

i nt erconnection between sem conductor elenents in a prior art sem conductor
device; Figure 2 is a cut avvay si de vi ew of an encapsul ated interconnection
bet ween semi conduct i a pri SR Gan nduct or devi vice,
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presant idReaHlar9Embddimest & the presaint irdaaowi ew of conductors separated by an
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Figure 8 is a perspective view of an interconnection between

15 semiconductor elements in a semiconductor device in accardance 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 insulative 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;



| nventi on; égtsglﬁgure 12 is a flow diagramillustrating a nmethod of packagi ng
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present i nvention; Figure 13Ais a cut away side view of an interconnection
bet ween sem conductor elements in a nulti-tier wire bonded sem conduct or
device in 30 accordance with an exenpl ary._ enbodi nent of the present
invention; Figure 13Bis a top plan view of the device illustrated in Figure
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refers t ﬁ %ﬁaf'l on 81;' 5 LB ot €P8r° ew% Phcl udi ng substrates, dies,
chips, |eadframes, \eqdld Aleiconl e%ssen%&nqL%gor%ﬁ:@aryayes ALY the
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15 package), PBGA (i.e., plast|c baii grid array), BOC (board on chip), COB (i.e., chip on

board), CABGA (chip array ball grid array), and discrete devices (i.e., non-packaged

devices, may be more than one device on one board). Further, the term semiconductor
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.g., 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
20 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.g., 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.
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Figure 5 i] Si sem conduct or device 500 in
accordanc%on\%nu? “ieﬁ‘g hs' ?"%{r%}‘a ﬁéﬁpgﬁgﬁﬁe present invention.

Sem conduct or Figure 5 jllustrates 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 efement 504 (e.q., a die) mounted on leadframe
502. For exampie, semiconducter element 504 may be mounted to ieadframe 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 efement 504 than at leadframe

30 contacts 502a. Aiternatively, insulative material 512 may be positioned 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,
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insulativ Figure 6
is a cut dwading \Mlee&/5%ﬁm dewsesri mﬂmmrm{ t@lmutﬁélveooatembﬁbz, figureentleonduct or

devi ce 60Qjstratédlink@atil@ nidiErif &TUGRDAHES BErad8¥h6ther PErtdr &r3dmaiRd i n
20 wires 506. Insulative material 514 may be provided in a similar configuration to
insulative material 512 (e.g., 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 inciuding 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 pottion 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, insulative material 712 Is 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 860 similar to the
device illustrated in Figure 7. In addition to the ring shaped insulative material 712



Fi gure 5. ] t he exenpl ary enbodi nent of the present invention
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illustrat gure 5, Figure 6 illustrates insulative material 512
provi ded across a portion of bonding wires 506. However, in additional to
insulative material 512, Figure 6 also illustrates insulative material 514

provi ded across anot her portion of bono[iglg 20 wires 506. Insulative material
514 may be provided in a simlar configuration to insulative material 512
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insulative beads are smaller than the distance between adjacent bonding 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. Acceording 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 um 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 semiconductor devices according to the methods described
herein, conductor density within a semiconductor device may be increased, desirably

35 resulting in a semiconductor device of decreased size.



Figure 9 %% §15ﬁ E away vi ew of bonding wires 906a, 906b, and 906c. For
exanpl e, R 5 W res 906a, 906b, and 906c provide interconnection between
a sem conductor element (not shown in Figure 9) and | eadfranme contacts (not
shown in Figure 9) in a sem conductor device. Insulative material 912 is
provided across a is portion of bondinggures 906a, 906b, and 906c. In the
exenpl ary enbodi nent of the present invention illustrated in Figure 9,

i nsul ative materi al 912 i ncludes insulative beads. The insulative beads may

be of 2 variety o SLELSRANL BEReor ARHRRAUSEUIRCNAYI AL LXen bRgds ore

smal l er than the di s ance adj aceén
bondi ng wiheeprogtd Imt@o@&)yhattbleeauaasqmtm inchusisraefdhdiinpdative mnte@ahaq:rgsﬂ m on

20 bet weeg, adj, a8t b agﬂm Rerett i eFrh@lB?Q%aB&ﬂéﬁ‘l&'l AGLETIEETth SaBkybly and

i nsul ati on between acent bon W T es. gure | ustrate di st ance
“dl " repréedavicggnay é@ﬁ?%ﬁ’fﬂ{cée%@fn@ !ﬁss euP@tsa\fecr@atquaéand pracens (9e¢ Wedéh bondi ng

W res 906@p@%c%%tloﬁ‘€stéﬁbsed: t@*g:@o %pdiﬁd"‘)‘%ﬁ!’:ﬂs@%hé el dofenot

represent| ng a spaci ng} between bonding wires 906a and 25 906b. Accordi ng to
an exenpl BFSETOBPHE S%P"'F%éhep%%'ﬁﬂ Wi'§§ention, the insulative material

may be applied to ultrafi itch b wi red sem conduct or, devi ces. For
exanpl e, di stance dff§ Heic{%dﬂgﬁd?ﬂem Hﬂaa%‘@ DB MHIFeS 3Fesuinghiyarjoyss

and gi st am:eplalr& diib&diglants dfame (Deesé&ylrbenﬂ@phmyl beadre) of al bumibeo6f t|y136§of By
provi di ng tl ter nsul at v ea S

Pher ei n) neyBges Beadss 18 eSaible, s deadmbh pevpradicet R oP F aliRa AP ERE TG vi v e
st abitbi t ythefinsuiatiye lessistmaynbe nf vaningdy pbe hadpg vaeting sized amdishapespi t ch

bondi ng wi red sem conductor devices with small values for distances dl1 and
d2 By fabricating Elm&nreghauemmtedémfctre@ peaseny divantieromaldngiedeaadinidescri bed

érein, \ﬂ%@&lﬁg Itrqeﬂﬁalttclﬁré’ﬂlé biiBa.2F§ Quﬁte%sﬂ?tw(fge nmay be increased,

deS| rabl y In a semcon uctor device o creased si ze.

K&S- 158S@vith siliag aééd‘i’ﬁ'@'@ﬁrﬁ%ﬁrc?j‘éﬁ@# betwsen 243 ®at i ng seni conduct or devi ces
according to the present invention is that because of the inclusion of the
i nsul ative mat eri al Figereokdis bporharbifughiratinkanbsxempgrupedisle sixkli-e.,

over npl d/ ﬁlﬁa@wead.matmastmaltmaﬂdwb@.ﬁnﬁaaﬁe& fl&s (ERe, siev) Gééd”ﬁ)énbe
constructed of a SS exg sive materla} and ocess
n'@S Ctl’

ncapsul AEPYRE T GEET B hadS A5 B iy g T RESE Sk e EaienbSealen UBRs not
necessar i thg gxeehldrg dsdtabutiorz Buttiratedon diguge WOy . silica 2 particle size 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 iess 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 iess

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

15 microns, 7.03% are less than 0.5 microns and greater than 0.45 microns, 9.13% are
tess than 0.45 microns and greater than 0.4 microns, 12.83% are less than 0.4 microns



The beads,§, gggd in the insulative material utilized according to various
exenplary enbo inments of the present invention may be any of a nunber of
types of insulative beads. For exanple, the beads may be constructed of a
silica filler. Further, 10 the insulative beads nay be of varying types
havi ng varying sizes and shapes. The insglative material of the present
invention may include a high viscosity, ultraviolet curable silica. For
exanple, the insulative i with silica at a wei ght percentage between 50-85%
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| ess than 0.4 m cr origurkISAlIHBSGates B0-ub pday skt \dew tofi semBoB8ugtpcdenies 13X 43%

are | ess jhhap, QaRR Witk aRexeMpthrd i mEMAE the present invention, and Figure 138
20 is a top view thereof. Semiconductor 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 semiconductor device 1300, for example, feadframe 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
haterial 1312 may be applied in a rectanguiar, 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,



0.3 'm cropg -135%5‘%% are less than 0.3 mcrons and greater than 0.25 m-crons,
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1306, as ggsthbetsihd irRuflt\i8 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 potymer 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



35 devi Cerq, é(%?sgéBSG - 11 It is also contenplated to have nore than one
di sposition insulative material on a single sem conductor device at
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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.g., 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.



As providﬁg §§@§§5 i nsul ative beads (e.g., silica particles) or varying
types and P y be mxed in an insulative material according to certain
exenplary enbodi ments of the present invention. For exanple, the silica 1
distribution of particles may be mixed with the silica 2 distribution of
particles. In one enbodiment, 35 10 partg _of the silica 1 distribution of
particles is mxed with 3 parts of the type silica 2 K&S-158SG -12-
distribution of particles. A bar chart iIIustrating the Si 02 particle si ze
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It has been found that the application of an insulative material according

to the present i nvemmﬂoegh itiSe Qﬁduscéﬂea{dldrymddhméﬁtsmﬁﬂ@éﬁlHﬁ@elb,Oﬂhdl ng wres
e S R R AR B AT NS R O A G 80 S, 217 70
wher e t hebdretigy wirks, ardi witke bdrighatdensiny of 1Ye dopngersinspansihallenpadesitdhs heeat er
than 250. yitL_-fa ()qu:% aS'iEIII]IiCOI'ldUCtOI' devices is also increased, particularly with respect to post-
20 bond substrate handling, overmolding, and globtop encapsulation. The yield of the
semiconductor devices is increased by preventing shorts of fine pitch, smail diameter
wirebonded semiconductor devices through the application of the insulative materiai
including a combination of small and intermediate size insulative patticles {(e.g.,
( spherical silica particles) to the device for dispersion and distribution between adjacent
25 honding wires, and subsequently curing/gelling the insulative material {(e.g., on the
wirebonder) using heat, exposure to radiation (ultravioclet, 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
uitraviolet 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 uitraviolet, visible, and infrared radiation. According to yet



enbodlnenkQS]%%g process includes dispensing the insulative mterial (e.g
whi |l e the sen1conductor device is still on the w rebondi ng nachi ne), and
thereafter a period of tine is provided for the material to flow The flow
time can be, for exanple, fromtwo 30 to 50 seconds (and nore specifically
between 7 and 25 seconds) depending on_sgveral conditions such as size of
the sem conductor device, tenperature of the sem conductor device,
tenperature of the insulative material during dispensing, and the density of
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present invention nmay provi d"R}vE rH:i( ed sem cogguctor Vi cea | onger
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i r ebondegl, S APIHGOlor 4eKvthe UHAHY N HArBRREREST 0N Of the insulative

mat e
20 Before application of the insulative material, the semiconductor device is

preferably heated, for example, to a temperature between 50°C and 125°C, and more
specifically to a temperature between 80°C and 100°C. Further, the insulative material
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) to 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 materiai

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



|nclud|ng Q%qggg gEnation of small and internediate size insulative particles
(e.q. erical silica particles) to the device for dispersion and
distributlon bet ween adj acent 25 bonding wires, and subsequently
curing/gelling the insulative material (e.g., on the wrebonder) using
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i n any ofseaioentuetorakvices pethe saree whmboadiagmpearatiee | nsul ati ve rrat erial may
be applied froma | eadfrane 15 contact towards an i nner sem conduct or
el enent of the seniAvpuitiedrabdes, the ifaiiative matediapncafistianhés anpdied, t he
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after wirebonding using an automatlc d:spensmg rnachlne) 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 exampie, 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.



sem condulgélgr gewi ce. Yet another alternative would be to apply the

i nsul ati ve ]terl al fromdirectly above (or below) the bonding wres

t hensel ves. 20 Before application of the insulative material, the

sem conductor device is preferably heated, for exanple, to a tenperature
between 50C and 125C, and nore specifigglly to a tenperature between 80C
and 100C. Further, the insulative material dispenser is also preferably
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device is recelving I'nsu e material fromthe insulating nateri al
Although the present invention has been described primarily in relation to
20 a ring or rectangular shaped insulative material around or about a semiconductor
element inciuded in the semiconductor device, it is not limited thereto. The insulative
material may be provided in a number or configurations (e.qg., a linear bridge of

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

Paa

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 insuilative 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.



dispenserKéﬁqgsggbsequently bei ng cured/gelled), a second sem conduct or
device is el ng W rebonded. Such operations (i.e., application of
insulative material, and 15 curing/gelling of the insulative material) nmay
be applied to both the first and second sem conductor devices on the sane
W rebondi ng apparatus. As provided abovey -the insulative

mat eri al / encapsul ant is applied imrediately after w rebondi ng (or al nost

i mredi ately after, or as soon as practical after w rebonding using an

automati c di spensi ng, SREHIiRRhts 8 felhEsent fyRALSR HdHInd fsdRtE phrid@dn by
application of heat and at |east one of radiant energy exposure e.g%é

ul travi ol ®€,ingyiativy watesial,the PaFtidlss haye hapn deseriradaprirarilyHn selgtir ko si
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include: (1), ara i.n tenperature; (2) .a soakin eriod; and (3) a ranp
down 1 t s PG PE vt GBS U e ke St OF 4 R Parti s SBASPRIget o

i nsul at i vieetwate adfcentZonduaorupionilindidterasaHeatibiy ®etdddn alb@antsnalithde provi ded
as a neM/subsggieE1§%$ed to an existing wrebonding device, or may be

provi ded HEECHENT GV6fie system Through the various enbodi nents of the
present invention dj i t fal lL.owi.ng b i e, achi eved:

(1) the insulative iﬁiﬂl :%%Fag’g rg;ﬁ?qrtgev@?%eomﬁ?rn@ﬁ%@%\%%sncgﬁ :Jre’l rlj';?d?éo ¥hlae| | in

bet ween tiHusthanedientpodiments (Wikliowh degarpag fioguther $oppe af thiblineventio®0wlich is

sem condughataidf\ddified fitthd diddnaes ciid.a T1ne piteh wirebonding): (2) a

sem conductor evice requiring substantially |less volune of a potentially
hi gher cost encapsulating nmaterial is provided, as opposed to a

sem conduct or device where the entire package is nolded with the sane
matlerial; and (3) a relatively |ow cost conventional nolding conpound or
gl ob top encapsul ation material (and associ ated equi pnment) nmay be used 3s
to overnold the package. K&S-158SG - 16 The application systens used to
facilitate the various enbodi nents of the present invention nay be designed
to ensure that the packagi ng process does not suffer a reduction in
productivity by the inclusion of the application of the insulative

material. For exanple, through the use of software controls and sensor
fusion, the 5 systemcan integrate the functions of dispensing and curing
the insulative material while concurrently perform ng w rebondi ng
operations. Further, after application of the insulative material, as the
packagi ng process continues (e,g., through resin transfer nolding, glob top
encapsul ation, etc.), the fine bonding wires are protected from



notion that have resulted in short-circuiting of adjacent bonding wres.
This is at least 10 partially due to the rapid flow of the insulative
material (e.g., nolding conpound or encapsulant). Figure 12 is a flow
diagramillustrating a nethod of packadBng a semiconductor device. At step
1202, an insulative material is applied across only a portion of at |east
two of a plurality of conductors providing interconnection between 1s

el ement s Wint i €lafgsd: conduct or device. At step 1204, the conductors and

sem conductor el enents are encapsul ated, thereby packaging the sem conduct or
devi ce. At optionall- st ep methed of peckaging lasemicondacter deyice;igclpdingdt ehstone t he

appl yi ng d before the enc ul ating sten. Al tho . the present

i nventi oi rhlggn%uggoﬁ C_Pérée i ao(_:eagmffr ?@fﬁlwﬁé)ﬁog@ngpﬁfm 78 mégngr‘_’r ng or
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el ement included in the sem conductor device, it is not [imted thereto. The

i nsul at i ved thegemier.dhe mejhadecoprnsisingdbe stepsecfhunber or configurations (e.g., a
| i near bridge of insulati terial on .1he conductors ar
stabilized to redudNmgat is]e\%étg%ee"ﬁ%d??%%“r‘f?’g?'%té"‘iqﬁg%{'%ﬁt%C%’/"esgcﬁ’Bf#pao%oﬁﬁo §atbe

appl i ed idasawsWishepiutadity ¥ coddubisgieniage id iabulahantateigdWoniisingner el ement
of the sem conductor device. The substanti al I{ circunferential shape nay be
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any of ainsulabize pyticlge baving p dixpgresmallgethan agap betwegn adjaggnt enes ofghe oval , a
square or [ I . r il . : ri pe 4 S

cubat ant RS, MR b0t Qb proBRE B b AR BIRICE SlenBARIR U g
the i nnefulgtiengitt bohdddentesmndaontdsias: agevi ce. 30 Al t hough the present

i nvention has been described primarily in relation to an insulative

mat erial being a pénsapelating Geicandustprhandelpmertpdhgreby sackaging thes not i ni t ed
thereto.Sggkhaaﬁu§k%g&gative insulative materials may be utilized so | ong as
the materia provides stability to conductors providing interconnection

bet ween el enents of the sem conductor device. K&S-158SG -17- |In enbodi ments
of the present invention including insulative particles in_the insulative
material, the part el es Thagmet cramck fusider grmprising the stepofcwtingihet o silica

particl e?ﬂsuﬁ%%%ﬁ?%eiriai er%%é‘%’giiﬁ%éébe not limted thereto. Various

alternative par es or be utilized in the insulative materi al
so long as the particles nmay di sperse 5 between adjacent conductors
provi di ng interconnection between elenents of  the, .

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 the insulative particles as 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 Ieast 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.



sem conductor device. It will be appreciated that other nodifications can be
made to the illustrated enbodi nents w thout departing fromthe scope of
this invention, which is separately defined in the appended clains. K -18-
What is Clainmed: 1. A nethod of packagi$g a sem conductor device including
at | east one sem conductor elenent, a carrier, and a plurality of
conductors in a nmulti-tiered configuration providing interconnection

bet ween the at | east one sem conductor elenent and the carrier, the nethod
conprising the steps of: applying at |east one bead of an insulative

mat eri al across onBy a fbe tiethodaff clim 1l welageinthwaplyinp steplinuledeis tapplging

conductor,s .per Jayer, .the insul ative terial .conpr.isin i nsul atj ve

parti cl e@eﬁ%}ﬁ%ﬂeé‘w&? q @rleashaprriony GITdCL AN BEY AR P g‘ﬁjpagé%?t‘%éllﬁ'es of the
conduct Of,@ra]ﬁlﬂgfwddﬁ@tb}st_y of conductors providing interconnection between
elements’ in the nulti-tier wire bonded sem conductor device; and

encapsul ati ng the conductors and el enents, thereby packagi ng the

sem conduct or devige. 2, The t hod.of claim1 further conprising the step
of curing the ins 1atiJgeH”&ffglﬁiﬂgl"ijaé‘?ltle‘?’f“etrﬁété‘biﬂ%}’(lﬂ%s pdpludgs applinget hod of

claim2 wagh&idive %t&’i!g gk 1848 Bvd BistiNd§Rudlires %ﬁ)’iﬁld‘a%_riplli’éralﬁ?cﬁ‘ﬁ&rpgf thb &t

insul ative material and exposing the insulative material to UV radiation. 4.

The net hiedsteme theaiemidongdnetoe elemieht thegploystmgtustselot being idemtapplithiong  an

i nsul ative conmpound conprising the insulative particles as spherical silica
particl e he portion of a plurality of conductors. 5. The method of
claim4 wherein the insulative conpound is applied in a substantially
circunferential manner about the at | east one the sem conductor elenent. 6.
The nethod of cl ai 9.4 wAenethnd pfipackaging atsemiEondunpondesidesnepging etleast onat

| east two geongtric, shape structure ch. of .the geonetric shape structures
subst ant Fﬂ‘%F?"rT%W F@H}?&Er‘f’gcafrﬁé’ gﬁﬂ@&?ﬁ%’o%éofﬂ‘é"tgré egﬁ.ﬁ{lj@(equ elenent in a
ci rcunt eE&ﬂT%u?dtioﬁ%?&ﬁ&ing {ntertBRndBRbA BEtwREn flea Madt WMeGERNHI&ARBIYANY St Ep
includes applying the Insulative material to at least a portion of the at
| east onencsibmicamieritbe methodeomprising theagieistafon to the portion of the plurality
of conductors. . . . . .
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.

11.  The method of claim 10 wherein the applying step includes applying

the insulative material including silica particles and a polymer resin.

12.  The method of claim 10 wherein the curing step includes exposing

the insulative material to at least one of ultraviolet, visible, and infrared radiation.

13.  The method of claim 10 wherein the curing step includes heating the
insulative material and exposing the insulative material to at least one of ultraviolet, visible,

and infrared radiation.

14.  The method of claim 10 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.



-19- 8. The nethod of claim1 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. 9. The nethod of claim1l
wherein the applying step includes appR9i-ng the insulative material in at

| east two distinct structures around a peripheral portion of the at |east
one the sem conductor elenent, the two structures not being in contact with
one another. 10. A method of packagi ng a sem conductor device including at
| east one semnmi conductor element, a carrier, and a plurality of conductors
inanulti-tiered 1&onf Tbunwlthanlmfmimild)iwkgpreintﬂw mﬂyiagsicprilndbwdmppiymlge at

| east oneg sem conduct or. nt nd.the .carrier, the nethod co ing the
Steps of MIBTIGNAG SIS HIEEmise THEER fe S SAIE PG SRR DStBRobA0 Ji | east
two of t B¢ peRbtioAthd Weight &ﬂﬁgﬂﬁﬁﬁﬁ@e R@feriapyer, the insulative material
conpri sing |nsulat|ve particles having a dianeter smaller than a gap

bet ween adj acent ones of the conductors, thereby reducing the potential for

short circuiting b the a nt ductors nd curi, ng he i nsul atl ve
maverial 11 Tae Ut nod Mot chebim Ay S b g Fieg aud Apey g

appl yi nghelifGildtRR Whabhial o MRIRVIR WHeRGH Ul 1Hﬁxla'?dde';ﬁ?t1d?&rﬁa'v€ b &S x@ma poI yrrer
resin. 12. The nethod of claim 10 wherein the curing step includes exposing

t he i nsulwmetes ofrid0 ericmhst o at | east one of ultraviolet, visible, and
infrared radiation. 13. The nmethod of claim 10 wherein the curing step
i ncludes heating the insulative material and exposing the insulative

material to at |easy ongh@inemhdd @ElLmelo widrsihBheapplAng s!eﬁflﬁ(ﬁlﬁcfeg ap@Jindt | on.
14. The method of claim 10 wherein the curing step 1ncludes applyl hg a

t her mal fhedosdaiveonatemalito thel device avhestie theahsulatpleyaitideschave symedan diameter
tenperatu a.so i tenperature, and a ranp down in tenperature. -20-
15. The Hé"[‘ﬁ% ?cliXéigrﬁ“fﬁ’ erein the applying step includes applying the
insulative material to the device wherein the insulative particles occupy
bet ween 50 and 85 percent of the weight of the insulative material. 16. The
met hod of cI ai m 10 1her diha mettwdafislarmnid \Sh@pnlthmﬂlmﬂlﬁsgam;llmln@s applging

|nsulat|¥ %rla oth%ahdéewce wher ei n e. |n5114t zittlve particles have a
T he i 1nsua1ve material to the device wherein emsu ative particles have 'a mean diameter

of approximately 4.1 microns.

19.  The method of claim 10 wherein through the applying step the
insulative particles disperse between adjacent ones of the conductors, thereby providing

insulated separation between the adjacent ones of the conductors.

20.  The method of claim 10 further comprising the step of heating the

semiconductor device to a temperature of between 50 and 125.degree. C. before the

applying step.

21.  The method of claim 10 further comprising the step of heating the

semiconductor device to a temperature of between 80 and 100.degree. C. before the

applying step.

22.  The method of claim 10 further comprising the step of heating the

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

23.  The method of claim 10 further comprising the step of heating the



di aneter of 20 mcrons. 17. The nethod of claim 10 wherein the applying step
i ncludes applying the insulative material to the device wherein the

insul ative particles have a nmedi an di aneter of approxinmately 4.5 m crons.
18. The method of claim 10 wherein the2applying step includes applying the
insulative material to the device wherein the insulative particles have a
mean diameter of approximately 4.1 mcrons. 19. The nethod of claim 10

wher ei n Nt j bet ween
adjacenthgggggggﬁﬂﬁgﬁgg% gﬁgggeﬁa%gggqggggﬁ eggﬂﬁgﬁkgﬁgﬂbggﬁgé ‘ion
between the adjacent ones of the conductors. 20. The method of claim 10

further conprising.the ep of sem conduct or devi ce a
tenperature of bet d#en %&3‘ Mci"é 'é)efhuﬂéer‘lﬁ’é‘i‘%‘rsélgt %Steﬁﬁgf*%aﬁﬂl%‘%r@p. 21.
The met hgg s@fmﬁ:lnah&bll&)evflwther conprising the step of heating the

sem conductor device to a tenperature of between 80 and 100. degree. C.

before the applying step 22. The net hod of cI aim 10 further conprising the
step of heating th | ative e ure between 35 and

85. degree. C. bef oﬁé 2 it I}eréﬁcizl@pﬁw ein h‘ég&@?ﬂ'ﬁﬂ“@f“% BN furt her
conpri si gﬂcagggaﬁﬁ&eﬁegémﬂ%ﬁ&ﬁ&& delfee v%;}h d&z%%é‘lfd'e‘ﬁ@ Sﬂ!gfaﬁ{ lal to a tenperature

bet ween degree before e appl yi ng p. 24. The nethod of
claim10 further corrprl Si ng the step of encapsul ating the sem conductor

device. 25. The ne 24 wh t he enca | ating step includes
encapsul ating the ég gjﬁ‘& ‘EféT\W 4nvhgre ‘Qﬁh‘b%"‘gﬂﬂﬁ‘%‘a’p‘é“ g 26. The
met hod of, gl %lﬁﬁx?g‘lt WRERRLAIG cfe'() bt t; %1'09@8 F@shl@ﬁﬂ udes encapsul ating

t he sem conduct or eV| ce wth a nca 27. The method of claim
10 wherein the applying step |ncI udes applying the insulative material to

at | east a portion_gf t at qQne, sem conduct qQr, el enent. i n ddition to
the porti on of t he 231 ur gﬁf’ o sHTLG Y BereBghe Sply B SRBqEapngo
wher ei n %@nﬁﬁ&k&@:ﬂ&gﬁéﬁ@ al féﬁétlé%ﬁugp thd &Qeasft Bﬁe kdnsihRiuie léﬁf?ﬁ{f pal to at

| east a portion of the carrier in tion e portion o plurality
of conduatditisn to the portion of the plurality of conductors

28.  The method of claim 10 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.



