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The invention relates to bonding of integrated circuits to substrates.

Background of the Invention

New bonding techniques have provided high-density interconnections within
and between integrated circuits and in other applications within electronic equipment.
These techniques include the assembling of multichip modules which may contain
several unpackaged integrated circuit (IC) chips mounted on a single substrate. One
technique for assembling unpackaged IC chips in a multichip module or other circuit
assemblies is flip-chip bonding.

Flip-chip bonding is achieved by providing an IC chip with a perimeter or area
array of solder wettable contact pads which are the signal input/output terminals, and
a matting array of solder wettable contact pads on a substrate. Prior to assembly on
the substrate, either the chip, the substrate or both typically under a processing step
wherein a solder bump is deposited at each contact pad of the IC chip and/or
substrate. The IC chip is then oriented in an aligned manner on the substrate such that
the solder bumps align with the corresponding wettable pads, or such that solder
bumps on the IC chip and the substrate align with each other. Interconnect bonds are
then made simultaneously by heating the solder bumps to a reflow temperature at
which the solder flows and an electrically conductive joint is formed. Such a process
is described in R. R. Tummula and E.J. Rymaszewski, Microelectronics Packaging
Handbook, pp. 366-391 (Van Nostrand Reinhold, New York, NY, 1989), which is
incorporated by reference herein.

Typically, the IC chip in the resulting structure is not flush against the

- substrate, but raised above the substrate based on the height of the formed
'~ interconnect bonds, which is typically on the order of 50 um to 100 pm.

Accordingly, a corresponding low-profile gap exists between the IC chip and the
substrate. After the reflow process, flux residues can remain in this formed low-
profile gap as well as between the formed interconnect bonds. If not removed, the flux
residues have the potential to degrade electrical performance and hinder formation of
an epoxy underfill as is described below. However, the corresponding low-profile
openings formed between the edges of the IC chip and the substrate hinder the flow of
flux cleaning fluid into this low-profile gap. As a result, removal of flux residues is
presently difficult to achieve.
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assemblies. Moreover, such methods often produce air pockets in the epoxy located
in the low-profile gap that are formed from the air displaced as the epoxy is flowed
into the gap. These air pockets tend to expand when the assembly is subjected to
elevated temperatures producing a separation force between the IC chip and substrate
15  which can break the interconnections. .

One known method for forming the underfill which reduces the likelihood for
air pockets is to successively deposit beads of epoxy using a syringe around the edge
of one or two non-parallel sides of the IC chip and allow capillary action to draw the
epoxy under the chip. The structure is usually heated 'during this stage to 70° to 100°

20  Cto reduce the viscosity of the underfill material and facilitate the capillary flow.
After this gap is completely filled, a finishing border of epoxy having a height equal
to that of the IC chip, typically on the order of 0.38 mm to 0.76 mm, is deposited
around the chip’s perimeter. The assembly is often heated to a temperature between
70°C and 90°C to lower the epoxy’s viscosity anid reduce the underfill formation

25 time. However, even with such heating, each epoxy bead application typically
requires approximately two minutes for IC chips having dimensions on the order of
1.5 cm by 1.5 cm. Moreover, such IC chips often require as much as six of the epoxy
bead applications or approximately twelve minutes to completely fill the gap between
the chip.and the substrate. Such formation times are unsuitable for the large scale

30  commercial production of component assemblies.

Thus, a need exists for an enhanced bonding technique that enables relatively
fast and efficient methods for removing flux residues as well as for forming
underfills.
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present |y dicfddequitélytremaedfl@y fesidues. In an alternative arrangement, the cleaning fluid
10  flows into the low-profile gap at a sufficient rate through the openings between the
formed interconnect bonds and exits through the aperture. Such cleaning methods are
relatively quick, inexpensive and provide sufficient exposure of surfaces in the gap to
cleaning fluid for adequate cleaning of the flux residues. The cleaning method of the
invention is useful for low-profile gaps having a height up to 150 um. Further, this
15  cleaning method is very desirable for gap heights of 100 pm or less and even more
desirable for gap heights of 50 um or less.

The aperture also provides an escape for air pockets as a material, such as
epoxy; is introduced into the gap between the IC chip and the substrate surface to
create an underfill. In one embodiment, a relatively thick bead of epoxy, such as on

20  the order of the thickness of the IC chip, is deposited on the substrate surface around
the edges of the IC chip and capillary action is then relied upon to draw the epoxy
into the low-profile gap. It is possible to deposit the epoxy at room temperature and
then to heat the structure to facilitate the flow of the underfill material. It is further
possible to advantageously perform this heating on a plurality of such structures

25 simultaneously during an underfill curing process. In another embodiment that is

_suitable for the commercial production of a large number of component assemblies,
the epoxy is stencil printed over and surrounding the IC chips and capillai'y action is
again relied upon to draw the epoxy into the low-profile gap. As in the previously
described embodiment, air displaced by the epoxy entering the low-profile gap

30 escapes through- the aperture.

Moreover, these methods can advantageously create the underfill and
corresponding surrounding epoxy border in a single step. It is possible to employ a
relative pressure difference in the environment above and below the substrate to either )
push or draw the epoxy into the low-profile gap in accordance with the invention. It

35 isalso possible for the epoxy to be pumped into the gap through the aperture.
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2 Mor eover, bonding of an IC chip to a substrate having

different coefficients of t her mal expan5| on can be problematic

because differe n'(l‘"l'i‘eS 111|v2ntt1('t1nelrs partlcui(a?le}"ré%{tgbqe 9or bongmg applications wherein the
formed low-profile gap has a height which hinders the flow of material into the gap.
Exemplary gap heights of 300 um or less typically have such effects on underfill
material flow rates. _

5 Accordingly, the aperture provided in the substrate beneath the IC chip in
accordance with the bonding technique of the invention provides numerous
advantages in overcoming the difficult problems associated with cleaning flux
residues and/or forming an epoxy underfill encountered by conventional bonding

, techniques. The invention has an additional use of enabling coupling of a heat sink to
10 the IC chip through the aperture for producing a low profile assembly.

Additional features and advantages of the present invention will become more

readily apparent from the following detailed description and accompanying drawings.

Brief Deserintion of the Drawi |
15 FIG. 1 illustrates a perspective view of an exemplary integrated circuit chip
and substrate arrangement in accordance with the invention prior to bonding;
FIG. 2 illustrates a cross-sectional view of an exemplary component assembly
comprising the integrated circuit chip and substrate of FIG. 1 bonded to one another;
FIG. 3A and 3B illustrate representations of the assembly of FIG. 2 in
20  respective exemplary arrangements for removal of flux residues from between the
integrated circuit chip and the substrate in accordance with the invention; and
FIG. 4A and 4B, and 5A and 5B illustrate representations of the assembly of
FIG. 2 in respective exemplary arrangements for forming an underfill between the
integrated circuit chip and the substrate in accordance with the invention.
25 ' '
Detailed Deserinti
The invention is based on the realization that, in integrated circuit (IC) chip
bonding, the difficulties in enabling cleaning fluid and underfill material to flow into
the formed low-profile gap between an unpackaged IC chip and a substrate, such as a
30  conventional printed circuit board, can be overcome by providing at least one aperture
in the substrate beneath the gap. As defined herein, “low-profile gap” refers to a
formed gap between an IC chip and a substrate having a height that without the
aperture of the invention would tend to hinder the flow of material through the gap.
The aperture of the invention facilitates the use of low-cost, relatively rapid and
35 efficient techniques for flowing the cleaning fluid and underfill material into the low-
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The invention is described and depicted in the figures with respect to
exemplary residue cleaning and epoxy underfill formation techniques. However, such

embodiments are for illustration purposes only and are not meant to be a limitation of
the invention. The substrate aperture of this invention also enables advantageous

15  techniques for flowing various other cleaning fluids as well as forming other underfill
materials or introducing any lower viscosity material in the low-profile gap at low-
cost.

FIG. 1 depicts an exemplary arrangement in accordance with the invention of

an unpackaged IC chip 1 that is to be connected to a portion of an exemplary substrate

20 10 by a bonding technique, such as a flip-chip bonding technique. The particular
material employed for the substrate 10 is not critical to practicing the invention and
can include, for example, conventional fiberglass or reinforced epoxy resin circuit
boards. In a similar manner, the particular type of IC chip 1 used with the invention
is likewise not critical to and can include integrated circuits, such as those based on

25  silicon or GaAs. Such chips can have dimensions, for example, in the range of
‘approximately 0.4 cm x 0.4 cm to 1.5 cm x 1.5 cm, as well as a thickness in the range
0f 0.30 mm to 0.80 mm.

Solder wettable contact pads 20 are disposed on a major surface 15 of the

substrate 10 and match a mating perimeter array of solder wettable contact pads 100,

30 shownin FIG. 2, formed on the IC chip 1. The contact pads 20 enable signal
communication between the IC chip 1 and other electrical components connected to
the substrate 10. In accordance with the invention, an aperture 30 is provided in the
substrate 10 within a footprint area 40 where the IC chip 1 is to be mounted as shown
in FIG. 1. A single aperture 30 has been shown for ease of illustration, however,

35  multiple apertures can be used in the footprint area 40 in accordance with the
invention. '
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1 and the mating contact pads 20 on the substrate 10 are formed to produce a -
component assembly 130. The interconnect bonds 110 on the far side of the IC chip 1
of the component assembly 130 in FIG. 2, looking into the drawing, have not been
shown for ease of illustration. Also, in FIG. 2, the contact pads 20 and 100 are shown

15  extending above the respective surfaces of the substrate 10 and IC chip 1 for clarity
and it should be readily understood that such contact pads can also be flush or
recessed with respect to such surfaces.

The particular bonding method employed to form the interconnect bonds 110
is not critical to practicing the invention and can include a conventional stencil

20  printing of solder paste and reflow procedure. More specifically, solder joints can be
formed in such a procedure by stencil printing solder paste on each contact pad 100 of
the substrate 10. The IC chip 1 is then oriented in an aligned manner on the substrate
10 such that the printed solder paste aligns with the corresponding wettable pads 20.
The solder joints or interconnection bonds 110 are then made by heating the solder

25 bumps to a reflow temperature at which the solder flows and an electrically
conductive joint is formed. Reflow processes, in general, are described in further

. detail in the previously cited Microelectronics Packaging Handbook. Additional flip-
chip bonding techniques which can be used according to the invention include those
described in U.S. Patent Nos. 5,211,764 and 5,3 85,290, which are assigned to the
30 assignee of the present invention and incorporated by reference herein.
It is possible for the formed interconnections 110 to have a height in the

approximate range of 25 um to 300 pum. Likewise, a corresponding low-profile gap
140 is formed in the space between the IC chip and the substrate surface 15 having a
corresponding height in the approximate range of 25 pm to 300 um. The aperture 30

35 facilitates the use of low-cost and efficient techniques for providing flux cleaning
fluid to this low-profile gap 140 as is depicted in FIGS. 3A and 3B. Also, the
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Summary of the Invention ,Z novel and unobvi ous techni que for

enabling sufficient quantiti es of fl ux cl eaning fluids and underfill

material t Oagelrt%\é\é éd] }‘ %ﬂftarl]tgs e Use 0{: lglw?éolsy %latl ?y rfplg Jeff %mnt techniques for
providing an underfill epoxy within the low-profile gap as is shown in FIGS. 4A and
4B, and 5A and 5B. The aperture 30 is particularly suitable for applications in which
the gap 140 has a height of approximatély 100 pm or less.

5 The component assembly 130 of FIG. 2 is shown in a flux residue cleaning
arrangement 200 in FIG. 3A. In FIG. 3A, temporary containment walls 210 are
provided on the substrate surface 15 surrounding the IC chip 1. The containment
walls 210 and surface 15 form a cavity 220 over the IC chip 1. A sufficiently tight
seal should be provided between the containment walls 210 and the surface 15 to

10  enable a cleaning fluid 230 deposited in a cavity 220 to substantially drain or flow
through the separations between the interconnect bonds 110 into the low-profile gap
140 and exit through the aperture. 30 as indicated by flow lines 240. In this manner,
flux residues and other undesirable material remaining in those gaps after reflow can
be removed. .

15 The particular flux cleaning fluid used is not critical to practicing the
invention and should be dependent upon the flux employed during the soldering
process. For instance, if water-cleanable flux is used, such as AMTECH WS 485,
then the corresponding cleaning fluids can be water or water-based. It is also possible
to employ turpentine-based or related cleaning fluids if rosin-based flux, such as

20 AMTECH NC 557, is used in the formation of the interconnect bonds 110.

The size of the aperture 30 should be large enough to enable an adequate flow
rate for the cleaning fluid 230 through the separations between the interconnections
110 and gap 140 to remove the flux residues. Exemplary aperture sizes can be in the
approximate range of 1% to 20% of the IC chip foot print area 40, shown in FIG. 1, if

25  gravity is relied upon to provide such a flow rate. However, it is alternatively
possible to employ a smaller aperture 30 if the fluid 230 is forced through such gaps
by creating an elevated pressure environment above the fluid, such as, for example,
by the use of a conventional plunger, or by producing a low pressure environment
beneath the aperture 30. Although the containment walls 210 are depicted

30 surrounding a single integrated circuit chip, i.e., the IC chip 1, it should be readily
understood that a substrate area containing multiple integrated circuit chips having
apertures disposed beneath them can be cleaned simultaneously according to the
invention by providing such walls around the multiple chips as a group.

An alternative cleaning arrangement 250 to that of FIG. 3A is shown in FIG.

35 3B, wherein a cavity is formed by containment walls 260 and a substrate major
surface 255 opposite to the surface 15. In this configuration, fluid can be forced by
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surface to 110 to further reduce shear forces that otherwise could cause at least one of the :
interconnect bonds 110 to break. Greater reductions in shear forces could be provided
by employing larger borders 310 extending to higher locations on IC chip sides 320.
However, it is alternatively possible to produce an underfill 300 without a _
15  surrounding border in accordance with the invention albeit providing lesser protection
to the interconnect bonds 110 against shear forces.
An exemplary arrangement for forming the epoxy underfill 300 for the
compeonent arrangement of FIG. 4A is shown in FIG. 4B. In FIG. 4B, a bead 400 of
epoxy is formed on the substrate surface 15 around a perimeter of the IC chip 1. An
20  exemplary method for forming the bead 400 is by dispensing or by stencil printing.
Then, capillary action is relied upon to draw the epoxy 300 into the low-profile gap _
140 to produce the completed component assembly shown in FIG. 4A. After the low-
profile gap 140 is filled with epoxy, the epoxy is cured by, for example, exposure to
elevated temperatures or ultra-violet light, to produce a cross-linked low-elasticity
25  underfill. : .
Undesirable air pockets that tend to form the in the low-profile gap in
conventional systems because air displaced by the epoxy as it is drawn into the gap
has no means of escape, can now escape through the aperture 30 of the invention.
Accordingly, the aperture 30 should be of a sufficient size to enable such air pockets
30 to escape. In this manner, the invention substantially reduces the likelihood of the air
pockets forming in the underfill 300, shown in FIG. 4A. It is possible for the
. resulting epoxy underfill to extend into the aperture 30 without any corresponding
deleterious effects to the assembly.
The particular low-elasticity material employed should be selected so as to
35  reduce shear forces that would be experienced by the interconnect bonds as a result
of, for example, different thermal expansion rates of the substrate 10 and the IC chip .
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such a component assembly would substantially extend to locations on the IC chip 1

sides 320 proximate the top surface 325.
It is possible for the capillary action that draws the epoxy 400 into the low

profile gap 140 to occur substantially at room temperature. However, a reduction in

15  time for forming the underfill 300 can be achieved by subjecting the assembly to
elevated temperatures to lower the epoxy’s viscosity and increase its flow rate.
Moreover, it is possible to reduce the overall component assembly formation time by
combining the underfill formation step with a curing step of the formation of the
assembly 130 shown in FIG. 4A.

20 An exemplary curing process includes subjecting a soldered flip-chip
assembly to an elevated temperature for a period of time to enable the curing of the
epoxy disposed beneath an IC chip to produce a cross-linked low-elasticity underfill.
By depositing the bead 400 prior to the heat curing step, the heat curing lowers the

. viscosity of the epoxy to enable it to more quickly flow into the low-profile gap.

25  Once the gap 140 is filled with the epoxy, the assembly is heated to a particular
temperature for a particular time to achieve the desired cross-linking of the underfill
epoxy. An exemplary combined heat curing and underfill formation process includes
subjecting the assembly to a temperature in the approximate range of 140°C to 160°C

~ for a period of time in the approximate range of 0.2 to 3.0 hours. The previously

30  described curing process is for illustration purposes only and is not meant to be a
limitation on the invention. Other curing processes can be used with the invention
including, for example, curing by exposure to ultra-violet light.

An alternative exemplary arrangement for forming an epoxy underfill is
depicted in FIGS. 5A and 5B employs stencil printing the epoxy. This embodiment is

35  particularly useful in the commercial production of component assemblies. In FIG.
5A, a stencil 500 is placed on the substrate surface 15 with stencil openings 510
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height of the low-profile gap 140.

After the stencil 500 is positioned over the assembly, a material, such as, for
example, a silica field thixotropic epoxy 520 is deposited over the stencil 500. A
sufficient amount of epoxy 520 is deposited on the stencil to flow into the openings
510 to a height of, for example, the low-profile gap 140. Capillary action can then be
relied upon to draw the epoxy 520 located the openings 510 through the spaces
between the interconnect bonds 110 and into the open low-profile gaps 140 of the
respective IC chips 1. In a substantially similar manner to the arrangement of FIGS.
4A and 4B, as the epoxy is drawn into the low-profile gap 140 in FIG. 5A, the
corresponding displaced air can escape through the aperture 30 instead of forming
undesirable air pockets. Likewise, it is possible for the epoxy underfill to extend into
the aperture 30 without any corresponding deleterious effects to the assembly. A
corrésponding completed assembly is shown in FIG. 5B with a resulting underfill 600
and border 610.

Referring back to FIG. SA, the openings 510 in the stencil 500 should have an
open area that defines an outer perimeter for the desired surrounding epoxy border
610 shown in FIG. 5B. For ease of assembly, it is advantageous to employ a stencil
500 having a thickness substantially corresponding to the height of the desired border
relative to the substrate surface 15 as is shown in FIG. 5A. In this manner, the
amount of epoxy that needs to be dgpoéited does not need to be accurately measured.
A sufficient quantity of the epoxy 520 only needs to be deposited to fill the stencil
openings 510. However, a larger amount of epoxy 520 can be deposited, such as to
cover the stencil 500 as shown in FIG. 5A. Accordingly, a squeegee can be employed
to wipe off any excess epoxy 520 extending out of the openings 510. Then, the
stencil 500 is removed leaving the epoxy border 610 surrounding the IC chips 1 with
a height substantially equal to the thickness of the stencil 500 as shown in FIG. 5B.

Such a method, facilitates the formation of IC chip underfills for relatively
large number of assemblies at low cost. However, it is alternatively possible in
accordance with the invention, to deposit epoxy in each stencil opening 510 to the
desired border height below the thickness of the stencil’s thickness. Such a technique
can be performed without a subsequent squeegee step. '

In either of the epoxy formation techniques of FIGS. 4A and 4B, and 5A and
5B as well as other embodiments, it is possible to subject the component assembly to
an environment with a higher pressure above the IC chip 1 relative to a pressure
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Exenpl ary -gap heights of 300 [err]m or Ilgss typically have such effects on
underfill material flow rates. Accordingly, the
aperture provided in the substrate beneath the IC chip in accordance
wi th the bondi ng technique of the invention provides numerous

advant ages ibglayy thesuhstrrie surface 225 pppasite gieamajensurtacs déitapush e drawdheani ng
flux epBRY S2E it/ 18W-prSfildigaps 84D ﬁﬁﬂfg}i_th@?‘&&késbo‘?m&wiﬁﬁr ed by

conventi onal “hondi n teghni ques. The invention has an additional use
of enabling CFB’I?BW?TS’_@F eﬁ°’We°é‘E’(i§iH‘|‘¥1He intq the gaps 1 thrangh ABEGHCS 3.‘_% .
aperture f orTherinesntion prévidedvinfidditions] iraefdfleyiabling qoluFlirtn)g of a heabditk!tb @Al

be

roadi |y Sppareniery Biiehdhs sFaleny Derr LS8t B BRPHEEomanyi ng

drawi ngs. assembl®rief Description of the Drawi ngs 15 . FIG 1
il lustrates a per | ' : | nat, L.k Cuib § | p
and substrate ar r@ﬁ%@%%@#ﬂ%&@g} artlsﬁe W [&%‘%‘%@ﬁ%&%'?g‘ﬁ&&[’%ﬁn qeg‘m

bondi ng; above, many modifications tan besmada witheut departing &rom thra¢aching\therofan
exenpl ary CIPONQRh nRRBEHRbYs are intended to be encompassed within the following
10  claims. For instance, although the invention has been described with respect to
bonding IC chips and substrates with different coefficients of thermal expansion and
the use of an underfill, it is alternatively possible to employ the aperture of the
invention solely for the cleaning of flux residues without the use of an underfill or
solely for the addition of an underfill when the solder joints are formed using a flux
15  that leaves little or no residues. An exemplary residue-less solder paste is described
in, for example, U.S. Patent No. 5,211,764, which is assigned to the assignee of the
present invention and incorporated by reference herein.
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corrp ted circuit chip ald substrate of FIG 1 bonded to
ane aumllﬂ ‘“r““n““(ﬂqm FIG 3A and 3B illustrate representations of the
assenbfy of 'FI & in 20 respective exenplary arrangenents for renoval of

flux resi due@]aﬁﬁgm bet ween t he integrated circuit chip and the
substrate in a cordaa_@g wth the invention; FILG 4A and

4B, and 5A andlsg e @%‘?@W’éﬁ?%%&“ﬁgpﬂﬂé sybsiEtg fompRsing: FI G
2in respectuvprmdm@helewaneWintmigorsﬂrﬁwbﬂw@&msﬁdﬁrfI Il between the

integrated cir ubstr h the invention.
%5 pe Pding Bk P ot Badd e iholGieR 6 mibsihe el don ¢ ne
real i Zat i padstomesaid major subsyatetsurfacs to dom ct(rtesportdmg)elecmcal ilmerconnetiohd e

difficult s | Vs mﬁjﬁ ter ow into
the for rreg/ﬁlérg\i/\k ro?‘w[gr&gd%get ween ag#& g@%&bﬁtﬁ . sa‘tcf?% s%h%rate '
such as a3RROUTG éﬁdémdlaaétep;femnse ew+peefile gpp tafeen; said insegrated cirouit and

provi di ngs@asﬁ@&ﬁ{e SE aperture in the substrate beneath the gap. As

defined herein ovv- refers to fornmed gap between an
| C chip and a g‘é“’ﬁ‘&{/‘i“?é‘?ﬁlﬁ’é% ﬁﬁ’vﬁalpth? id substrate and
10 said integrated circuit, wherein at least one of said apertures and spaces between said
interconnect bonds provides an escape for air from said low profile gap displaced by said
material during said material formation.

2. The method of claim 1 wherein said bonding step forms said low-profile gap
with a height of approximately no greater than 300 um.

15 3. The method of claim 1 wherein the underfill forming step includes formation
of a material border on said substrate surrounding side edges of said integrated circuit.

4. The method of claim 1 wherein said material is an epoxy.

S. The method of claim 1 wherein said underfill forming step comprises forming
a material bead on said substrate adjacent at least one side edge of said integrated circuit,
© 20 wherein capillary action draws said material into said low-profile gap and wherein said
air can escape through said aperture.

6. The method of claim 5 wherein the material bead is formed substantially
surrounding the side edges of said integrated circuit.

7. The method of claim 5 wherein the material bead has a thickness substantially
25  between a height of said low profile cavity and a height of a top surface of said integrated
circuit chip.

8. The method of claim 5 wherein at least a portion of the underfill forming step
achieves a sufficient temperature to lower said material’s viscosity.

T




ape H mﬁntion woul d tend tg@shinder the flow of material through
them m“m"“n]mu perture of the invention facilitates the use of
I ovv-cost Telati veI y rapid and 35 efficient techniques for flow ng the
cl eaning fl ui underf | int \\- . . :
: or b 1 gt o ol Sy Bhhdcotmbrifiok e bt creating an sovirgueat, o
exit for prbsm:d ﬂaanlsrgg:aidmbdve said major substrate surface relative to an environment -

pressure below a substrate surface opposite to said major substrate surface and proximate

said aperture.

—

10. The method of claim 1 wherein said material formation step comprises:

providing a stencil on said major substrate surface, said stencil having an opening
with a shape at least the size of the integrated circuit chip covering chip;

depositing said material within said opening to enable it to flow into said low-
profile gap; and
10 removing the stencil from said surface.

(¥

11. The method of claim 10 wherein the material is deposited into said openings
to at least a height of a top surface of said chip.

12. The method of claim 11 further comprising removing excess material
extending out of said stencil openings by squeeging a top surface of said stencil prior to
15 the removal of said stencil.

13. The method of claim 9 wherein said stencil opening is a size of the chip in
combination with a desired thickness of a material border surrounding side edges of said
chip. '

14. The method of claim 10 wherein said material is a silica field thixotropic
20  epoxy.

15. The method of claim 1 wherein said material is deposited in said gap through
said aperture.

16. A method for bonding an integrated circuit chip to a substrate comprising:
providing at least one aperture in a major surface of said substrate;

25 bonding at least two contact pads of said integrated circuit to matching contact
pads on said major substrate surface to form corresponding electrical interconnections
wherein said integrated circuit covers an area of the substrate containing said at least one
aperture, said bonding step forming a low-profile gap between said integrated circuit and
said substrate: and
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as we air pockets to qgcape during formation of an
Lrnder”mm"m,mn m m, The cl eaning nmethod of the invention is useful
for Iovv-prof|le gaps *havi ng a hei ght up to 150 [err]m Further this

cl eani ng et ho ) N errlmor

| ess and even ﬂ% gcfz%%' d?@ﬁ%ﬁﬂgﬁo‘ﬁ{ﬁ?‘g&%nﬁ?ﬁ%"& J

Mor eover , apertmre fov eerhovah ofatdedst 8 pottionad undesasiie umtdriab fionysaid gamderf il

mat erial s, such as epoxy, into low profile gaps having hei ghts of,
for exarrple 300 [err]mor |ess, which woul d typically hinder the
flow of such nhl.eFhexmethad @f claimd@avhernin said bending step forms said lowoprefilergapt he

i nventi onwi adefht BB Siprbxifately AYgRARE tHaR 190pRmMm.Of greater heights to 10
achi eve like advantages The 1 nvention is described and
depicted in the figures with respect to exenpl ary residue cleaning -
and epoxy undet§.i The method of elairh €7 Whietitir Said bombie step fored said low-profifeqdpnent s
are for illtgsthr%hto%]%urpos&? onlﬁé &ng_ﬁ%rlﬁ not meant to be a limtation of
the inventl'df1® LONTRE Y, BR BRFE %PE‘ i nvention al so enabl es
advant ageous t echni ques for fl ow ng various other cleaning fluids as

vel | as"or i gy ﬁﬂ%@ﬂ%ﬁm 18 hersin T8 BOAGHD 85 cdells SIHBHAFoRgah "

viscosity matertral 1n r of
with a height of approximately no greater than 0 pm.

20. The method of claim 16 wherein said fluid is a flux residue cleaning fluid.

10 21. The method of claim 16 wherein said fluid is flowed into said low-profile gap
substantially based on the effects of gravity.

22. The method of claim 16 wherein said fluid is a flowed into said low-profile
gap through said aperture.

23. The method of claim 16 further comprising:
15 . providing containment walls on a major substrate surface opposite said ma]or
substrate surface;
disposing cleaning fluid in a cavity formed by said containment walls and said
opposite major substrate surface; and
draining said cleaning fluid through said aperture and into said gap.

20 - 24. An electrical component assembly comprising:
a substrate provided with at least one aperture and at least one contact padona
surface of said substrate;
an integrated circuit chip having at least one matching contact pad to said
substrate contact pad wherein said chip covers said at least one aperture and forms a low-
25  profile gap between said chip and said substrate surface; and '
an underfill material formed in said low-profile gap wherein said aperture enables
said material formation substantially devoid of air pockets.

TG



cost. . ||Il‘ um "Mﬂ"ﬁ"’l depi cts an gxenpl ary arrangenent in accordance
with the'l§ e an unpackaged IC chip 1 that is to be
connected to a portion of an exenplary substrate 20 - 10 by a bondi ng
techni que, su Ll it SRl pod. ! i _ | gLl ar .

mat eri al enpl c??’.ézﬁfeér [ 1hgy §€%§'{1§§?g)hi%“ %?J]n%tﬂ gtffllotv?@gqfﬁ?éé%ﬁa;éca?ﬁeéwg t he
i nrvent i oof apptoximately oa gréater|thans300fum. exanpl e, conventional fiberglass or

rei nforced epoxy resin circuit boards. In a simlar manner, the

particular type of 1Cchip 1 used with the invention | .is likew se not
critical to ad8 dasassemblyiel clant wherginsaidsubsiate is aprinted ciggutbassded on 25
silicon or GaAs. Such chips can have dinensions, for exanple, in the range

of appr Qyi gat el 4 X 4. cmto.l1.5 cmx 1.5 cm as well as a
t hi ckness in ?ﬁeﬁgﬁ@%m%ly °fC°T6‘f“g4?s"ée‘i‘?m§a Basya €poxy. . Sol der
wett apl e cont 28f Amcelectiical somponehp assembbincomprisjng: surface 15 of the
substrate 10 an ch a. .nmati. erjneter ray.of sol der ttabl e contact
pads 100, 30 %sghsg%%e Prﬁ@%m@?atfegﬁ aﬁﬁrtﬁrﬁgngetolgﬁﬁﬁni&nltﬁm% P@@ﬁf‘&ct pads
20 enabl surfacgrofisaid substrateyandini cati on between the IC chip 1 and ot her
el ectrical cogpaRERbadCRHOMEEHIH Ratidg at least one matching contact pad to said
substrate contact pad wherein said chip covers said at least one aperture and forms a low-
10  profile gap between said chip and said substrate surface, wherein said aperture facilitates
flow of material into said gap. -

-

29. The assembly of claim 28 wherein said formed low-profile gap has .a height
of approximately no greater than 300 um.

30. The assembly of claim 28 further comprising an underfill material formed in
15  said low-profile gap wherein said aperture enables said material formation substantially
devoid of air pockets.

31. The assembly of claim 28 further comprising a heat sink at least partially
disposed in said aperture and coupled to said integrated circuit chip.
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the'sgbstrate 10. In accordance with the invention, an aperture 30 is"
provided in the substrate 10 witHbn a footprint area 40 where the IC
chip |l is to be nounted as shown in FIG 1. A single aperture 30 has

e used 1 n t neTN CBORATED L TRCR T HonDEE retion aRaPRARERES, ort: on

6
Abstract

A technique for enabling sufficient flow of flux cleaning fluids and an underfill
material in the relatively low-profile gap between a flip-chip bonded IC chip and a
5  substrate, such as a printed circuit board, is to provide at least one aperture in the

substrate under the IC chip. The use of such an aperture enables, for example, flux
cleaning fluid to flow through the aperture into the low-profile gap between the IC chip
and the substrate surface, such as by the application of pressure or by gravity, which then
exits through openings between formed interconnect bonds at a sufficient flow rate to

10  adequately remove flux residues. An epoxy underfill to the IC chip can be formed in a
similar manner. For éxample, a relatively thick bead of epoxy, such as on the order of the
thickness of the IC chip, is deposited or stencil printed on the substrate surface around the
edges of the IC chip and capillary action is then relied upon to draw the epoxy into the
low-profile gap. Undesirable air pockets which otherwise would develop form the

15  displaced air as the epoxy flows into the low-profile gap can advantageously escape
through the aperture of the invention.

-16- -
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The'ahape.of the aperture 30 is not pﬁ;gipuharly critical for the invention

and, in addition to the depicted circular shape, it can be, for
exanpl e, triangul ar, rectangul ar, oval as well as other
mul ti pl e-si ded shapes. Limtations on the size of the aperture 30 is

described below with regard to FIGS. 3A and 4A. Although a 5 peri meter
array of contaqFI@ads120 and 100 are iLXHstrated in FIGS. 1 and 2, it

shoul d be tTeadi |y understood th an area array of contact pads can
al so be used on the IC chip 1 and substrate 10 in accordance with
the invention. The aperture 30 shoufdDbe suridciently spaced from
the contact pads 20 so as not to iaterfere wwth theg/Aormation of

i nterconnect bonds between theyl C/chip 1 and the pdtrate 10. 10

In FIG 2, interconnect bonds 1 bet ween the co ctl pads 100 of the IC
chip 1 and the mating conyact pads 20 on t slibstrate 10 are forned
to produce a { At er donnect bonds 110 on
the far side of the ICchip 1
2, looking into the draw ng,
illustration. Also, in FIG

ave not been
t he cont act

FIG. 2

1\ Eg

13\11‘%:: - 140 20
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15 extendi ng above the respective surfaces of the substrate 10 and IC chip
1 for clarity and it should be readily understood that such contact
pads can al so be flush or recessed with respect to such surfaces.
The particul ar bondi ng nmet hod enpl oyed to formthe interconnect bonds 110
I's not critical to practicing the invention and can include a conventional
stencil 20 printing of solder paste ayg refl ow procedure. Mre
specifically, solder joints can be formed in such a procedure by
stencil printing solder paste on each contact pad 100 of t he
Substrate 10.Fﬁ;ae I‘fﬁchi p lis then oriented in an aligned manner on the
substrate 10 ch that the printed sol der paste aligns with the
correspondi ng wettabl e pads 20. The sol der joints or interconnection
bonds 110 are then nmade by heating the sol der 25 bunps to a refl ow.
tenperature at which the solder flows and an electrically conducti ve
joint is formed. F@floﬁfprocesses in general, are d IIn fﬁrther
detail in the previ@usl W
Addi tional flip- q
to the invention include

ed aécording
Nos.

5,211,764 and 5, 385, 290, which are_as \gned to the
k‘110\ ,400 )[440 20
30
240/
FIG. 38
] 230 ]
260
260 4
250
l 285

140/

270
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30" assi gnee of the present

herei n. It
have a height in the
Li kew se, a corresponding |owprofile gap

I nvention and incorporated by reference
I's possible for the fornmed interconnections 110 to
approximate range of 25 [errJmto 300 [err]m

140 is fornmed in the space

between the I C chip and the substrate surface 15 having a

correspondi ng height in the approxi mat
The aperture 30 35 facilitates the us
techni ques for providing flux cleaning

{)an

ge of 25 [err]mto 300 [err]m
| ow-cost and efficient

fluid to this lowprofile gap

140 as i s de?-i)-&{ ed4iA1 FIGS. 3A and 3B. Al so, the

320 38 2
1 13 (} 0 ! 300
- 15
m\W
30
FIG. 48
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7 . aperture 30 facilitates the use of lowcost, relatively rapid and

éfficient techni ques for providing an underfill epoxy within the

| ow-profile gap as is shown in FIGS. 4A and 4B, and 5A and 5B. The
aperture 30 is particularly suitable for applications in which t he
gap 140 has a height of approximately 100 [err]mor less. 5 The

conponent assenbly 130 of FIG 2 is shoyi4in a flux residue cleaning
arrangenent 200 in FIG 3A In FIG 3A tenporary containnment walls 210 are
provi ded on the substrate surface 15 surrounding the IC chip 1. The

cont ai nnent val IEJZT0 4 ce 15 forma cavity 220 ov C
chip 1. A sufficientl I ght al shoul d be provided bet
contai nment walls 210 ]délo 15 to 10 enable a cleani 230
deposited in a cavity [Z20 ially drain or flow =] t he -
separations between theldinter bonds 110 into the Iowp?o
140 and exit through aper as indicated by flow
this manner, LLN ZA
| |
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£ ux resifues :%ﬁdfotthérﬁundesl rab#‘e matierl i (A EITB.I W ng
wefl ow cafi} Descrivhe regeved.. 135
fluid used; nqt) Crigdzeal.ut.ao prﬁﬂtlélng t he nve
dependent |jupon-4es)f | pgcenpl.ayeseduring the sol dermg p ,”gsg
i nst ance, zf Mat.ef - ¢l gapabl ett,lpuxu S.usedp such as AMIECH WS 185,

........ E
t hen the ,prrespondg-p l eani ng fl uids jcan be vvat;er Qr. wat er-based
al so poss Fale 20 -f“g—!félﬁﬁ‘}‘ﬁ'y" “He- based of relat.ed. ctaantn g‘ﬁ"&ﬂd& ___._,it

i f rosin-based fIINSI‘EGRAfI‘EH)CIRCUm\BGNBmIG METHOGD AND APPARATUS mat i on
of the interconnect bonds 110. The size of the aperture 30

shoul d be | aFjddaftheinvieationabl e an adequate fl ow rate for t[}g
710 and gap 140"t 4 SRPESR Frlates FNnaieR ST HieuH (o ERERIFe o zes can
be in the approxi mate range of 1% to 20% of the 1 C chip foot print
area 40, sho gravity is relied upon to provide such a
flow rate, H?th@ﬁ& ely possible to errployasrraller
aperture 30 if t hé‘tei“f bondingchniques ﬂrgwpnomdsd hlighsderisity dnterconnections/withimat i ng
an el evated pA®B&Wesn Rilegrated ERBitsHAE R ofhlPagplithfonsSWithin 3fectrbfiic eGUpHRAE:
‘These techniques include the assembling of multichip modules which may contain
several unpackaged integrated circuit (IC) chips mounted on a single substrate. One
technique for assembling unpackaged IC chips in a multichip module or other circuit -
10  assemblies is flip-chip bonding.
Flip-chip bonding is achieved by providing an IC chip with a perimeter or area
array of solder wettable contact pads which are the signal input/output terminals, and
a matting array of solder wettable contact pads on a substrate. Prior to assembly on
the substrate, either the chip, the substrate or both typically under a processing step
15  wherein a solder bump is deposited at each contact pad of the IC chip and/or
substrate. The IC chip is then oriented in an aligned manner on the substrate such that
the solder bumps align with the corresponding wettable pads, or such that solder
bumps on the IC chip and the substrate align with each other. Interconnect bonds are
then made simultaneously by heating the solder bumps to a reflow temperature at
20  which the solder flows and an electrically conductive joint is formed. Such a process
is described in R. R. Tummula and E.J. Rymaszewski, Microelectronics Packaging
Handbook, pp. 366-391 (Van Nostrand Reinhold, New York, NY, 1989), which is
incorporated by reference herein.
Typically, the IC chip in the resulting structure is not flush against the
25  substrate, but raised above the substrate based on the height of the formed
" interconnect bonds, which is typically on the order of 50 um to 100 um.
Accordingly, a corresponding low-profile gap exists between the IC chip and the
substrate. After the reflow process, flux residues can remain in this formed low-
profile gap as well as between the formed interconnect bonds. If not removed, the flux
30  residues have the potential to degrade electrical performance and hinder formation of
an epoxy underfill as is described below. However, the corresponding low-profile
openings formed between the edges of the IC chip and the substrate hinder the flow of
 flux cleaning fluid into this low-profile gap. As a result, removal of flux residues is
presently difficult to achieve. | |
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Ry the use of a conventional plunger, or by producing a | ow préssure

&nvi r onnent " beneath the aperture 30. Although the containnment walls
210 are depicted 30 surrounding a single integrated circuit chip, i.e.,
the ICchip 1, it should be readily understood that a substrate area
contai-ning multiple integrated circuit chips having apertures

di sposed beneath them can be cl eaned sinultaneously according to the
i nvention by providing such walls around the nultiple chips as a group.

o e e, AR SR ol B e o 7 ©
substrate rm&emnal expansusmcirﬂsaepr%ﬁnﬁﬁa becduse diffetdmeesinrtheratal ¢xpankiontofitite
configurati o I for
This is the® Sgg&féﬁ? d(iemperXtures can produce shear forces on the

mterconnect bonds causmg them to break. Typically, a low-elasticity epoxy underfill

5 is added in the low-profile gap between the IC chip and the substrate to reduce such

shear forces. However, because of the corresponding low-profile edge openings to

the gzip, it has been likewise difficult to flow epoxy into the low-profile gap to form

the underfill.

Conventional methods for forming the epoxy underfill are tedious and time

10  consuming and are a bottleneck during large scale production of many component
assemblies. Moreover, such methods often produce air pockets in the epoxy located
in the low-profile gap that are formed from the air displaced as the epoxy is flowed
into the gap. These air pockets tend to expand when the assembly is subjected to .
elevated temperatures producing a separation force between the IC chip and substrate

15  which can break the interconnections. :

One known method for forming the underfill which reduces the likelihood for
air pockets is to successively deposit beads of epoxy using a syringe around the edge
of one or two non-parallel sides of the IC chip and allow capillary action to draw the
epoxy under the chip. The structure is usually heated 'during this stage to 70° to 100°

20  Cto reduce the viscosity of the underfill material and facilitate the capillary flow.
After this gap is completely filled, a finishing border of epoxy having a height equal
to that of the IC chip, typically on the order of 0.38 mm to 0.76 mm, is deposited

‘around the chip’s perimeter. The assembly is often heated to a temperature between
70°C and 90°C to lower the epoxy’s viscosity and reduce the underfill formation

25 time. However, even with such heating, each epoxy bead application typically
'requirés approximately two minutes for IC chips having dimensions on the order of
1.5 cm by 1.5 cm. Moreover, such IC chips often require as much as six of the epoxy
bead applications or approximately twelve minutes to completely fill the gap between
the chip ‘and the substrate. Such formation times are unsuitable for the large scale

30 commercial production of component assemblies.

. Thus, a need exists for an enhanced bonding technique that enables relatively
fast and efficient methods for removing flux residues as well as for forming
underfills.
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g gravity or under pressure through the aperture 30, into the gap

440 and out t hr ough the separati on between the interconnect bonds
110 as shown by flow lines 270. An advant age of this arrangenent 250
is that it substantially reduces the |ikelihood that flux residues

or other undesirable material within a pgrimeter area of the ICchip 1l 5
woul d beconme wedged in the low profile gap 140 during the cleaning process.
After renoval of the flux residues and undesirable materials, it is often
advant ageoug, to for Lowel asticity material underfill 300, such as an
epoxy, int e gap 140 as shown in FIG 4A It is
desirabl e for the nowttadd hhob¥iuustechnique for enabling sufficient quantities of flux

cleaning fluids and underfill material to flow into the open, relatively low-profile gap
between a bonded IC chip and a substrate, such as a printed circuit board, is to
5 provide at least one aperture in the substrate under the IC chip. The use of such an

aperture enables, for example, flux cleaning fluid to flow through the aperture into the
gap between the IC chip and the substrate, such as under pressufe or by gravity, and
exit through openings between the formed interconnect bonds at a sufficient flow rate
to adequately remove flux residues. In an alternative arrangement, the cleaning fluid

10  flows into the low-profile gap at a sufficient rate through the openings between the
formed interconnect bonds and exits through the aperture. Such cleaning methods are
relatively quick, inexpensive and provide sufficient exposure of surfaces in the gap to
cleaning fluid for adequate cleaning of the flux residues.” The cleaning method of the
invention is useful for low-profile gaps having a height up to 150 um. Further, this

15 cleaning method is very desirable for gap heights of 100 pm or less and even more
desirable for gap heights of 50 um or less.

The aperture also provides an escape for air pockets as a material, such as
epoxy; is introduced into the gap between the IC chip and the substrate surface to
create an underfill. In one embodiment, a relatively thick bead of epoxy, such as on

20  the order of the thickness of the IC chip, is deposited on the substrate surface around
the edges of the IC chip and capillary action is then relied upon to draw the epoxy
into the low-profile gap. It is possible to deposit the epoxy at room temperature and
then to heat the structure to facilitate the flow of the underfill material. It is further
possible to advantageously perform this heating on a plurality of such structures

25  simultaneously during an underfill curing process. In another embodiment that is
suitable for the commercial production of a large number of component assembilies,
the epoxy is stencil printed over and surrounding the IC chips and capillafy action is
again relied upon to draw the epoxy into the low-profile gap. As in the previously
described embodiment, air displaced by the epoxy entering the low-profile gap

30  escapes through the aperture. _

Moreover, these methods can advantageously create the underfill and
corresponding surrounding epoxy border in a single step. It is possible to employ a
relative pressure difference in the environment above and below the substrate to either a
push or draw the epoxy into the low-profile gap in accordance with the invention. It

35  is also possible for the epoxy to be pumped into the gap through the aperture.
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tnc]ude a border 310 in an area surrounding the interconnects 110. The
border 310 10 should extend fromthe substrate surface 15 to.a | evel

above the interconnect bonds 110 to further reduce shear forces that
ot herw se could cause at | east one of the i nt erconnect bonds 110 to
break. -Greater reductions in shear forceg coul d be provided by

enpl oyi ng | arger borders 310 extending to higher |ocations on IC chip sides
320. However, it is alternatively possible to produce an underfill

It
2l bel't  provi di ng TESeRHBE kAU sl RGeS aptibio oG )
agai nst s hezimnedrlcwssroﬁle gap has a height which hinders:the ﬂawmfngmmltmﬁodhc gap.ni ng
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substrate sfateabilow ratesund a perimeter of the ICchip 1. An 20 exenplary
net hod for form pgcélddieale 454turs p@yld@dﬁpﬂﬁ%hﬁﬂra%béﬁéaﬁxttﬁé‘m khiprih Nt i Ng.

Vo prof 11 o ogegiatce wihy @b?f?ﬂu'@f balitigos EnE BREREOL BB SHBROHssendl y shown
in FIG 4A. adéaneages incovecouming the dlﬁionitl preblemp assbOiated with tleahing flaxepoxy, the
epoxy I's CUR&thRY and/f formitiy eepo% BR%hf ehSountered by conventional bonding

techniques. The invention has an additional use of enabling coupling of a heat sink to

10  the IC chip through the aperture for producing a low profile assembly. '
~ Additional features and advantages of the present invention will become more
readily apparent from the following detailed description and accompanying drawings.

Brief Descrintion of the Drawi -
15 - FIG. 1 illustrates a perspective view of an exemplary integrated circuit chip
and substrate arrangement in accordance with the invention prior to bonding;
FIG. 2 illustrates a cross-sectional view of an exemplary component assembly
comprising the integrated circuit chip and substrate of FIG. 1 bonded to one another;
FIG. 3A and 3B illustrate representations of the assembly of FIG. 2 in
20  respective exemplary arrangements for removal of flux residues from between the
integrated circuit chip and the substrate in accordance with the invention; and
FIG. 4A and 4B, and 5A and 5B illustrate representations of the assembly of
FIG. 2 in respective exemplary arrangements for forming an underfill between the
integrated circuit chip and the substrate in accordance with the invention.
25 |
Detailed Descrinti
The invention is based on the realization that, in integrated circuit (IC) chip
bonding, the difficulties in enabling cleaning fluid and underfill material to flow into
 the formed low-profile gap between an unpackaged IC chip and a substrate, suchasa
30 conventional printed circuit board, can be overcome by providing at least one aperture -
in the substrate beneath the gap. As defined herein, “low-profile gap” refers to a
formed gap between an IC chip and a substrate having a height that without the
aperture of the invention would tend to hinder the flow of material through the gap.
The aperture of the invention facilitates the use of low-cost, relatively rapid and
35 efficient techniques for flowing the cleaning fluid and underfill material into the low-
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elebated tenperatures or ultra-violet light, to produce a cross-1linked

towelasticity 25 underfill. - Undesirabl e air pockets that
tend to formthe in the lowprofile gap in conventional systens
because air displaced by the epoxy as it is drawn into the gap has no

means -of escape, can now escape through ?he aperture 30 of the invention.
Accordingly, the aperture 30 should be of a sufficient size to enable such
air pockets 30 to escape. In this manner, the inventlon substantially

' |
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-Sl-lﬁlbgt Ir 2t te hé %ngvggéﬁ%mvegq;@&nables the advantageous ﬂowmg of underfill materials, such

as epoxy, into low-profile gaps having heights of, for example, 300 pm or less, which

~would typically hinder the flow of such materials when an aperture is not used.

However, the invention is also useful for low-profile gaps of greater helghts to

10 achieve like advantages. :

The invention is described and depicted in the figures with respect to
exemplary residue cleaning and epoxy underfill formation techniques. However, such
embodiments are for illustration purposes only and are not meant to be a limitation of
the invention. The substrate aperture of this invention also enables advantageous

15  techniques for flowing various other cleaning fluids as well as forming other underfill
materials or introducing any lower viscosity material in the low-profile gap at low-
cost.

FIG. 1 depicts an exemplary arrangement in accordance with the invention of
an unpackaged IC chip 1 that is to be connected to a portion of an exemplary substrate

20 10 by a bonding technique, such as a flip-chip bonding technique. The particular
material employed for the substrate 10 is not critical to practicing the invention and
can include, for example, conventional fiberglass or reinforced epoxy resin circuit
boards. In a similar manner, the particular type of IC chip 1 used with the invention
is likewise not critical to and can include integrated circuits, such as those based on

25  silicon or GaAs. Such chips can have dimensions, for example, in the range of
approximately 0.4 cm x 0.4 cmto 1.5 cm x 1.5 cm, as well as a thickness in the range
0f 0.30 mm to 0.80 mm. '

Solder wettable contact pads 20 are disposed on a major surface 15 of the
substrate 10 and match a mating perimeter array of solder wettable contact pads 100,

30  shown inFIG. 2, formed on the IC chip 1. The contact pads 20 enable signal
communication between the IC chip 1 and other electrical components connected to
the substrate 10. In accordance with the invention, an aperture 30 is provided in the
substrate 10 within a footprint area 40 where the IC chip 1 is to be mounted as shown
in FIG. 1. A single aperture 30 has been shown for ease of illustration, however,

35 multiple apertures can be used in the footprint area 40 in accordance with the
invention.
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9 1, and is otherwise not critical to practicing the invention. A

sui tabl e exenplary | ow el asticity epoxy is a Hysol -type epoxy
manuf act ured by the Dextor Corporation, A ean, N.Y.

The quantity of material used for the bead 400 should enable the formation
of " 6

The shape of the aperture 30 is not particularly critical for the invention and,
in addition to the depicted circular shape, it can be, for example, triangular,
rectangular, oval as well as other multiple-sided shapes. Limitations on the size of
the aperture 30 is described below with regard to FIGS. 3A and 4A. Although a

5  perimeter array of contact pads 20 and 100 are illustrated in FIGS. 1 and 2, it should
be readily understood that an area array of contact pads can also be used on the IC
chip 1 and substrate 10 in accordance with the invention. The aperture 30 should be
sufficiently spaced from the contact pads 20 so as not to interfere with the formation
of interconnect bonds between the IC chip 1 and the substrate 10.

10 In FIG. 2, interconnect bonds 110 between the contact pads 100 of the IC chip
1 and the mating contact pads 20 on the substrate 10 are formed to produce a
component assembly 130. The interconnect bonds 110 on the far side of the IC chip 1
of the component assembly 130 in FIG. 2, looking into the drawing, have not been
shown for ease of illustration. Also, in FIG. 2, the contact pads 20 and 100 are shown

15  extending above the respective surfaces of the substrate 10 and IC chip 1 for clarity
and it should be readily understood that such contact pads can also be flush or
recessed with respect to such surfaces.

The particular bonding method employed to form the interconnect bonds 110
is not critical to practicing the invention and can include a conventional stencil

20  printing of solder paste and reflow procedure. More specifically, solder joints can be
formed in such a procedure by stencil printing solder paste on each contact pad 100 of
the substrate 10. The IC chip 1 is then oriented in an aligned manner on the substrate
10 such that the printed solder paste aligns with the corresponding wettable pads 20.
The solder joints or interconnection bonds 110 are then made by heating the solder

25 bui:nps to a reflow temperature at which the solder flows and an electrically
conductive joint is formed. Reflow processes, in general, are described in further

. detail in the previously cited Microelectronics Packaging Handbook. Additional flip-
chip bonding techniques which can be used according to the invention include those
described in U.S. Patent Nos. 5,211,764 and 5,385,290, which are assigned to the

30 assignee of the present invention and incorporated by reference herein.

' - Itis possible for the formed interconnections 110 to have a height in the
approximate range of 25 pm to 300 um. Likewise, a corresponding low-profile gap
140 is formed in the space between the IC chip and the substrate surface 15 having a
corresponding height in the approximate range of 25 um to 300 um. The aperture 30
35 facilitates the use of low-cost and efficient techniques for providing flux cleaning

fluid to this low-profile gap 140 as is depicted in FIGS. 3A and 3B. Also, the
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5 the underfill 300 in the lowprofile gap 140 as well as the desired
border 310. For I nstance, an epoxy bead 400 having a thickness on
the order of the thickness of the IC chip 1, such as, for exanple,
in the range of 0.30 nmto 0.80 mm can be used for formng the
underfill 300 with the border 310 for an LC chip 1 having dinensions in
the approxinmate range of 0.4 cmx 0.4 cmto 1.5 cmx 1.5 cmand a

| ow-profile gap 10 having a height in the approxi mate range of 50 [err]m

to 150 [err]m The forned border i : t nbl | d
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o walls 210 and surface 15 form a cavity 220 over the IC chip 1. A sufficiently tight
seal should be provided between the containment walls 210 and the surface 15 to
10  enable a cleaning fluid 230 deposited in a cavity 220 to substantially drain or flow
through the separations between the interconnect bonds 110 into the low-profile gap
140 and exit thrdugh the aperture, 30 as indicated by flow lines 240. In this manner,

flux residues and other undesirable material remaining in those gaps aﬁer reflow can

be removed. )

15 The particular flux cleaning fluid used is not critical to practicing the
invention and should be dependent upon the flux employed during the soldering
process. For instance, if water-cleanable flux is used, such as AMTECH WS 485,
then the corresponding cleaning fluids can be water or water-based. It is also possible
to employ turpentine-based or related cleaning fluids if rosin-based flux, such as

20 AMTECH NC 557, is used in the formation of the interconnect bonds 110.

The size of the aperture 30 should be large enough to enable an adequate flow
rate for the cleaning fluid 230 through the separations between the interconnections
110 and gap 140 to remove the flux residues. Exemplary aperture sizes can be in the
approximate range of 1% to 20% of the IC chip foot print area 40, shown in FIG. 1, if

25 . gravity is relied upon to provide such a flow rate. However, it is alternatively

| pos:sible to employ a smaller aperture 30 if the fluid 230 is forced through such gaps
by creating an elevated pressure environment above the fluid, such as, for example,
by the use of a conventional plunger, or by producing a low pressure environment
beneath the aperture 30. Although the containment walls 210 are depicted

30 surrounding a single integrated circuit chip, i.e., the IC chip 1, it should be readily
understood that a substrate area containing multiple integrated circuit chips having
apertures disposed beneath them can be cleaned simultaneously according to the
invention by providing such walls around the multiple chips as a group.

An alternative cleaning arrangement 250 to that of FIG. 3A is shown in FIG.

35 3B, wherein a cavity is formed by containment walls 260 and a substrate major
surface 255 opposite to the surface 15. In this configuration, fluid can be forced by
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20 An exenpl ary curing process includes subjecting a sol dered

flip-chip assenbly to an elevated tenperature for a period of tine to
enabl e the curing of the epoxy di sposed beneath an I C chip to produce
a cross-linked lowelasticity underfill. By depositing the bead 400
prior to the heat curing step, the heat guring |lowers the Vi scosity

of the epoxy to enable it to nore quickly flowinto the lowprofile gap. 25
Once the gap 140 is filled with the epoxy, the assenbly is heated to a

ticula . temperature fo articul Lt to hi eve t he desired
0oL Lo iy B A R e 50 T A o b
curi % I and uhelsaphratibn betweeh thzrinterconaccs bonds Udes shownfbyslﬂdg}' HﬁésiZgQ. ta5e
asse to el ur roxi.oat e range [r.
Teororr] @ O dvatiRI N Ao iF o8P Bl B Sah S ehcer thd Fdihiod a5 o
hours. The ghuesidugsyor other undesirable evhteriat wmithina perémeter ared of thelICwhipr bt i on

B e M e Wl R A 8 14 Wyl Ml sl 2200 7
et vy et R st it S0 A Gk
a e 1€ ) Sic 0XY, in:
Cep e i "1 profile gap 190 A nowR i F1G 441t is achlrable Fortne Egde?'gﬁ?& o i
~ include a border 310 in an area surrounding the interconnects 110. The border 310
10  should extend from the substrate surface 15 to a level above the interconnect bonds
110 to further reduce shear forces that otherwise could cause at least one of the
interconnect bonds 110 to break. Greater reductions in shear forces could be provided
by employing larger borders 310 extending to higher locations on IC chip sides 320.
However, it is alternatively possible to produce an underfill 300 withouta
15  surrounding border in accordance with the invention albeit providing lesser protection
to the interconnect bonds 110 against shear forces.

An exemplary arrangement for forming the epoxy underfill 300 for the
component arrangement of FIG. 4A is shown in FIG. 4B. In FIG. 4B, a bead 400 of
epoxy is formed on the substrate surface 15 around a perimeter of the IC chip 1. An

20  exemplary method for forming the bead 400 is by dispensing or by stencil printing.
Then, capillary action is relied upon to draw the epoxy 300 into the low-profile gap
140 to produce the completed component assembly shown in FIG. 4A. After the low-
profile gap 140 is filled with epoxy, the epoxy is cured by, for example, exposure to
elevated temperatures or ultra-violet light, to produce a cross-linked low-elasticity
25  underfill.
' . Undesirable air pockets that tend to form the in the low-profile gap in
conventional systems because air displaced by the epoxy as it is drawn into the gap
has no means of escape, can now escape through the aperture 30 of the invention.
Accordingly, the aperture 30 should be of a sufficient size to enable such air pockets
30  toescape. In this manner, the invention substantially reduces the likelihood of the air .
pockets forming in the underfill 300, shown in FIG. 4A. It is possible for the
. resulting epoxy underfill to extend into the aperture 30 without any corresponding
deleterious effects to the assembly.

The barticular low-elasticity material employed should be selected so as to

35 reduce shear forces that would be experienced by the interconnect bonds as a result
of, for example, different thermal expansion rates of the substrate 10 and the IC chip
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35 parti cul ar | y useful in the comrercial production of conponent

assenblies. In FIG 5A, a stencil 500 is placed on the substrate
surface 15 with stencil openings 510 -

10 di sposed over the IC chips 1. The openings 510 in the stencil
shoul d be at |east the 9

1, and is otherwise not critical to practicing the invention. A suitable exemplary low-
elasticity epoxy is a Hysol-type epoxy manufactured by the Dextor Corporation,
‘Olean, N.Y.
The quantity of material used for the bead 400 should enable the formation of

5  the underfill 300 in the low-profile gap 140 as well as the desired border 310. For

instance, an epoxy bead 400 having a thickness on the order of the thickness of the IC

chip 1, such as, for example, in the range of 0.30 mm to 0.80 mm, can be used for

forming the underfill 300 with the border 310 for an IC chip 1 having dimensions in

the approximate range of 0.4 cm x 0.4 cm to 1.5 cm x 1.5 cm and a low-profile gap

10 having a height in the approximate range of 50 um to 150 um. The formed border in
such a component assembly would substantially extend to locations on the IC chip 1
sides 320 proximate the top surface 325.

It is possible for the capillary action that draws the epoxy 400 into the low
profile gap 140 to occur substantially at room temperature. However, a reduction in

15  time for forming the underfill 300 can be achieved by subjecting the assembly to
elevated temperatures to lower the epoxy’s viscosity and increase its flow rate.
Moreover, it is possible to reduce the overall component assembly formation time by
combining the underfill formation step with a curing step of the formation of the
assembly 130 shown in FIG. 4A.

20 An exemplary curing process includes subjecting a soldered flip-chip
éssembly to an elevated temperature for a period of time to enable the curing of the
epoxy disposed beneath an IC chip to produce a cross-linked low-elasticity underfill.
By depositing the bead 400 prior to the heat curing step, the heat curing lowers the
viscosity of the epoxy to enable it to more quickly flow into the low-profile gap.

25  Once the gap 140 is filled with the epoxy, the assembly is heated to a particular
.tempei'ature for a particular time to achieve the desired cross-linking of the underfill
epoxy. An exemplary combined heat curing and underfill formation process includes
subjecting the assembly to a temperature in the approximate range of 140°C to 160°C

+ for a period of time in the approximate range of 0.2 to 3.0 hours. The previously

30  described curing process is for illustration purposes only and is not meant to be a
limitation on the invention. Other curing processes can be used with the invention
including, for example, curing by exp_osuie to ultra-violet light.

. An alternative exemplary arrangement for forming an epoxy underfill is
.- depicted in FIGS. 5A and 5B employs stencil printing the epoxy. This embodiment is

35  particularly useful in the commercial production of component assemblies. In FIG.

5A, a stencil 500 is placed on the substrate surface 15 with stencil openings 510
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size of the 1C chips 1. Also, the stencil 500 should have a thickness of at
{east the hei ght of the lowprofile gap 140. : After the
stencil 500 is positioned over the assenbly, a nmaterial, such as, for 5
exanple, a silica field thixotropic epoxy 520 is deposited over the stenci

500. A sufficient anount of epoxy 520 is deposited on the stencil to
flow info the openings 510 to a heilght of, for exanple, the
| ow-profile gap 140. Capillary action can then be relied upon to

draw t he epoxy 520 | ocated the openings 510 through the spaces
bet ween t he Iatspéséamac&xe@g%ﬁ@slllmﬂ emﬁgps 1@ tB@@t@néxPH&dﬁ[d’Bé atdefitie 140
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510 to a height of, for example, the low-profile gap 140. Capillary action can then be
relied upon to draw the epoxy 520 located the openings 510 through the spaces
between the interconnect bonds 110 and into the open low-profile gaps 140 of the
10 respective IC chips 1. In a substantially similar manner to the arrangement of FIGS.
4A and 4B, as the epoxy is drawn into the low-profile gap 140 in FIG. 5A, the
corresponding displaced air can escape through the aperture 30 instead of forming
undesirable air pockets. Likewise, it is possible for the epoxy underfill to extend into
the aperture 30 without any corresponding deleterious effects to the assembly. A
15 - corresponding completed assembly is shown in FIG. 5B with a resulting underfill 600
and border 610.
Referring back to FIG. 5A, the openings 510 in the stencil 500 should have an
open area that defines an outer perimeter for the desired surrounding epoxy border
610 shown in FIG. 5B. For ease of assembly, it is advantageous to employ a stencil
20 - 500 having a thickness substantially corresponding to the height of the desired border
relative to the substrate surface 15 as is shown in FIG. 5A. In this manner, the
amount of epoxy that needs to be dgpoéited does not need to be accurately measured.
A sufficient quantity of the epoxy 520 only needs to be deposited to fill the stencil
openings 510. However, a larger amount of epoxy 520 can be deposited, such as to
25 . cover the stencil 500 as shown in FIG. 5A. Accordingly, a squeegee can be employed
to wipe off any excess epoxy 520 extending out of the openings 510. Then, the
stencil 500 is removed leaving the epoxy border 610 surrounding the IC chips 1 with
a height substantially equal to the thickness of the stencil 500 as shown in FIG. 5B.
Such a method, facilitates the formation of IC ‘chip underfills for relatively
30 large number of assemblies at low cost. However, it is alternatively possible in
accordance with the invention, to deposit epoxy in each stencil opening 510 to the
desired border height below the thickness of the stencil’s thickness. Such a technique
can be performed without a subsequent' squeegee step.
In either of the epoxy formation techniques of FIGS. 4A and 4B, and SA and
35 5B as well as other embodiments, it is possible to subject the component assembly to
an environment with a higher pressure above the IC chip 1 relative to a pressure

’(D
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Referring back to FIG 5A, the openings 510 in the stencil 500 should have
an open area that defines an outer perineter for the desired
surroundi ng epoxy border 610 shown in FIG 5B. For ease of assenbly,
it is advantageous to enploy a stencil 20 500 having a thickness
substantially corresponding to the height of the desired border

relative to the substrate surface 15 as lls shown in FIG 5A In this
manner, the anount of epoxy that needs to be deposited does not need
to be accurately neasured. A sufficient quantity of the epoxy 520
only needs tboldsetbstespb&tr'ateshrfaoe 225 bppdsite steanajor surface 15 ep pushnyzdrdi the However
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to the above, many modifications can be made without departing from the teaching thereof.
All of such modifications are intended to be encompassed within the following
10 claims. For instance, although the invention has been described with respect to
bonding IC chips and substrates with different coefficients of thermal expansion and
the use of an underfill, it is alternatively possible to employ the aperture of the
invention solely for the cleaning of flux residues without the use of an underfiil or
solely for the addition of an underfill when the solder joints are formed using a flux
15 that leaves little or no residues. An exemplary residue-less solder paste is described
in, for example, U.S. Patent No. 5,211,764, which is assigned to the assignee of the
present invention and incorporated by reference herein.
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desired border hei ght bel ow the thickness of the stencil’ s—t—m—eknes&éw;h—
a techni que can be perforned w thout a subsequent s uee‘%iae ste oo

In either of the epoxy formation techniques of FIGS. 4A IIIHI ”ﬁmﬁm
35 5B as well as other enbodinents, it is possible to s

conmponent assenbly to an environnmeg w th a higher pressure above the
ICchip 1relative to a pressure
This is the replacenent sheet

Claims: :
1. A method for bonding an integrated circuit chip to a substrate comprising:
providing at least one aperture in a major surface of said substrate;
bonding at least two contact pads of said integrated circuit to matching contact
pads on said major substrate surface to form corresponding electrical interconnections
wherein said integrated circuit covers an area of the substrate containing said at least one
aperture, said bonding step forming a low-profile gap between sald integrated circuit and
said substrate; and
forming a material underfill in said low-profile gap between said substrate and
0  said integrated circuit, wherein at least one of said apertures and spaces between said
interconnect bonds provides an escape for air from said low profile gap displaced by said
material during said material formation.

W

2. The method of claim 1 wherein said bonding step forms said low-profile gap
with a height of approximately no greater than 300 um.

5 3. The method of claim 1 wherein the underfill forming step includes formation
of a material border on said substrate surrounding side edges of said integrated circuit.

4. The method of claim 1 wherein said material is an epoxy.

S. The method of claim 1 wherein said underfill forming step comprises forming
a material bead on said substrate adjacent at least one side edge of said integrated circuit,
) wherein capillary action draws said material into said low-profile gap and wherein said
air can escape through said aperture.

. 6. The method of claim 5 wherein the material bead is formed substantially
-~ surrounding the side edges of said integrated circuit.

7. The method of claim 5 wherein the material bead has a thickness substantially
5 between a height of said low profile cavity and a height of a top surface of said integrated
circuit chip.

8. The method of claim 5 wherein at least a portion of the underfill forming step
achieves a sufficient temperature to lower said material’s viscosity.
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bel ow the substrate surface 225 opposite the major surface 15 to pu

draw t he epoxy 520 into the lowprofile gaps 140 t
apertures 30. In another enbodi ment, the epoxy can “ﬁmmm)mmmm" he
gaps 140 through the apertures 30. The i nvention prbvitlest am s

addi tional benefit of enabling coupling of a heat sink to the 5 I C ch| ps
1 through the apertures 30 to provide headt® di ssi pation in a low profile
assenbl y. Al t hough several enbodi nents of the invention have
been described in detail above, many nodifications can be nmade

wi t hout departi n@. fTherméthed vfclaim ﬁ@xnlhecmpnsmg the stepy of coating am environment
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5 10. The method of claim 1 wherein said material formation step comprises:
providing a stencil on said major substrate surface, said stencil having an opening
with a shape at least the size of the integrated circuit chip covering chip;
depositing said material within said opemng to enable it to ﬂow into said low-
profile gap; and
10 - removing the stencil from said surface.

11. The method of claim 10 wherein the material is deposited into said openings
to at least a height of a top surface of said chip. |

12. The method of claim 11 further comprising removing excess material
extending out of said stencil openings by squeeging a top surface of said stencil prior to
15 the removal of said stencil.

13. The method of claim 9 wherein said stencil opening is a size of the chip in
combination with a desired thickness of a material border surrounding side edges of said
chip. ) '

14. The method of claim 10 wherein said material is a silica field thixotropic
20 _epoxy.

15. The method of claim 1 wherein said material is deposited in said gap through
said aperture.

16. A method for bonding an iﬁtegrated circuit chip to a substrate comprising: '
broviding at least one aperture in a major surface of said substrate;

25 bonding at least two contact pads of said integrated circuit to matching contact
pads on said major substrate surface to form corresponding electrical interconnections
wherein said integrated circuit covers an area of the substrate containing said at least one
apertm'e,-said bonding step forming a low-profile gap between said integrated circuit and
said substrate: and | '
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the use of an underfill, it is alternatively possible to enploy the
aperture of the I nvention solely for the cleaning of ll

wi t hout the use of an underfill or solely for the af”ﬂ mnn“mmmmm
underfill. when the solder joints are fornmed using a flux 15 fhat |®aves *
little or no residues. An exerrpl ary resl%due | ess sol der paste is described

in, for exanple, U S. Patent . 5,211,764, which is assigned to the
assi gnee of the pr esent |nvent|on and incorporated by reference

her ei n. ~ flowing cleaning fluid through said gap which either enters or exits through said
aperture for removal of at least a portion of undesirable material from said gap.

17. The method of claim 16 wherein said bonding step forms said low-profile gap
with a height of approximately no greater than 150 um.

5 18. The method of claim 17 wherein said bonding step forms said lov(r-proﬁle gap
with a height of approximately no greater than 100 um.

19. The method of claim 18 wherein said bonding step forms said low-profile gap
with a height of approximately no greater than 50 pum.

20. The method of claim 16 wherein said fluid is a flux residue cleaning fluid.

0 -21. The method of claim 16 wherein said fluid is flowed into said low-profile gap
substantially based on the effects of gravity.

22. The method of claim 16 wherein said fluid is a flowed into said low-proﬁle
gap through said aperture.

23. The method of claim 16 further comprising:
providing containment walls on a major substrate surface opposite said major
substrate surface; '
disposing cleaning fluid in a cavity formed by said containment walls and said
opposite major substrate surface; and
" draining said cleaning fluid through said aperture and into said gap.

wh

- 24. An electrical component assembly comprising:

a substrate provided with at least one aperture and at least one contact padona
surface of said substrate;

‘an integrated circuit chip havmg at least one matching contact pad to said
substrate contact pad wherein said chip covers said at least one aperture and forms a low-
profile gap between said chip and said substrate surface; and

an underfill material formed in said low-profile gap wherein said aperture enables
said material formation substantially devoid of air pockets.
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25. The assembly of claim 24 wherein said formed low-pfoﬁle gap has a height
of approximately no greater than 300 um.

26. The assembly of claim 24 wherein said substrate is a printed circuit board.

27. The assembly of claim 24 wherein said material is an epoxy.
28. An electrical component assembly comprising:
~ a substrate provided with at least one aperture and at least one contact pad on a

surface of said substrate; and
an integrated circuit chip having at least one matching contact pad to said

substrate contact pad wherein said chip covers said at least one aperture and forms a low-
profile gap between said chip and said substrate surface, wherein said aperture facilitates
flow of material into said gap.

29. The assembly of claim 28 wherein said formed low-profile gap has .a height
of approximately no greater than 300 um.

30. The assembly of claim 28 further comprising an underfill material formed in
said low-profile gap wherein said aperture enables said material formation substantially
devoid of air pockets.

31. The assembly of claim 28 further comprfsing a heat sink at least partially
disposed in said aperture and coupled to said integrated circuit chip.
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INTEGRATED CIRCUIT BONDING METHOD AND APPARATUS
Abstract

A technique for enabling sufficient flow of flux cleaning fluids and an underfill
material in the relatively low-profile gap between a flip-chip bonded IC chip and a
5  substrate, such as a printed circuit board, is to provide at least one aperture in the

substrate under the IC chip. The use of such an aperture enables, for example, flux
cleaning fluid to flow through the aperture into the low-profile gap between the IC chip
and the substrate surface, such as by the application of pressure or by gravity, which then
exits through openings between formed interconnect bonds at a sufficient flow rate to

10  adequately remove flux residues. An epoxy underfill to the IC chip can be formed in a
similar manner. For éxample, a relatively thick bead of epoxy, such as on the order of the
thickness of the IC chip, is deposited or stencil printed on the substrate surface around the
edges of the IC chip and capilléry action is then relied upon to draw the epoxy into the

: low-profile gap. Undesirable air pockets which otherwise would develop form the

15  displaced air as the epoxy flows into the low-profile gap can advantageously escape
through the aperture of the invention.

Figure 1
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C ai ns: 1. A nethod for bondlng an integrated circuit chip (1) to a
substrate (10) conpri sing: AR 'provi ding at | east one aperture
(30) in a major surface (15) of the substrate(lO) bondi ng
at least two contact pads (100) of the integrated circuit Chlp (1) to

mat chi ng contact pads (20) on the major surface (15) of the substrate (10)
to formcorrespondi ng el ectri cal |nterconnect|ons (110) wherein the _
integrated circuit (1) covers an area aflthe substrate (10) containing the
at | east one aperture (30), the bonding step formng a |owprofile gap
(140) between thdﬂMhtedrated circuit chip (1) and the substrate (10),
flowing cleaning fluid (230) through the lowprofile gap (140), wherein the
cleaning fluid (230) either enters or exits the | ow profile gap (140)

through the at | east one aperture ( for renoval at |east a portion -
of unde5|rable resi dues fron1the I proflle gap (
I !

FIG. 2
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formng a material underfill (300) in the lowprofile gap (140) between the"
substrate (10) and the integrated circuit chip (1), wherein at |east one of
the apertures (30) and spaces between the electrical interconnections (110)
provi des an escape for air displaced fromthe lowprofile gap (140) by the.
underfill material (300). 2. The nethod of claim1l wherein the

| ow-profile gap (140) has '‘a height | ess than about 300 [err]m 3.
The method of claim1 wherein the underf2Ll form ng step includes formation
of a material border (310) on the substrate (10) surrounding the side edges
of the integrated circuit chip (1).

FIG, 3A
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4. T'he met hod of claim 1 wherein the tjnderfi [ 1

13

material (300) is an epoxy.

5. The nethod of claim 1l wherein the underfill formng step

conprises formng a material bead (400) on the substrate (10) adjacent to

at | east one side edge of the

FIG. 4A
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integrated circuit chip (1), wherein capillary action draws the materi al
into the low profile gap (140) and wherein air can escape through the
aperture (30). 6. The nethod of claim5 wherein the material bead
(400) substantially surrounds the edges of the integrated circuit chip (1).
7. The nethod of claim5 wherein the material bead (400) has a thickess
substantially between the height of the |owprofile gap (140) and a hei ght
of a top surface of the integrated circuft chip (1). 8. The net hod
of claimb5 further conprising the step of heating the material bead (400)
to a tenperature sufficient to |lower the material's viscosity.

FIG. - 5A
| FIG 58
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9 " The method of claim5 futher COITDI;I sn.ng the step of creatingyanes+ IS
S greater abové the nmajor surface (15) of the

< envi ronrrz ,m "I "ﬂﬂ"lﬂ
substr at ,0 an envi ronnent pressure bel ow a substrate

surface oppo ite

10. The nethod of claim1l wherein the naterial formation step conprises:
stencil (500) on the mgjor rface (15) of the substrate (10),
(500) having an opening (510) with a shape at |east the size

gﬁ d circuit chip (1); depositing the underfill

providing a
t he stencil
of th |ntegr
mat eri al
Iomfproflle

t he maj or sugfp‘%&zla of the su

WP hin the opening (510) to enable it to flowinto the

t' the*maj or surface (15) and proximte the aperture (30).

gap (L40method for bondin%an integrated diseait ¢hipq1) toa sabstraed (10 500) from

state (1 0)

providing at lcast one aperture (30) in a major surface (15) of the
substrate (10);

bonding at least two contact pads (100) of the integrated circuit chip (1) to
matching contact pads (20) on the major surface (15) of the substrate (10) to form
cosresponding electrical interconnections (110) wherein the intégrated circuit (1) covers
an area of the substrate (10) containing the at least one aperture (30), the bonding step
forming a low-profile gap (140) between the integrated circuit chip (1) and the
substrate (10),
SN flowing cleaning fluid (230) through the low-profile gap (140), wherein™
the cleaning fluid (230) cither enters or exits the low-profile gap (140) through the at

least one aperture (30), for removal of at lcast a portion of undesirable residucs from the

low-profile gap (140); and

forming a material underfill (300) in the low-profile gap (140) between the

substrate (10) and the integrated circuit chip (1), wherein at least one of the apertures (30)
and spaces between the electrical interconnections (110) provides an escape for air
displaced from the low-profile gap (140) by the underfill material (300).

2. The method of claim 1 wherein the low-profile gap (140) has a height less than
about 300 pm,

3. The method of claim 1 wherein the underfill forming step includes formation of
a material border (310) on the substrate (10) surrounding the side edges of the integrated
circuit chip (1).

4. The method of claim 1 wherein the underfill material (300) is an epoxy.
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5. The method of claim 1 wherein the underfill forming step comprises forming a
material bead (400) on the substrate (10) adjacent to at least one side edge of the
integrated circuit chip (1), whercin capillary action draws the material into the low-
profile gap (140) and wherein air can escape through the aperture (30).

6. The method of claim § wherein the material bead (400) substantially surrounds
the cdges of the integrated circuit chip (1).

7. The method of claim 5 wherein the material bead (400) has a thickness
substantially between the height of the low-profile gap (140) and a height of 2 top surface
of the integrated circuit chip (1).

8. The method of claim 5 further comprising the step of heating the material bead

/(400) to a temperature sufficieat to lower the material’s viscosity.

9. The method of claim 5 furthcr comprising the step of creating an environment
pressure that is greater above the major surface (15) of the substrate (10) relative to an
environment pressure below a substrate surface opposite to the major surface (15) and
proximate the aperture (30). :

10. The method of claim 1 wherein the material formation step comprises:

ﬁ providing a stencil (500) on the major surface (15) of the substrate (10),
the stencil (500) having an opening (510) with a shape at least the size of the integrated
circuit chip (1);

depositing the underfill material (300) within the opening (510) to cnable
it to flow into the low-profile gap (140); and

removing the stencil (500) from the major surface (15) of the
substrate (10).
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