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CURING LIQUID RESIN ENCAPSULANTS OF
MICROELECTRONICS COMPONENTS WITH MICROWAVE ENERGY

Field of the Invention

The present invention relates generally to
micro-electronics components, and more particularly to
packaging for micro-electronics components.

5 Background of the Invention
The continuing trend in the microelectronics
industry is to develop fastexr, smaller, and cheaper
devices. This trend, known as "downsizing", has
required manufacturers to develop new methods of

10 connecting integrated circuit (IC) chips to printed
circuit boards (PCBs) and other devices. An IC chip is
a thin wafer of silicon processed to produce active
solid state devices that are connected to form logic
units, meﬁory storage cells, and the like. _

15 Traditionally, IC chips were packaged in
plastic housings that provided an electrical
interconnection between the IC chip and the PCB on
which it was mounted, provided mechanical strength, and
protected the IC chip from moisture and other

20  environmental hazards. However, to facilitate
downsizing, IC chips have become "package-less" and,
increasingly, are directly mounted to a PCB or other
device. Exemplary package-less mounting techniques
include "flip chip" and "chip on board" (COB). Flip
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Flip chip mounting involves directly

attaching an IC chip to a PCB with the active face of

10 the IC chip down: The connection points from the
internal circuitry of an IC chip are at the "active”
surface of the silicon wafer in the form of small
conductive (typically aluminum) pads. A structure,
referred to as a bump, is placed over each connection

15 point. These bumps typically are formed from solder
and are used to conductively secure the IC chip to a
PCB. In some cases, conductive adhesives are used to
secure the IC chip to the PCB, in lieu of solder. COB
mounting involves mounting an IC chip directly onto a

20 substrate with the active side of the IC chip up.
Wires extending from the active side are connected to
the PCB where necessary.

IC chips directly attached to PCBs via COB

and flip chip are typically mechanically fragile and

25 require protection from moisture and other
environmental hazards. This protection and increased
strength is obtained through the use of liquid resin
encapsulation techniques. Without proper protection,
most IC chips are exposed, during use, to thermal

30 stresses that result from the different coefficients of
thermal expansion of the silicon chip and the PCB
material. For flip chip mounting, these thermal
stresses can cause failure of the solder joints
connecting the IC chip to the PCB. These thermal

35 stresses can also cause failure when conductive
adhesives are used, because conductive adhesives often

do not create as strong of a connection as solder. For
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chip nounting, thébe hhghmetpansion of the PCB (which is typically
formed from some organic-based material) in step with
the low expansion of the silicon chip. 2As a result,
15 the solder joints are no longer exposed to thermal
stresgses. Underfill also makes conductive adhesives a
viable alternative to solder connections because the
underfill material increase the strength of the
connection of the IC chip to the PCB. Both underfill
20 and glob top provide protection from environmental
hazards such as moisture ingress and oxidation. Both
glob top and underfill are preferred assembly
techniques for a variety of electronics products
because they allow manufacturers to make relatively
25 thin devices that are stronger and lower in cost than
traditional plastic packages. .

Resine used as glob top and underfill
encapsulants can cure to a hardened state at room
temperature, but the time to cure can be rather long.

30 Curing these resins by adding heat can reduce, often
dramatically, the time required to cure. In typical
COB and flip chip manufacturing processes, heat is
applied by placing the PCB and IC chip in an oven for
specific periods of time depending on the temperature

35 within the oven. For example, it may take up to
several hours to properly cure an encapsulant between
130°C and 170°C. Unfortunately, the addition of heat
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typically reaction can damage an I hip being encapsulated and
the underlying PCB to which the IC chip is attached.
Alsc, the addition of heat from conventional ovens can
cause stresses to build up in an IC chip being
encapsulated and in the underlying PCB to which the IC
10 chip is attached, which become "locked-in" upon curing
of the encapsulating resin. These stresses result
because of the different coefficients of thermal
expansion for the IC chip and PCB. These locked in
stresses can reduce the performance and life of the IC
15 chip.

Heating techniques utilizing single frequency
microwave energy are known. However, problems such as
arcing and local heating often arise due to the rather
unpredictable nature of conductive materials when

20 exposed to microwave energy. Furthermore, the time
required to cure resin via single microwave energy can.
be too long for many electronic components to withstand
without incurring some damage from non-preferential
localized heating or arcing.

25 Room temperature techniques, such as those
utilizing UV light, are described in Low Stress Aerobic
Urethanes Lower Costs For Microelectronic Encapsulation
(Ed Wienckowski, Dymax Corporation, Torrington, CT).
Unfortunately, the resin must be directly and

30 completely exposed to the UV light to achieve efficient
curing. Because of thé various shapes and
configurations of many electrical components, shadow
problems can prevent the UV light from reaching some
portions of the resin, thereby increasing the time

35 required to cure the resin.
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flip chip mounting techniques without causing damage to
10 an IC chip or PCB via arcing or non-preferential local
heating.

It is another object of the present invention
to reduce the build up and lock-in of stresses during
the curing of resins encapsulating microelectronics

15 components assembled using COB and flip chip.

These and other objects are accomplished,
according to the present invention, by systems and
methode of surface mounting microelectronic components
to rapidly produce microelectronic assemblies having

20 reduced residual stresses therein. The present
invention is particularly applicable to COB surface
mounting wherein an IC chip is secured, with its active
side up, to a PCB and then encapsulated with resin.

The present invention is also particularly applicable

25 to flip chip surface mounting wherein an IC chip is
secured, with its active side down, to a PCB and
encapsulating resin is applied between the IC chip
active side and the PCB. In both cases, the
encapsulating resin is irradiated with variable

30 frequency controlled microwave energy to rapidly cure
the resin and to lock the IC chip and PCB into a low
stress structure that is capable of withstanding
repeated thermal shock and thermocycling. Furthermore,
the cured encapsulating resin protects the IC chip from

35 various environmental hazards. The use of variable
frequency microwave radiation decreases the time to

cure compared with conventional heating techniques.
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expansion of the substrate. Preferably, the curable
resin has a coefficient of thermal expansion less than
the coefficient of thermal expansion of the

greater than or equal

15 mwicroelectronic component and greater than the
coefficient of thermal expansion of the substrate.
The curable resin is swept with one or more ranges of
microwave frequencies to selectively cure the resin and
produce a microelectronic assembly having reduced

20 residual stresses therein. Each range of microwave
frequencies is selected to heat the substrate to a
temperature less than the temperature to which the
curable resin is heated. Also, each range is selected
such that the microwave frequencies within each range

25 do not cause damage to the microelectronic component or
substrate via local heating or arcing. Typically, the
resin is heated to between about 110°C and about 165°C.
The temperature of the resin is typically between about
twenty percent and fifty percent (20%-50%) greater than

30 the heated temperature of the substrate. The resulting
COB assembly has reduced residual stresses compared
with COB assemblies produced using conventional heating
techniques for resin curing.

According to another aspect of the present

35 invention directed to flip chip mounting technigues, an

integrated circuit chip is conductively secured to a

substrate surface such that the active surface of the
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Summary of the Invention It is therefore an object of the
pr esent i nvention to decrease the tinme required to cure

encapsul ating re%'h% 5!§e§z|n'<9p @cg;ﬁlclea QBIaPt npald 6h Svith Itﬁechl ps to
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wi t hout causing %&S&gea*ce é@rﬁébé GE R to cBSBadt MK itHE @hip active
non- preferentgalsur% ace and ggtlsékstrate surface. The curable resin
is swept with one or more ranges of microwave
frequencies to selectively cure the resin and produce a
microelectronic assembly having reduced residual
stresses therein. The resulting flip chip assembly has
10 reduced residual stresses compared with flip chip
assemblies produced using conventional heating
techniques for resin curing. _
The present invention is advantageous for
surface mounting techniques such as flip chip and COB
15 because the time required to cure the encapsulating
resin is decreased. Decreasing time to cure
facilitates increasing overall production rates which
may lead to lower production costs. Furthermore, the
build up and lock-in of stresses caused by conventional
20 heating techniques is reduced because the encapsulant
can be selectively cured quickly and without causing
the temperature of the PCB to rise as much as the IC
chip and encapsulant.

Brief Description of the Drawings
- 25 Fig. 1 illustrates a typical prior art
package for an IC chip.

Fig. 2 is a side view of an IC chip mounted
to a PCB via COB and having a glob top encapsulant
thereon. ’

30 Fig. 3 is a side view of an IC chip mounted
to a PCB via flip chip and having underfill between the
active side of the IC chip and the PCB.

Fig. 4 schematically illustrates a method of
surface mounting a microelectronic component to produce

35 a microelectronic assembly having reduced residual

stresses therein, according to the present invention.
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PCRB.

Figs. 8A, 8B illustrate cure data for various
samples processed with variable frequency microwave
energy in accordance with the present invention.

15 Fig. 9 illustrates curing encapsulating
resins with conventional heat furnaces whereupon the
microelectronic component and supporting structure are
exposed to thermal stresses.

Figs. 10A, 10B, 10C illustrate the build up

20 and lock in of stresses during curing using
conventional heat furnaces. .

Fig. 11 illustrates the use of variable
frequency controlled microwave energy to cure an
encapsulant and to alleviate stresses in a flip chip

25 during curing.

' Fig. 12 illustrates the temperature
differential between an encapsulating resin and a PCB
during the application of variable freguency controlled
microwave energy to cure the resin.

30 Detailed Description of Preferred Embodiments
The present invention now is described more
fully hereinafter with reference to the accompanying
drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be
35 embodied in many different forms and should not be
construed as limited to the embodiments set forth
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conductively secured to a substrate surface, and a portion of the
conmponent andwpefagggSubstrate surface adjacent the corrponen;,%*

encapsul at ed vmt a curable resin. The curable resin e e|t

t hernmosetting or thernoplastic resin. Jhe curable resin my have a
coefficient of thernal expansion | ess than or equal to the coefficient

of 10 thernal expmision ehtthbe, nthésel adiddineatsoapansidvadél so tdaeat er
than or equal to | t tyher a 0 of t he, suhstrate.
q éﬁl%b%%cflogh%@ wPl1 ktlae %rfo%xﬁh gﬁ@ Q?\Jn]% r}g( ﬁ%ﬁ .

Preferably, the cura as a coe ci en i on
| ess than U neEwdar Foavent Lhe pReRa@E &hgansvent bont e t113>se -
m croel ectroni ¢ GxparANtinakbdegaeat er than the coefficient of thernal

expansi on of the substrate errnrl]e cr bl e I’eSIP S_S t, wth one or nore
ypiefL Bict @it and

ranges of M crowave frequenC| D sélecti Ve
produce a m croelR&HAGKK EoFs3enbfychiwiify ildygtrated. r s dhmwist Iesses

thgrel n. Each rartgﬁp:gf tpdcaldyewere §é’<ﬁﬁlé6.n6;b.6ﬁ1h5p§§é@£é %m%sclr%%a}] the
substrate to a r t e e tUI’ to Ich the
Y Lot AR REnESTIELALpL 54 Sy

curable resin |s i°sisaf t he
m crowave fr equerﬁﬁr&lﬂh hpilgsede ha r BER b S@édﬁuedcahlsleetcta.rragmet o the

ni croel ectronie G:ﬁiﬁi%ﬁ?ﬁmtr@hd in ShOSIIAR1CArbAas Nedldilg, 0laAr Ci Ng.
I%EI[E?H% the ;1108 ek D83EEgs [ & Rglavgen; about 110] err ?:h%ré% about
' housings and dlrectly bond microelectronic components,
such as IC chips, to the PCB. The present invention
involves placing a microelectronics component, such an
15 1IC chip, on a PCB, applying an encapsulating resin, and
then curing the resin by irradiating it with variable
frequency microwave radiation.
Referring now to Fig. 4, a method, according
to the present invention, of surface mounting a
20 microelectronic component to produce a microelectronic
assembly having reduced residual stresses therein is
illustrated. Steps include: conductively securing a
microelectronic component to a substrate surface (Block
100) ; encapsulating a portion of the microelectronic
25 component and a portion of the substrate surface
adjacent the microelectronic component with a curable
resin (Block 102); and sweeping the curable resin with
at least one range of microwave frequencies to
selectively cure the encapsulating resin (Block 104).
30 Referring back to Fig. 2, a COB mounting
technique is illustrated. A silicon IC chip 10 is
mounted on a PCB 12 and is encapsulated with a
polymeric resin 14 (referred to as a "glob top"). A
typical IC chip 10 comprises an uncased integrated
35 silicon substrate 16 and external connectors or wires
18 extending from the active side 10a of the IC chip.
The wires 1B are attached to the PCB 12 at appropriate
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flip chip mounted upon the PCB. As is known to those with skill
in the art, the electrical conductors are formed on the
PCB via any suitable process such as photo-imaging,

10 chemical etching, and the like.

In the illustrated embodiment of Fig. 2, the
chip 10 is bonded to the PCB 12 using a suitable
conductive adhesive 20, such as an adhesive filled with
silver. Adhesives, solder and the like, and the

15 devices used to apply them, may serve as means for
conductively securing a microelectronics component to a
substrate surface. The IC chip 10 is electrically
interconnected to the electrical conductors on the PCB
12 via conductive wires 18 formed of conductive

20 material, such as gold, aluminum, silver, copper, and
the like. The wires 18 are bonded to the electrical
conductors using any suitable bonding technique, such
as tape automated bonding, or ultrasonic bonding. The
IC chip 10 and the interconnection with the PCB 12 are

25 mechanically fragile and environmentally sensitive
because of no packaging surrounding the IC chip. The
vpackaging" is provided by polymer-based encapsulants
which are used to add mechanical strength, improve
handling, provide environmental protection, and provide

30 electrical isolation.

Still referring to Fig. 2, once the IC chip
10 and wires 18 are properly bonded to the PCB 12 and
electrical conductors, respectively, a glob-top
encapsulant 14 of resin is dispensed over the bare IC

35 chip 10 including the wires 18 extending therefrom, and
over a portion of the PCB 12 to form a bubble-like
encapsulant structure. Automated dispensers are well
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component with a curable resin. The encapsulant 14 is

10 dispensed while in a viscous state and flows to cover
the desired areas. The encapsulant 14 can comprise any
curable material which exhibits qualities suitable for
encapsulating electronic components, such as being
electrically insulating, moisture resistant, and

15 adhesive to the PCB. Preferably, encapsulants have a
coefficient of thermal expansion less than the
coefficient of thermal expansion of the microelectronic
components and greater than the coefficient of thermal
expansion of the PCBs. As is known to those having

20 gkill in the art, other techniques and devices may
serve as means for applying encapsulating resin to the
IC chip and PCB, such as screen printing. In additionm,
the shape of the glob top can be changed by utilizing
dams surrounding the IC chip, as is known by those

25 skilled in the art.

Referring now to Fig. 3, the flip chip
mounting technique is illustrated. An IC chip 30 is
mounted to a PCB 32 with the active side 30a of the IC
chip facing downwards toward the PCB. Solder bumps 34

30 extending from the various connection points on the
active side 30a of the IC chip 30, are shown securing
the IC chip to the PCB 32. Encapsulating resin 36
(referred to as "underfill") ié.provided between the
active side 30a of the IC chip and the PCB 32,

35 preferably by capillary action. However, the resin 36
may be provided between the active side 30a of the IC
chip 30 and the PCB 32 using other techniques known to
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--8- Figs. 5A, 5B, 5Cillustrate the dispensing of

underfill between the active side of an IC chi p nmount ed to a PCB and

t he PCB. Fig. 6 illustrates the application of 5 variable
frequency m"gbg energy to cure a glob top encapsul gtrusiNbsd o0 top
encapsulant 1s iTlustrated in an expl oded view for clarity.

Fig. 7 illustrates the application of 2yarl abl e frequency m crowave
energy to cure an 10 underfill between tht®active side of an IC chi p and
PCB, hosd! Pien A 188 sl LUSTRALE CAY & SIAIR 0k oV RREQUS

sanpl es processe vmt var.l abl e fre uenc M cr owa energy
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to thermal stresses. g , | OB, 10C I he build
up 20 and | 08k in of streRGednderii 1ca§|W§;° tfy the agkiveneidnadOneat
f ur naces. of the IC Rltip BD ialsl well adesthdeintercohneatiohl 6 the

frequency contr%lggn@aﬁfw Q”ergﬁgtﬁngéktﬁﬂ” 396 1Segggg§%i\% and to

all evi ate stresses urin
useful in preventlng m01sture ingress into the

interconnection of the IC chip 30 and PCB 32. This

10 feature is important when IC chips are adhesively
mounted to a PCB. ' Silver-based epoxy adhesives are
common and can form dendrites in the presence of
moisture. Furthermore, the underfill 36 produces a
very strong bond of the IC chip 30 to the PCB 32 when

15 cured so that the typically lower mechanical strength
of adhesives, as compared with solder, is overcome.

Referring now to Figs. 5A, 5B, and 5C, the
providing or dispensing of underfill 36 between the
active side 30a of an IC chip 30 and a PCB 32 is

20 illustrated. In the illustrated embodiment, underfill
36 is needle-dispensed in liquid form along one or two
sides of the IC chip 30, which is soldered to the PCB
(Fig. 5a). Capillary action pulls the underfill 36
under the entire IC chip 30 (Fig. 5B). Fillets 38 may

25 be added as shown in Fig. 5C, and the underfill 36 is
ready for curing. A syringe-like needle may serve as
means for applying resin. Other techniques and devices
may serve as means for applying encapsulating resin to
the IC chip 30 and PCB 32 such as screen printing.

30 Screen printing techniquss are described in Advances in
Packaging & Assembly Po. mers (Dr. Ken Gilleo, Alpha
Metals, Cranston, RI), v _ch is incorporated herein by
reference in its entirety. ' _

A particularly suitable class of

3S encapsulating resins, for both COB and flip chip
mounting techniques, are thermosetting resins. By the
term, "thermosetting", it is meant that the resin



Fig. 12 illustrates the tenperature differential between an

encapsul ating resin and a PCB during the application of variable
frequency controll ed m crowave energy to cure the resin. 30
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were.secured wthin asti ¢ housi ngs
encapsulating re31ns for both glob top and underfill.

Suitable resins include unsaturated polyesters,
phenolics, acrylics, silicones, polyurethanes,
polyamides and the like, and mixtures and blends

10 thereof. Resins can include various additives commonly
employed with thermosetting and thermoplastic resins
such ag fillers, curing agents, colorants, pigments,
thickening agents, and the like.

For flip chip mounting, the encapsulating

15 resin preferably has good adhesion to both the IC chip
and the PCB. Preferably, encapsulating resins for both
flip chip and COB have high glass transition
temperatures, good adhesive properties to various
materials, good chemical resistance, low moisture

20 absorption, good mechanical strength, high modulus, and
high ionic purity. As is known to those having skill
in the art, modulus is a measure of stiffness and is
related to the chain length or the cross-link density,
chemical composition and molecular structure. A high

25 modulus polymer is stiff and resists deflection. Ionic
purity is important because polymers with high ionic
content can accelerate corrosion of circuitry and chip
metallization. Preferable material characteristics of
an encapsulating resin for underfill are described in

30 Advances in Flip-Chip Underfill Flow and Cure Rates and
their Enhancement of Manufacturing Processes and
Component Reliability (Daging M. Shi and James W.
Carbin, Thermoset Plastics, Inc., Indianapolis, IN),
which is incorporated herein by reference in its

35 entirety. Preferably, encapsulating resins for
underfill have a coefficient of thermal expansion less

than the coefficient of thermal expansion of the IC



having a plurality of |legs configured to be inserted . t hrough holes in a
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at appropri ate glob top encapsulant, prior to curing with microwave
energy 40, is dispensed on top of the microelectronics
component 10 and the underlying PCB or substrate 12.

158 Variable frequency microwaves can rapidly and
uniformly cure the encapsulating resin for a variety of
surface mounting techniques including COB and flip
chip, without adversely affecting the IC chip,
electrical conduc¢tors, wires, or PCB encapsulated

20 therewithin. Single frequency microwave energy and RF
‘energy may be used in combination with variable
frequency microwave energy in certain applications, as
long as the selected single frequency does not cause
damage to the various components.

25 The use of variable frequency microwave
energy wmay be combined with other curing techniques
such as applying hot air to the encapsulating resin.
The present invention is advantageous over slower prior
art curing methods wherein the IC chip and PCB assembly

30 are typically moved to an oven and heated to high
temperatures (typically between 130°C and 170°C) from
about thirty (30) minutes up to about several hours in
some cases.

Referring now to PFig. 8A, the time to cure

35 various samples with variable frequency controlled

microwave energy, in accordance with the present

invention, as compared with conventional methods is
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-10- connection points, as illustrated. A PCB 12 typically
conprises a flexible or rigid electrically insulating mat erial, such
as, but not limted to, a fibergl ass- reinforced resin or ceramcs,
upon which a pajémeof S electrical conductors (not shown)p@f/Bsy7REsIRd t O
I nt erconnect individual conponents which will be nmount ed upon the PCB. "
As is known to those with skill in thejact, the electrical conductors
are formed on the PCB via any suitable process such as photo-i maging,
10 chem cal et chigypulanedt.hevhrkeéus PCBs having vakbotidecitdwisd r at ed
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measurement of the glass transition temperature by

10 measuring the change in the heat flow rate accompanying
any changes in the material. After heating with
variable frequency controlled microwave energy, the
samples were frozen until the degree of cure was
measured. As shown in Fig. 8A, the samples processed

15 with variable frequency controlled microwave energy, in
accordance with the present invention, reached cure in
significantly less time than comparable samples
processed with conventional heat, and at a lower
temperature. . Fig. 8B illustrates the results obtained

20 for a variable frequency controlled microwave processed
sample at 165°C for two minutes. The temperature of
the IC chip on each PCB was monitored throughout the
cure cycle. As illustrated by the thermal profile, a
high heating rate on the IC chip occurs leading to

25 generally defect-free curing of the underfill
encapsulant.

Conventional curing using heat causes
stresses to build up within an IC chip, as a result of
the different coefficients of thermal expansion of the

30 IC chip and PCB. These stresses become locked-in upon
curing of the encapsulant. Typically, a PCB has a
higher coefficient of thermal expansion than that of an
IC chip or other microelectronics coﬁponent mounted
thereto. As shown in Fig. 9, the IC chip 30, PCB 32

35 and encapsulant 36 are all heated to the same
temperature within conventional heat furnaces. The IC
chip temperature (T.) and PCB temperature (T,) are the



| C chip 10 and the interconnection with the PCB 12 are 25 nechanically
fragile and environnentally sensitive because of no packagi ng
surrounding the 1 C chip. The "packagi ng" is provided by pol ymner-based
encapsul ants which are used to add nechani cal strength, inprove

handl i ng, pryyiossssdvi ronnental protection, and provide 30 {ééﬁy
I sol ati on. Still referring to Fig. 2, once the chip 10

and wires 18 are properly bonded to the PCB 12 and el ectrical -
conductors, respectively, a glob-top encapsul ant 14 of resin is

di spensed over jhRe has aHC t3mpehiaRuil Wichidlivie thgwikesrlB (ﬁ{&fi‘?{a.di ng
therefrom and pover_ a porbLon Q& [hg‘PQB 2 tq forma bupble-I¥i ke
encapsul ant st rORRHRY A SRRy pensérs e wePpventional hgstg7/38441

PCT/ US97/ 05828 furnaces do not have the capabilityl to seleckboshy byedthose

havi ng skill incthSorddts At maeERiany. autonat ed di spenser is an Asyntek
system whi ch_i s prograqyed,to di spense, an %gpro ri at e adhesive
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encapsul ant Pn the desir &Fi3EaPPoROWeF? HEtg8:s | 398.510€gptkmcapsul ant
or an underfil | beihbdpguland lockAin ofadtesisss disipensenventvesans neans for

encap$U|ating 8heat furnaces is illustrated. The IC chip 50 has a low
coefficient of thermal expansion and the PCB 52 has a -
high coefficient of thermal expansion. During heating
10 and cooling, the IC chip 50 and PCB 52 expand and
contract by different amounts causing stresses (Figs.
10A, 10B). As shown in Fig. 10C, a result of this
differential expansion and contraction is that the IC
chip 50 may warp or bend. When the encapsulating resin
15 (not shown), either glob top or underfill, cures, this
warpage and the associated stresses are locked-in
within the IC chip 50 and substrate 52.
The use of variable frequency microwave
energy to cure an encapsulating resin helps alleviate
20 stresses during curing. This is because the frequency
or range{s) of frequencies can be selected so that the
encapsulant and IC chip are selectively heated without
heating the PCB to the same temperature. This is shown
in Fig. 11, wherein the PCB 52 has a lower temperature
25 (T,) during curing than either the temperature (T.) of
the IC chip 50 or the temperature (T,) of the
encapsulant. Because the temperature (T,) of the PCB 52
is not as high as the temperature (T,) of the
encapsulant and the temperature (T.) of the IC chip 50,
30 the expansion and contraction of the PCB 52 is not as
great as when the entire IC chip and PCB assembly is
heated. When variable frequency microwave energy is
applied, according to the present invention, the
encapsulant temperature (T,) is generally equivalent to
35 the IC chip temperature (T,). Both the encapsulant
temperature (T,} and the IC chip temperature (T, are
greater than the PCB temperature (T,) and the



porfion of a m croel ectronic conponent and a portion of a substrate

surface adjacent the m croel ectronic conmponent with a curable resin.

The encapsul ant 14 is 10 dispensed while in a viscous state and flows to

cover the desired areas. The encapsul ant 14 can conpri se any
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with the active gden OéuPingh@aA %e coﬁauatéacwgtﬁ@%&fés dgovard the
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preferably by capillary action. the resin 36 be prOV|ded
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ot her techni ques viardableofrequency controlled microwave energy, in
accordance with the present invention, has been
observed to be on average 918 millimeters (mm) with a

15 standard deviation of 25.13. This is an improvement of
50% over similar samples processed using conventional
heating.

In addition, the cure rate of encapsulating
resin has significant effects on the properties of the

20 end product. Warpage of an IC chip can result from
exposure to the high temperatures required to cure the
resin. Furthermore, it is necessary to keep cure
temperatures below the reflow temperature of solder.
The use of variable frequency controlled microwave

25 irradiation allows the appropriate frequency or.
range (s) of frequencies to be selected to rapidly cure
the encapsulating resin without causing the IC chip to
warp and without reaching the reflow temperature of
solder.

30 When heated via variable frequency microwave
enexrgy, the temperature of a PCB containing IC chips is
high in the area of the IC chips and the encapsulating
resin, and low in areas not containing IC chips.
Typically, when using variable frequency microwave

35 energy to cure underfill encapsulating resins for flip
chip mounting, the temperature of the encapsulating
resin and IC chip may be elevated to 160°C and higher.
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-12- those with skill in the art. As is known to those havi ng
skill in the art, additional resin material can be applied around the
peri phery of the 1C chip 30 to formfillets before the application of
gl ob top. The underfill 36 protects the activ

the IC chip§§89as mell as the interconnection of the %C%hgp aﬁ% PCB
32. The underfill 36 is especially uggful in preventlng noi sture
ingress into the i nterconnection of the IC chip 30 and PCB 32 ThIS 10
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The variation of the temperature of a PCB may
depend on various factors including the thickness of
the PCB, thermal conductivity of the PCB material, and
the printed circuit geometry on the PCB. The variation
of the temperature of the PCB when compared to that of
the IC chip/encapsulating resin area during a cure
process carxied out at about 160°C is in the range of
about forty percent to eighty percent (40% - B0%) of
the encapsulating resin cure temperature.

A variable freguency microwave furnace may
serve as means for sweeping resins with at least one
range of microwave frequencies to cure the resin. A
particularly preferred variable frequenéy microwave
furnace is described in U.S8. Patent No. 5,321,222, to
Bible et al., the disclosure of which is incorporated
herein by reference in its entirety. A variable
frequency microwave furnace typically includes a
microwave signal generator or microwave voltage-
controlled oscillator for generating a low-power
microwave signal for input td the microwave furnace. A
first amplifier may be provided to amplify the
magnitude of the signal output from the microwave
signal generator or the microwave voltage-controlled
oscillator. A second amplifier is provided for
processing the signal output by the first amplifier. A
power supply is provided for operation of the second
amplifier. A directional coupler is provided for
detecting the direction of a signal and further

a



(Fig. 5A). Capillary action pulls the underfill 36 under the entire IC
chip 30 (Fig. 5B). Fillets 38 may 25 be added as shown in Fig. 5C, and the
underfill 36 is ready for curing. A syringe-like needle my serve as
means for applying resin. O her techni ques and devices may serve as

means for applyighegscapsul ating resin to the 1 C chi p 3@caRkotiésss32
such as screen printing. 30 Screen printing techniques are described in

Advances in Packagi ng & Assenbly Polyqgrs (Dr. Ken Glleo, Al pha
Metal s, Cranston, RI), which is incorporated herein by reference inits
entirety. directind tiher kionhardepentdimplon ehasaefécB88aencapsul ating

resins, for bothyGB and flip ebip,; t_i@gte hni ques, are
t hernosetting re%Jf ns. Ey t hnge Fer%\a" er'r?qsgft %ﬁaaﬁ%}ﬁdi s ‘meant t hat
the resin amplifpeas syughias, but not limited to, a traveling

PCT{U597/05828" wave tube (TWT), tunable magnetroh3- tunablé KBy &D! Y
agent's,  such 3s RN aystEBho Bhd £iiipte oV¥pREPA: TR, YDA | cul arl y
suitabl e cl saweest a rangeseft freauengies afeuppbri @8. od¢rave in
bandwidth spanning the 300 MHz to 300 GHz frequency
range.
Appropriate use of variable frequency
10 wmicrowave curing, as disclosed herein, enhances uniform
curing from one group of microelectronic components to
the next because placement within the microwave furnace
is not critical. By contrast, with single frequency
microwave curing, each group of encapsulated components
15 typically must be oriented precisely the same way to
achieve identical curing time and quality. Another
advantage of using variable frequency microwave curing,
as disclosed herein, is a reduction of the effects of
thermal stresses. By selecting frequencies that cure a
20 particular encapsulant without causing excessive
heating of the encapsulated component and underlying
substrate, damage from thermal stresses may be reduced
or avoided. The present invention facilitates short
curing times and selective heating of an encapsulant
25 without substantial heating of the PCB. Using the
present invention, materials adjacent to a surface
mounted microelectronics component having coefficients
of thermal expansion different from that of the
microelectronics component, do not have enough heat or
30 time to excessively expand or contract. As such,
thermal stresses do not become locked-in upon curing of
the encapsulating resin.
The practical range of frequencies within the
electromagnetic spectrum from which microwave
35 frequencies may be chosen is about 0.90 GHz to 40 GHz.
Every group of encapsulated components irradiated with
microwave energy typically has at least one range or
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in 30 Advancescompéhent Cupstrasef i br &#pacentd compenRates aRdwindow heir

Enhancenent 4 gf U WHd Ryidgh ggsggmggﬁg t Qg@& Bellablllty
(Daqi ng M Shi g/ﬁ% J?g); 9 Ther; cset o

| ndi anapol i s, | ryVWﬁQQ1“%§eFﬁég 58?%?%&F%ﬂﬂwa ﬁ H?nF8VeW@KC%1??||ts 35
entirety. Pref evamrydemmpwloatt thg naturs dnd configmgetfiphl ohasweba

coefficient of é&ﬁﬁ&@én@nﬁr&lﬁnal @sfponent MBthdhenaaehhi ¢beshigf ther nal
expanS|on of thg | C

eing encapsulated. Sub-components may have different

15 windows of damage-free frequencies, as well. An
encapsulated IC chip or component may have a sub-
component therein requiring a narrow window of
frequencies, and a sub-component therein requiring a
wide window of frequencies. The selection of a damage-

20 free window for a particular IC chip or component is
typically obtained.either empirically through trial and
error, or theoretically using power reflection curves
and the like.

Within a window of damage-free frequencies

25 for a particular encapsulated microelectronics
component, it is generally desirable to select the
frequencies that result in the shortest time to cure.
Preferably, a group is processed with a subset of
frequencies from the upper end of each window.

30 Typically, more modes can be excited with higher
frequencies than with lower frequencies which means
better uniformity in curing is typically achieved.
Additionally, more microwave energy absorption and less
microwave penetration depth, results in shorter cure

35 times. However, any subset of frequencies within a
window of damage-free frequencies may be used.



VO 97/ 38441 PCT/ US97/ 05828
-14- chip and greater than the coefficient of thernal expansi on of
t he PCB. According to the present invention, after an

encapsul ant is dispensed over an IC chip (COB) or is

5 applied as underf

i1l (flip chigigoenisksshs cured rapidly to a solid formby péfashabdgd it
wth m crowave energy. Preferably, variable frequency m crowave :

energy 40 is applied to cure the encapsul agf_as shown

in Fig. 6 for COB

and Fig. 7 for flip chip. In Fig. 6, 10 the glob top encapsulant 14 is
shown in expl oded view  Mi®y cInidneyitshenayesire i irsdibildedde wanger st ood

that th | ob; t @A | L L P
ooy 20, i s ar BERBAEDE A tnadll Wl ct 10 el Mol Ik BrflBEee 0

energy 40, is dispense

roni cs

the underlying PEBtBinsupieh A% eprappglant will cungwighouts caygéngy
m crowaves can rggindby 86dthe campdnentl wreunet heincansthakieng pgsin for a

I et f f ' ' L.nel udi na, fli hi p,
W thout adver el Y ARPLEr 4 Theene dhell T8 thp s Mo iBinoriPe wiros,

w t hout adver Se

ectln?
or PCB encapsul aFenpoperhe

elfhen FOBSPrgEip r elafiiphoyayriker dwawdishedgy and

RF with microwave energy without damage between 3.50 GHz

and 6.0 GHz, and may also be irradiated without damage
between 7.0 GHz and 10.0 GHz. The availability of
10 additional windows provides additional flexibility for

achieving rapid, yet damage-free curing. Often times,

complex geometrical configurations and material

combinations are encountered which may actually shrink

or close a particular window of frequencies available

15 for processing. The availability of alternative
windows permits encapsulants to be irradiated with

microwave energy without having to resort to other

curing methods.

Preferably, the step of curing is performed

20 by "sweeping" the encapsulant with variable frequencies :

from within a particular window of damage-free

frequencies. The term "sweeping”, as used herein,

refers to irradiating the encapsulant with many of the

frequencies within a particular window.

Frequency

25 sweeping results in uniformity of heating because many

more complementary cavity modes can be excited.

Sweeping may be accomplished by launching the different

frequencies within a window either simultaneously, or

sequentially. For example, assume the window of

30 damage-free frequencies for a particular encapsulated

component is 2.60 GHz to 7.0 GHz. Frequency sweeping

would involve continuously and/or selectively launching

frequencies within this range in any desirable

increments, (e.g., sweeping between 2.6 and 3.3 GHz)
35 such as 2.6001 GHz, 2.6002 GHz, 2.6003 GHz ... 3.30
GHz, etc. Virtually any incremental launching pattern

may be used.



energy may be used in conbination with variable frequency m crowave
energy. in gertain applications, as |l ong as the selected single
frequency does not cause darmage to the various conmponents. 25
The use of variable frequency m crowave energy may be conbined with

ot her curingﬁ;;ﬁﬁgﬁques such as applying hot ‘air to thgcﬁﬂgﬁmgﬁkating
resin. e present invention is advantageous over slower prior ar-t

curing methods wherein the I C chip and Bg%_assenbly 30 are typically noved
to an oven and heated to high tenperatures (typically between 130[err]C

and 170[err] Q) from  gpaubabbl &f Vi tHoWieTeUBnt Of ARQInSRYPT Al houT S

in SONMe cases. ) fFtefe ring nowto Fig, 8A "the time to cure
35 various sanpies MYTHES tEpFe ??‘éﬁ%e‘%&%% r GPPERLNY T3R%r ol ener gy,
i n accordance wtdte may pecsent value| niveritidimg, abutonpar kinitidd tegnvent i onal

met hods i s millis¥doRde3848donds, and minutes. Preferably, the _
PCT/ US97/ 05828 t abul at ed. Vari ous

. . . - 15 .
PCBs havi ng YarfifP &3reuitf 28 rﬁﬁﬁﬁiiﬁuﬁﬂﬁ95ﬁ§aihg?éoﬂ BRI TE ahi ps
mounted via fligesin. clihe andfQOBiwers pHrcedsinghaffarded imbl e frequency

frequency sweeping, provides flexibility in how
encapsulated IC chips or components are oriented within
the microwave furnace. Maintaining each encapsulated

10 component in precisely the same orientation is not
required to achieve uniform processing.

The foregoing is illustrative of the present
invention and is not to. be construed as limiting
thereof. Although a few exemplary embodiments of this

15 invention have been described, those skilled in the art
will readily appreciate that many modifications are
possible in the exemplary embodiments without
materially departing from the novel teachings and
advantages of this invention. Accordingly, all such

20 modifications are intended to be included within the
scope of this invention as defined in the claims. In
the claims, means-plus-function clguse are intended to
cover the structures described herein as performing the
recited function and not only structural equivalents

25 but also equivalent structures. Therefore, it is to be
understood that the foregoing is illustrative of the -
present invention and is not to be construed as limited
to the specific embodiments disclosed, and that
modifications to the disclosed embodiments, as well as

30 other embodiments, are intended to be included within
the scope of the appended claims. The invention is
defined by the following claims, with equivalents of
the claims to be included therein.



m crowave oven. The di mensions of The PCBs were 5 general ly about six
inches by four inches (6"Th?§8ﬂé'e)HasBeenﬂE‘feee of cure was neasured using

Differential Scanning SC) t echni ques, which are known to
t hose having skill in ﬂH \ I
the gl ass tragpgisdigal t enpe

so enabl es the measur enent of
asuring the change pctiisdmstsgat

fl ow rate acconpanyi ng any changes in the materiatl. After heating

W th variabl e frequency controlled m_ghowave energy, the sanpl es

were frozen until the degree of cure was measured. As shown in Fig. 8A

the sanpl es processed 15 with variable €Lagusncy controll ed m crowave

energy, in accordance with_the present invention, reached cure in

significantly less tinme tRan cBrpaiied £k Aptase moupkiResRed with

conventi onal heaiicrued ezit rank oweomponente e rapiddy prgdudd al | ustrates the

resul ts obtaine r : @ YERA% e ' wave processed

sanpl e at 165[eg?]]z%tz{eg“rect%v%ﬁ%ng%ges{\gﬁﬂe tengggg%\re%ho?eglﬁt e C chip on

each PCB was Porétxasses iheughBut S3H method, compydpang skhe | $%RRS Afsd by the

thermal profile, a hi gbhnbaativgly asecaniriche hicebepeoeesnic | eadi ng to
25 general |y defect free euribng,plthe. undsddel encapsul ant .
Conventi onal curing using heat causes Stresses to build up within an IC

chip, as a result of ereappFriat g = RINGIOPeREsSBEAt her mal expansi on of
the 30 | C chip aftki¥eh ecHiontcstonsanentbanaima poeckedni af ugoid curing of
t he encapsul apt. _Tvnl I Np¥ L.clent of thernmal
expansi on thgﬁ t%%%&o aqgfn)é?r?aF%B%ﬁﬁcort ostahl?r m%ggfgggé%%ﬁéﬁ?cs conponent
nmount ed t her e@rponRnts Mdkh AnCEFaPle resim: @néhip 30, PCB 32 35 and
encapsul ant 36 are all heaWwedplifigt 8®idadfrable tre@par @itheatwi Idddt one
conventi onal hea%aﬁégr3¥:%ﬁtrzugvéc%requencies to selectively cure said
encapsulating resin, thereby producing a
15 microelectronic assembly having reduced residual

stresses therein.

2. A method according to Claim 1 wherein
gaid curable resin has a first coefficient of thermal
expansion and said substrate has a second coefficient

20 of thermal expansion, said second coefficient of -
thermal expansion greater than said first coefficient

of thermal expansion.

3. A method according to Claim 1, wherein
said curable resin is a thermosetting or thermoplastic

25 resin.

4. A method according to Claim 1 wherein
said at least one range of microwave fregquencies is
selected to heat said substrate to a first temperature
and to heat said curable resin to a second temperature,

30 wherein said first temperature is less than said second
temperature.

™ e | IRy




chlp tenperature (T[err]) and PCB tﬁﬂ’perat—we—ﬁm +1)- are the WO
97/ 38441 [ AS97/ 05828

-16- sane as the terrperature W t SShetHas cch b (T[err]) during
heating and cooling (T[err] Tlerr] lﬂ | m entional heat
furnaces do ngye t he capab| lity t eat ts or
materi al s. vg(%w 1 Referring now to Figs. 10A, 10B, . e

build up and | ock-in of stresses using co:pventlonal heat furnaces is -
illustrated. The 1 C chip 50 has a | ow Yoefficient of thernal expanS| on

and the PCB 52 has a ol ghacREhbE! s0kofd; g%ywlmpanaggpelw'

heating 10 and cooling, the IC chip 5 expand tract
by different an®id Se2aRd fGTPerasure {Fll@%t“’een ai’@Rt POB) andsakewian in
Fig. 10C, a ressbt gfedtdrs than enbBicfenst atempega@itairen and contraction is
that the IC chip 50 may warp or bend. When the encapsul ating resin 15
(not shown), either glob top or underfill, cures, this war page and the
associ ated stresses are l%cked PREROA AFePrdinedo €lepmplswhereinubst rat e
52. 5 saidhe Usmsaf oner rabge &f eglerumwavie CreyBeAcies £8e4gy to

cure an encapsulfilag (LY 8RS BE! fYéAlGave frequencies.

7. A method of surface mounting a
microelectronic component to rapidly produce a
microelectronic assembly having reduced residual

10 stresses therein, said method comprising the steps of:
conductively securing an integrated circuit
chip to a substrate surface;

encapsulating said integrated circuit chip
and a portion of said substrate surface adjacent said

15 integrated circuit chip with a curable resin, wherein
said curable resin has a coefficient of thermal
expansion between thermal expansion coefficients of
said substrate and said integrated circuit chip; and

sweeping said curable resin with at least one

20 range of microwave frequencies to selectively cure said
encapsulating resin, said at least one range of
microwave freqguencies selected to heat said substrate
to a first temperature and to heat said resin to a
second temperature, wherein said first temperature is

25 less than said second temperature, thereby producing a
microelectronic assembly having reduced residual
stresses therein.

8. A method according to Claim 7, wherein
said curable resin is a thermosetting or thermoplastic
30 resin.

9. A method according to Claim 7 wherein
said second temperature is between about 20% and about
50% greater than sa:d first temperature.

THIS SHEET HAS BEEN
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20 étresses during curing.” This is because t he frequency or range(s) of
frequenci es can be sel ect ed‘hnSSheEthh’tsB&ehaeﬂlaced encapsul ant and I C chip are

sel ectively heated wi thout PCB to the sane tenperature.
This is shown in Fig. 11

PCB 52 has a | ower tenperature 25
(Th) during cygsiagsdshan eith errperature (Tlerr]) of pcrnisdfedsis chi p

50 or the tenperature (T[err]) of the encapsul ant. Because the
tenperature (T[err]) of the PCB 52 is_pgt as high as the tenperature
(T[err]) of the encapsul ant and the tenperature (T[err]) of the IC chip

50, 30 the expansion and gent rmﬁétqrbd)facbbedf’@ &2 ¢f§a1ri\9t7 dhereindl €at as
when the entire IC (éhle nd_ Cangsrsa{annbe Ve Sic Ie When var.i abl e
frequency m cr owd¥ee ergyal S S &F, A8 or%l %ggf%q‘f%l&seégnﬁ

i nvention, the Plue’néapyubﬁnl’am@?ﬂ)é?faW}Fe’O@?Y@rfT?qli@ncgl@ﬁer al ly equi val ent
to 35 the IC chip tenperature (T[err]) Bot h the encapsul ant

tenperature (T[err]) and t Chl erature (T are greater
than the PCB tenperature (tT]?errg]\ F? surtace m%/ﬁ@!f;gs 8441
PCT/ US97/ 0582% microelectronic component to rapidly produmeper ature (Tf)
wi thin the furnaggckbeeettrodi@rddsemblilyehblriig Thefiddd resiffiad result,
stresses |nparted ugggeghghégéfﬁvr);¥ﬁ mé%hod comprising the steps of:
conductively securing an integrated circuit
chip having an active surface to a substrate surface,
10 wherein said integrated circuit chip active surface is
in opposing spaced apart. relation with said substrate
surface;
providing a curable resin between said
integrated circuit chip active surface and said
15 substrate surface, wherein said resin is in contacting
relation with said integrated circuit chip active
surface and said substrate surface, wherein said
- curable resin has a coefficient of thermal expansion
between thermal expansion coefficients of said
20 substrate and said integrated circuit chip; and
sweeping said curable resin with at least one
range of microwave frequencies to selectively cure said
encapsulating resin, said at least one range of
microwave frequencies selected to heat said substrate
25 to a first temperature and to heat said resin to a
second temperature, wherein said first temperature is
less than said second temperature, thereby producing a
microelectronic assembly having reduced residual
stresses therein.

30 12. A method according to Claim 11, wherein
said curable resin is a thermosetting or thermoplastic

resin.
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interface with the PCB 52 are mnimal. Upon curing of the encapsul ant
54, mninmal stresses athash&alraecednmte acedt he interface of the flip chip and

| C chip 50. sgenerated within an I C chip
during curing can be co e radi us of curvature of the IC
chip after has en ace Optical interferone used
to neasure t%ﬂgui%g‘radi us of curvature exhibited by an IC Ch{:ﬁmﬁ%@gﬁﬁ :
radi us of curvature neasured on |IC chips 2t%rocessed W th vari abl e
frequency controlled m crowave energy, in accordance with the present

nvention, has been  af3ser yeflebfoRCa Qb RURHAES BB 11 IMRLALS, (M) with

a 15 standard devjation of 25.13. This,is an i'nprovenent of % over
similar sanpl esSPHORRETH FEMRGTEEHTEN ween apouti g% and about I'n
addition, the cin%e gwisrenf thacapsidafingt tempegsitmrkas significant effects
on the properties of the 20 end product. Warpage of an I C chip can result
from exposure to the high te tures re uired to cure the resin.
Furthernore, it is necessdry f"omggg‘b RFPraing & Lrainr 3 WRETRIT he refl ow
tenperature 9f saidlat leasthaeusangé o miadrowatiee furegagncded rid led

m crowave 25 iréﬁ%ﬁl ect é%\q?eghgfiatgféwa@t %rfe&tﬁ%l{@?&é’ or range(s)

of frequencies o rap y cure e encapsul ating resin
wi t hout causing the IC chip to warp and wi thout reaching the refl ow

t enper at ure of sol dens.30A method accdffiimgheat ellavinalvafuadter f r equency
m cr owave LeRELAt Yk €y @HP{:@ (o] I Sis

high in the ar ea O%Vtﬁthqe %ﬁ ﬁand t eo en s% %B@%Qbﬂgd ‘%@Jr&r{p and | ow

in areas not cofRid riYphle EﬁFﬁE‘ Prl°r'l'§&)|9@d1 fte@héﬁ E@?%%rﬁ@@e
frequency nicr oiyteydted rdrgyit ochinp canthdatstiraten@adphuhat 1wgsy Qﬁiens for

flip range of microwave frequencies.

16. A system for surface mounting a
microelectronic component to rapidly produce a
microelectronic assembly having reduced residual

15 stresses therein, said system comprising:

means for conductively securing a
microelectronic component to a substrate surface;

means for encapsulating a portion of said
microelectronic component and a portion of said

20 substrate surface adjacent said microelectronic
component with a curable resin; and

means for sweeping said curable resin with at
least one range of microwave frequencies to selectively
cure said encapsulating resin, thereby producing a

25 microelectronic assembly having reduced residual

stresses therein.

17. A system according to Claim 16 wherein
said means for sweeping said microelectronic component
and substrate with at least one range of microwave

30 frequencies comprises means for sweeping with a
plurality of ranges of microwave frequencies.

THIS SHEET HAS BEEN
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chip nounting, the tenperature of the encapsul ating resin and 1 C chip
may be elevated to 160[err] C and hi gher. - WD 97/ 38441

PCT/ US97/ 05828 ) - 18- The remai nder of
the PCB typically remains at a | ower tenperature in the range of about
100[err]C to 140Lerr C. Fig. 12 illustrates this. The tOP é¥@5%§ :
represents t h&V0 973 nperature of an encapsul ating resin dur ﬁ@“ afrable 5
frequency m crowave processing. The bottom curve 77 represent the
tenperature of the PCB upon which an | c1/9 chip is encapsul ated via the
resin. Time in seconds is plotted along the X axis 80 and tenperature

i n degrees Centigrade is plotted along the Y axis 82. 10 The
variation of the tenperature of a PCB may depend on various factors

i ncludi ng the thickness of t he PCB<XPRermal conductivity of the PCB
material, and the printed circu ek on the PCB. The variation
hat of 15 the IC

Ay ocess carried out at

iy percent to ei ghty

&N cure tenperature.

chi p/ encapsul ating resin area durfR
about 160[err]Cis in the range o 5%
percent (40% - 80% of the entapsty s

RSO FA7
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A vari abl e frequency m crowave furnace may 20 serve as neans for sweeping

resins with at |east one range of m crowave frequencies to cure the
resin. A particularly preferred variable frequency n crowave
furnace is described in U S. Patent No. 5,321,222, to Bible et al., the
di scl osure of _which is incorporated 25 herein by reference [N 1{s
entirety. A V’é’r%’éﬁ‘?‘é frequency m crggave furnace typi caFWh%%?é‘F?}&es a-
m crowave signal generator or. mcrowave volt age- controlled oscillator -
for generating a | ow power m cr owave Si gg@l for input to the m crowave
furnace. A 30 first anplifier may be provided to anplify the magni t ude
of the signal output fromthe mcr s gnal generator or the
m crowave voltage-controlled é%guclfﬁgg%r. A second anplifier is provided
for processing the signal QUMMARCEUEOTRONE fli rst anplifier. A 35 power
supply is provided for operati ¢ngGErmNEN B ond anplifier. A directional
coupler is provided for defecting the dirlection of a signal and further
WD 97/ 38441 ‘ PCT/ US97/ 05828
-19- directing the signal dependilng on the detected
A 102
ENCAPSULATING
MICROELECTRONIC
COMPONENT AND
SUBSTRATE SURFACE
ADJACENT COMPONENT
WITH CURABLE RESIN
104
h 4
SWEEPING CURABLE
RESIN WITH AT LEAST
ONE RANGE OF
MICROWAVE
FREQUENCIES

Fig. 4



direction. Preferably a high-power broadband anplifier, such as, but

not limted to, a traveling wave tube (TW), tunable magnetron, tunable
kl ystron, *5 tunable twystron, and a tunable gyrotron, is used to sweep
a range of frequencies of up to an octave in bandw dt h spanni ng the 300
MHz to 300 GHz frequenc range. ropriate

vari abl e fredﬁ@ﬁ%@gﬁb nycromave gurlng 385 dlsclosedphefeln (Eﬁ%§ﬁ§%%8

uni form curing fromone group of mcroel ectronic conponents to t he-
next because placenent within the mcrowave furnace is not critical~. By
contrast, with single frequency m crowave curing, each group of

encapsul ated conponents 15 typically nust be oriented precisely the sane
way to achieve identical curing tinme and quality. Another advant age
of using variable frequency m crowave curing, as disclosed herein, is a

fromthat of the
730 tine to

reduction of the effects of thermal stresses. By selecting frequencies
that. cure a 20 particul ar enc@gpgqul ant w t hout causi ng excessive heat i ng
of the encapsul at ed conponent jarjd underl yi ng substrate, damage from
thermal stresses nmay be reduc¢d or avoi ded. The present invention
facilitates short curi {i fes and selechﬁﬁ@ he( ng of an encapsul ant
25 wi thout substantial h t present invention,
materi al s adj acent to a surfak nlcroe eqt roni cs conponent

havi ng coefficients
m croel ectroni cs conponeyy
excessivel y expand or com Al resses do not
become | ocked-in upon curl derfodt - $=Rsi n.

The practical range of frequenC|es within the el ectromagneti c spectrum
from whi ch ni crowave -——757725;; :
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¢ SIS RN




35 frequencies may be chosen is about 0.90 GHz to 40 GHz.
of encapsul ated conponents irradiated with

Every group
m crowave energy typically

has at | east one range or WO 97/ 38441

PCT/ US97/ 05828 - 20- wi ndow of
frequencies, within this overall range that wll curet Taﬁ; ant
wi t hout causiW¥§? jge to ot her compnents. The term "vm'mr?:o ?’Bas used
her ei n,. refers to a range of mcrowave frequenci es bounded on 5 one

end by a specific frequency and bounded on the

different specific frequency. Above
damage-free frequenci es,
conmponent, substrate,
dependi ng on conponent confi guratiao
conposition. A wi ndow may al&3
configuration of sub-
chip bei ng encapsul at ed.
of damage-free frequencies,

_———
::' ar o

C OREEN CHES

=
===

oty

depend;

TP a

- opposite end by a

or below a particular w ndow of
damage may occur to the encapsul ated
or adj acent conponents.

A wi ndow | 0 may vary
geonetry, and materi al

on the nature and
onponent other than an IC
s may have different 15 w ndows

— encapsul ated 1 C chip or

conponent may have a sub- =00 (IEEPre N

of

V3 Vo
‘ﬂigsaggsiazsak -y—-;.lu
N

Eﬂérsgzzrequiring a naz%gylmﬁndow
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frequenci es, and a sub-conponent therein requiring a wi de wi ndow of
frequenci es. The selection of a danmage- 20 free wi ndow for a particular IC
chip or conponent is typically obtained either enpirically through
trial and error, or theoretically using power reflection curves and
the |ike. Wthin a wi ndow of damage-free freq | for a
parti cul ar er%%f?ﬁﬂ“ét ed mcroel ectronicsgyg conponent, it ?gﬁéﬁg@?gﬁl y
desirable to select the frequenci es tﬁat result in the shortest tinme to
cure. Preferably, a group is processed with a subset of frequenci es
fromthe upper end of each window. 30 Typically, nore nodes can be excited
wi t h hi gher frequencies than with | ower frequencies which neans

bet t er uni f or Mty THeteeHY ' é del-=-qnal | y, nore

m crowave enerdy gbgorjpt}f oh #2& lles tli pr] dept h,
results in shorfter] qurle B5|tinegs. ver neqyenci es within
a wi ndow of] dgnege} frep 1r¢quenci eg O Vo 97/ 8441
PCT/ US97/ 05828 Many
conponent s that| ar

o oay
mijev

e5 (%

N

R

N
LA ]

EBC: ¢
657G,
5

(¢

i ry adi ht ¢d jwift h

@ 165 C
@ 165 C

100 { 3 MIN @ 165 C

100 | 4 MIN

T MIN @ 125 C/2 MIN @ 1

1 MIN'@ 125 C/3 MIN @ 1
1 MIN @ 125 C/5 MIN @

76.5| 3 MIN @ 125 C/1 MIN @ 1
94.94 | 3 MIN @ 125 C/2 MIN @ 165G

Q SEC @165 C

100 | 30 SEC @ 165 C
10 MIN @ 165 C

30 MIN @ 165 C
1 MIN @125 C/1 MIN @ 185 G}

20 MIN @125 C/30 MIN @16

100 [ 3 MIN @ 125 C/3 MIN @ 165°C> 1

100 | 3 MIN @ 125 C/5 MIN @ 16

100 | 2 MIN

87.9
100
85.58
-98.36
100

.. 5A.

CURE EXTENT | HEAT TREATMENT
84.99

CURE EXTENT | HEAT TREATMENT

130.3
137.6
135.9
139
137.9
135.9
147
100
T00
100

Ta(C)
Tq(C)

STANDARD CURE BY DSC

UNDERFILL
SAMPLE_ID
FP_4526
FP_4526
FP_4526
FP_4526
FP_4526
FP_4526
GLOB TOP
SAMPLE_ID
FP_4450
FP_4450
FP_4450
FP_4450
FP_4450
FP_4450
FP_4450
FP 4450
STANDARD CURE BY DSC

UNDERFILL AND GLOB-TOP



m crowave energy have nultiple wi ndows of frequenci es Wi t hin which an

encapsul ant will cure w thout causing damage to the conponent or
underlying substrate. For 5 exanple, an encapsulated IC chip or

m croel ectronics conponent (either COB or flip chip) nmay be irradi ated
W th mcrowave energy w thout damage between 3.50 Gz pehnfsoPodekly, and
may al so be WPr’é’a?‘é?ed Wi thout damage gsgbetween 7.0 GHz and 10.0 GHz. The
avai lability of 10 additional w ndows provides additional flexibility for
achieving rapid, yet danage-free curing. Oten tines, conpl ex
geonetrical configurations and materi al conbi nati ons are encountered
whi ch may actual ly shrink or close a particular w ndow of frequencies
avai l abl e 15 for processing. The availability of alternative W ndows
permts encapsulants to be irradiated with m crowave energy W t hout
having to resort to other curing methods. Preferably, the
step of curing is perforned 20 by "sweeping" the encapsulant with vari abl e
frequenci es fromw thin a particular wi ndow of damage-free

frequenci es. The term "sweepi ng", as used herein,
t he encapsul ant i
w ndow. Frequenc
nore conpl enent a

: rticular
y 25 sweeping results in uniformty of hdatyng because many
'y cavity nodes can be excited. Sweefi ng nay be

_refe§§ to irradiating

acconpl i shed by | aunching the different frequencies fithin a w ndow
ei t her simultanepusly, or sequentially. For exanpl e, fassunme the w ndow
of 30 damage-frep frequencies for a particul ar encapsul atje conponent
is 2.60 GHz to 7|0 GHz. Frequency sweeping woul d i hvgt conti nuously
and/ or selective|ly launching frequencies within th{s frahge in any
desirabl e infrements, (e.g., sweeping between 2.6 and 3.3 GHz)
AN
- N
A
SN
NIR N
INEMNER
SNARRR
AR
N
_
N
2

Z-
-
-z
e
£
S
-
- /fg..
4

| ZarE T



35 such as 2.6001 GHz, 2.6002 GHz, 2.6003 GHz ... 3.30 GHz, etc.
Virtually any increnmental |aunching pattern may be used. WO
97/ 38441 PCT/ US97/ 05828

-22- The rate at which the different frequencies are

| aunched is r, /iegﬂ to as the sweeping rate. This rat e pgisSHosasyy
val ue, includin ut not limted to, 7/ 1 11 seconds, seconds, and

m nut es. Preferably, the 5 sweep rate is as rapid as practical for a
particul ar resin. The uniformty in processing afforded by frequency
sweepi.ng, provides flexibility in how encapsul ated 1 C chips or
conponents are oriented within the m crowave furnace. Maintaining each
encapsul ated 10 conponent in precisely the sane orientation is not
required to achiev i 4 oilpged L L2 L L LThe foregoing is
illustrative of thg present invention and is not t¢ be construed as
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materially departing fromthe novel teachings and advant ages of this
i-nvent.i on. ,Accordingly, all such 20 nodifications are intended to be

i ncluded within the scope of this invention as defined in the clains.
In the clains, neans-plus-function clause are intended to cover the
structures d I herein as performng the recited f d not
only structuS@ﬁgégﬁﬂValents 25 but al so egpg val ent structurgggh#%Q ore, -
it is to be understood that the foregoing is illustrative of the
present invention and is not to be construed as linited to the speC|f|c
enbodi nents di scl osed, and that nodi fications to the disclosed

enbodi nents, as well as 30 other enbodinents, are intended to be included
Wi t hin t he scope of the appended clains. The invention is defi ned
by the followi ng clainms, wth equival ents of the clains to be included
t herein.

1. A nethod of surface nmounti! 4 nicroelgzp(gﬁlc LA ‘%/nponent to

rapi dl'y produce a microelectronix assenbl avi ng reduced resi dual
stresses therein, said od i/S]
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steps of: 5 conductively securing a mcroel ectroni c conponent

to . a substrate surface; encapsul ating a portion of said
m croel ectronic conponent and a portion of said substrate surface
adj acent said mcroel ectronic conponent with a curable resin; and 10
sweepi ng said é’?gg resin wwth at | east one w ndow of 5 m#e
frequenci es t‘88§ e fi vely cure said gygcapsul ating resi nr,d{lg?iglgq at | east
one wi ndow of mi crowave frequencies selected to avoid danage to said ~
m croel ectronic conponent and said substrate, said sweeping perforned
at a 15 rate selected to uniformy heat said curable resin, said at
| east one wi ndow of m crowave frequencies sel ected such that relative
difference in thermal expansion of said substrate and sai d
m croel ectroni c conponent is reduced to produce a m croel ectronic
assenbl y~havi ng—red, i 20-therein 3 2.
A nmet hoq acconding to d afi m 1 whereih said
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curabl e resin has a first coefficiehf=dfhfhérnal expansi on and
substrate has a second coefficientyb&fthernaL expansi on, '
coefficient of thermal expansion greater -than said 5 first c

.. said
sai-d second
oef f+cirent of

t hermal expansi on. - -23/1-~-
3. A nethod according to Caim1l, mhereijbfgﬂcl curable resinis a
t hernosetting or thernoplastic resin. 4. A nethod according

to Cdaim1l wherein said at | east one wi ndow of:'mi crowave f
sel ected to heat said substrate to a first tenperature and

requencies is
to heat said

curabl e resin tlo a fedmidhadmpersurface viteyrt ingad dni¢rezleckpenitur e

5 is less than said seca teqpqgature
component to rapidly pro

uce a microelectronic assembly having

reduced residual stresses therein, said method cowmprising the

steps of:.

5 conductively securing a microelectronic component to

a substrate surface;

encapsulating a portion of said microelectronic

-component and a portion of said substrate surface adjacent

said microelectronic component with a curable resin; and

10 sweeping said curable resin with at least one window

of microwave frequencies to selectively cure said

_encapsulating resin, said at least one window of microwave

frequencies selected to avoid damage to said microelectronic

component and said substrate, said sweeping performed

at a

15 rate selected to uniformly heat said curable resin, said at

least one window of microwave frequencies selected such that

relative difference in thermal expansion of said substrate and

said microelectronic component is reduced to produce a

microelectronic assembly having reduced residual stresses

20 therein.

2. A method according to Claim 1 wherein said

curable resin has a first coefficient of thermal expansion and

said substrate has a second coefficient of thermal expansion,

 said second coefficient of thermal expansion greater than said

5 fifst coefficient of thermal expansion.

SUBSTITUTE PAGE

* C L M S *

X
.t Q
&



- 24- 5. A nethod according to Caim4 wherein said.

second tenperature i s between about 20% and about 50% greater .. than
said first tenperature. ~ ‘6. A nethod according to-Claim1

~ Wherein said at | east one wi ndow of m crowave frequencies is a
plurality of wi ndows of m crowave f mequencies, each wi ndow selected to
avoi d damage to said mcroel ectronic conponent and said substrate.

7. A nethod of susfaceamethodgaacsrdiagl eet coaie 1, wheegpaneatdto

rapi dly produce a mcroel ectronic assenbly having . reduced residual

st r essesCEhRPEe nreShR divred hblle EBAPeFEiing PHethermoplagsisf resin.

4. A method according to Claim 1 wherein said at
least one window of microwave frequencies is selected to heat
said substrate to a first temperature and to heat said curable
resin to a second temperature, wherein said first temperature

5 1is less than said second temperature.
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5 conductively securing an integrated circuit chip to a

" substrate surface; encapsul ating said integrated circuit
chip and a portion of said substrate surface adjacent said integrated
circuit chip with a curable resin, wherein said curable resin 10 has a
coefficient of thermal expansion betweep,t her nal expansi on
coefficients of said substrate and said integrated circuit chip; and

sweepi ng sai d curabl.e r@simethiodh aatcdreksty dre Glaitowt wherein réacirdwave
frequencies to, selectively cure said sulating resin, said at

15  enca
| east on&SFPFoWSIPERENERaE Petwerie RRANS &L st ¥R o Woidrepifige to

sai d intg%%%t%%id £ 1Sl Ul e%gk r%pd sai d substrate, said sweeping
perfornmed at a rate sefected to uniformy heat said curable resin,
sai d at

6. A method according to Claim 1 wherein. said at
least one window of microwave frequencies is a plurality of
windows of microwave frequencies, each window selected to
avoid damage to said microelectronic component and said

substrate.

7. A method of surface mounting a microelectronic
component to rapidly produce a microelectronic assembly having
reduced residual stresses therein, said method comprising the
steps of:

5 conductively securing an-intégrated circuit chip to
a substrate surface;

encapsulating said integrated circuit chip and a
portion of said substrate surfacé adjacent said integrated
circuit chip with a curable resin, wherein said curable resin

10 has a coefficient of thermal expansion between thermal
expansion coefficients of séid substrate and said integrated
circuit chip; and

sweeéing said curable resin with at least one window
of microwave frequencies to selectively cure said

15 encapsulating resin;:said at least one window of microwave
frequencies selected to avoid damage to said integrated
circuit chip and said substrate, said sweeping pefformed at a

rate selected to uniformly heat said curable resin, said at
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24/ 1- | east one wi ndow of m crowave frequencies selected to heat 20

said substrate to a first tenperature and to heat said resin . toa
second tenperature, wherein said first tenperature is | ess than said
second tenperature, and such that relative . difference in therma

expansi on of said substrate and said _,4/ integrated circuit chip is
reduced to produce a 25 mcroelectronic assenbly having reduced residual
stresses t herei n. ' 8. A nethod according to Caim?7,
wherein said curable resin is a thernosetting or_thernoplastic resin.
9. A netiféBtal HIRF O HiFowHE drpauanries seleehadt kapesature is

between WY KPLAM LU, PRA S feraturd N S8 hLLE SLal§MPELAL Ur e
to a second temperature, wherein said first temperature is
less than said second temperature, and such that relative
difference in thermal expansion of said substrate and said
integrated circuiﬁ chip is reduced to produce a
25 microelectronic assembly haviﬁg,reduced residual stresses

therein.

8. ‘A method according to Claim 7, wherein said

curable resin is a thermosetting or thermoplastic resin.

9. A method according to Claim 7 wherein said
second temperature is between about 20% and about 50% greater

than said first temperature.
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Z25- 10. A method according to Claim?7 wherein said at

| east one wi ndow of m crowave frequencies is a plurality of - w ndows of
.mcrowave frequencies. - 11. A nethod of surface nounting a
m croel ectronic conponent to rapidly produce a mcroel ectronic
assenbly having reduced resi dual s@gesses therein, said method
conprising the steps of: 5 conductlvely securing an
integrated circuit }dhipA methmdda@pewdzmgiWQ Glaimce vberesnbsaidt et
surface, wherein said egrated circuit chip active_surface is in
opposi ng %&&%@He wingow (0% gn lf%%awt%r%%lﬁ%rl%h%%wat% Rln¥atidty of

provi di ng, g,l&msa £ n{:teéé&agﬁé foé%é&glégt egrated 10 circuit chip active

surface and sal d Substrate sur

11. A method of surface mounting a microelectronic
component to rapidly'produce.a microelectronic assembly having
reduced residual stresses therein, said method comprising the
steps of:

s conductively securing an integrated circuit chip
having an active surface to a substrate surface, wherein said
.integrated circuit chip active surface is in opposing spaced
apart relation with said substrate surface;

providing a curable resin between said integrated

10 circuit chip active surface and said substrate surface,
wherein said resin is in contacting relation with said
integrated circuit chip active surface and said substrate
surface, wherein said curable resin has a coefficient of
thermal expansion between ;hermal expansion coefficieﬁts of

15 said substrate and said integrated circuit chip; and

sweeping said curable resin with at least one window
of microwave frequencies to selectively cure said
enéapsulating resin, said at least one window selected to
avoid damage to said integrated circuit chip and said

20 substrate,'said sweeping performed at a rate selected to
uniformly heat said.éurable resin, said at least one window of
microwave frequencies selected to heat said substrate to a
first Eempefature and to heat éaid résin to a second

temperature, wherein said first temperature is less than said
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Wherein said resin is in contacting relation with said integrated..
circuit chip active surface and said substrate surface, wherein said
curable resin has a coefficient of - thermal expansion between ther nal
expansi on coefficients of 15 said substrate and said integrated circuit
chip; and sweepi ng said cudrable resin with at |east one

w ndow - of mcrowave frequencies to selectively cure said

encapsul ating resin, said at | east one wi ndow selected to avoi d damage
to said integrated circuit chip and said _20 substrate, said sweeping
per f or mecseRonRd raRPeyEteied 3ech thahi retativecdifEarencer inl ehezsah, said
at | east one w ndow ve fre uegcies selecéed.to heat, sai d

i ;
subst r at PO Oéﬁ?%ﬁdt% %ﬁ%? 28 S b bRk eInr HeP 5T RCTHT aCBERond

Lenper at U, r RS e S rbdide!ta AIBLEEL UEerbait easstiBly SRhdling

reduced residual stresses therein.

12. A method according to claim 11, wherein said

curable resin is a thermosetting or thermoplastic resin.
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second tenperature, such that relative difference in thermal expansion of
-sai d substrate and said integrated circuit chip is reduced to produce a
m croel ectroni c assenbly having reduced residual stresses therein.

12. A method according to Claim 11, wherein sald curable resin is a

t hernosetting or thernoplastic resin.

-26-
- 26- 13. A nethod according to Caim1ll wherein said
second tenperature 13. beA weethadoatc2f@iagdtabaltim0Yigwtatkein saidt han
said first te erature 14. A method accordi ng to Claim11,

wher ei n sSFEPRE temperatie¥e ohd RERYeRNoRLRIE 8Rdvants agaukcFES Dreater
pIuraIItytggn saldwffpgystémpg}gé8¥gve frequenci es.

14. A method according to Claim 11, wherein said at
least one window of microwave frequencies is a plurality of

windows of microwave frequencies.

15. A method according to Claim 11 further
comprising the step of removing air entrapped within said
curable resin prior to said step of sweeping said integrated
circuit chip and substrate with at least one window of

5 microwave frequencies.

l6. A system for surface mounting a microelectronic
component to rapidly produce a microelectronic assembly having
- reduced residual stresses therein, said system comprising:
means for éonductively securing a microelectronic
5 component to a substrate surface;
means for encapsulating a portion of said
microelectronic component and a portion of said substrate.
surface adjacent said microelectronic component with a curable
resin; and
10 means for sweeping said curable resin with at least
one window of microﬁéve frequencies to selectively cure said
encapsulating resin, such that relative difference in thermal
expansion of said substrate and said microelectronic component
is reduced to produce a microelectronic assembly having |

15 reduced residual stresses therein.
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IS.‘A met hod according to Caim 11 further conprising the step of

rremoving air entrapped within said curable resin prior to said step of
sweepi ng said integrated circuit chip and substrate with at |east one
wi ndow of - 5 microwave frequencies. 16. A system for
surface nounting a mcroelectronic - conponent to rapidly produce a

m cr oel ectroni ¢ assenbly having reduced residual stresses therein,
sai d system conpri sing: arans for conductively securing a

m croel ectronic 5__conponent to a substrate surface; means
for encapsulating atport fofiY§FeBapgeord lnﬁiéﬁbéﬂéﬁ%?(%ﬁ(Wh@ﬁﬁs@n§ﬁudand a

portion O?neéﬂ fék'bétv%?%§ng sala“EB%ﬁl%dlr%%%'}} w1 roelﬁgct ronlgcﬂg%’l ng

corrponent Wlt a cura resin,

sai d cur abEemiesorawket Braguérasts comp@ieec REAWOIEIH GRS LARGHERCIes
to selectively cure said
plurality of windows of microwave frequencies.
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"

encapsul ating resin, such that

relative difference

in thernal

expansi;on of said substrate and said m croel ectroni c conmponent .
reduced to produce a mcroel ectronic assenbly having 15 reduced residual

stresses therein.

17. A systemaccording to Caim16 wherein said means for swe@
curable resin wi tPET | east oweormnimEneCTUAL PROBERIY ORGAREZATIONE UENCT CNGS!
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(57) Abstract

Systems and methods of surface mounting microelectronic components to rapidly produce microelectronic assemblies having reduced

residual stresses therein are disclosed. A microelectronic component

(30) is conductively secured to a substrate surface (32), and a portion

of the component (30) and the substrate surface (32) adjacent the component is encapsulated with a curable resin (36). The curable resin

(36) is swept with one or more ranges of microwave frequencies (40)
assembly having reduced residual stresses therein,

to rapidly and selectively cure the resin and produce a microelectronic




