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e.g., a ceram c substrate or a plastic substrat Such . a_seni conductor
chi p package, conventionally terned a chip carrier, is usually intended
for mounting on a printed circuit card or printed circuit board. If, for
exanpl e, surface nounting is to be used, then thel chip carri€r, Wiil<15"
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and electrically conhnected to electrical contact pads fornmed around the
peri phery of the chip-bearing, circuitized surface of the substrate.

20 A relatively FRhghineertion pertains asnaezilote cbip anmiprs, nshmeved by
nmounting one or BRFEiSETAXINAGCROEhDNidasrér thiring a circuitized surface

5 which is at least partiaily covered by a protective,
ultraviolet (UV) radiation cured coating.

One type of semiconductor chip package includes one or more
semiconductor chips mounted on a circuitized surface of a

10 .substrate, e.g., a ceramic substrate or a plastic substrate.
Such a semiconductor chip package, conventionally termed a
chip carrier, is usually intended for mounting on a printed
circuit card or prihted circuit board. If, for example,
surface mounting is to be used, then the chip carrier will

15 conventionally include a lead frame or edge clip which is
mechanically and electrically connected to electrical :contact
pads formed around the periphery of the chip-bearing,
circuitized surface of the substrate.

20 A relatively high density of chip connections is readily
achieved by mounting one or more semiconductor chips on the
circuitized surface of a chip carrier substrate in the
so-called flip chip configuration. In this configuration, the
chip or chips are mounted face-down on solderable metal pads

25 on the substrate using solder balls. However, the coefficient
of thermal expansion (CTE) of, for example, a silicon chip is
signifiéantly different from the CTE of a ceramic substrate
or plastic substrate. As a consequence, if a chip carrier is
subjected to thermal fluctuations, then the solder ball

30 connections will be subjected to significant stresses, which
tend to weaken, and reduce the fatigue life of, the solder
ball connections. Significantly, this problem is readily
overcome by encapsulating the solder balls in an encapsulant
having a CTE which is within 30 percent of the CTE of the

35 solder balls. Useful such encapsulants-have a composition
which includes, for example, an epoxy binder, e.g. a cyclo-
aliphatic epoxide binder, and a filler, e.g. high purity fused
or amorphous silica, as disclosed in US-A-4,999,699, the
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The circuitry on the circuitized surface of a chip carrier
substrate, and to a lesser extent the chip or chips mounted
in a flip chip configuration on the circuitized surface, need
to be protected from mechanical and environmental hazards. One
. 15 technigque for achieving such protection is to mount a geramic
cap over the chip or chips and at least a portion of the
‘circuitry on the circuitized surface. While the use of such
a cerpmic cap for achieving méghanical and environmental
protection is effective, its use significantly increases’the
20 cost of the chip carrier. Moreover, the presence of the
ceramic cap precludes the possibility of directly mounting a
heat sink on the chip or chips in order to dissipate the heat
precduced by the chip or chips. Rather, the heat sink is
necessarily mounted on the ceramic cap, and a thermal grease
25 must then be provided between the upper surface of each chip
and the ceramic cap to achieve good thermal contact between
the chip or chips and the heat sink. While this procedure is
effective for dissipating heat, it would be more convenient
if the heat sink could be directly mounted on the chip or
30 chips.

It has been proposed that the circuitry on the circuitized
surface of a chip carrier substrate be covered by a coating
having a composition which includes an epoxy binder and a
35 filler, in order +to provide mechanical and environmental
protection for the circuitry at a relatively low cost. Such
filled epoxy coatingé have been applied to the upper (non-



the total of binder and filler, while the filler shoul d constitute about
40 to about 75 percent by weight of the total. 10 The circuitry on
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envi ronnent al hazards. One 15 technique for achieving such protection is
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applied to theAHREr ciA@iitry; (2) be hydrophobic, for the reason given
above; (3) be capable of withstanding a second standard

thermal cycling test, usually referred to as the "ship shock"

15 test, in which the coating is thermally cycled from <40 °C to
+65 °C, at a frequency of one cycle per hour, for at least ten
cycles, without cracking or delaminating from the chip carrier
substrate; (4) exhibit a low concentration of ions, typically
achieved by ensuring that the concentration of chloride ions

20 is 1less than ten parts per million, to avoid circuitry
corrosion and conductor migration, the latter phenomenon
leading to undesirable short circuits; and (5) be relatively
quickly, and thus conveniently, cured.

25 Significantly, when filled epoxy coatings of the type referred
to above have been extended from the upper surfaces of chips
on the circuitized surfaces of chip carriers to the circuitry
on the circuitized surfaces of chip carrier substrates of
significant size, e.g., 36mm x 36mm, these coatings have

30 proven not to be useful. That is, when these coatings have
been subjected to the accelerated thermal aging test,
described above, they invariably exhibited internal cracks or
cracks at the interface with the solder ball encapsulant. In
addition, these coatings are generally hydrophobic. Moreover,

35 when subjected to the "ship shock" test, described above,
these coatings have invariably cracked or delaminated from the
chip carrier substrates. Further, these coatings are cured by
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relatively quickly and therefore conveniently cured;and (6)
permit heat sinks to be directly mounted on chips.

15 s
The invention involves the finding that the epoxy EOatings
previously proposed as protective coatings for the circuitry
on the circuitized surfaces of chip carriers all had
‘relatively high moduli of elasticity, i.e., moduli of

20 elasticity greater than about 69.10° N/m? (10,000 psi), at
room temperature (25 °C). As a consequence, these coatings
lacked the flexibility needed to withstand the stresses
associated with the thermal cycling fests, described above,
which led to cracking and delamination.

25
The invention also involves the finding that compositions
which include appropriately chosen, and appropriate relative
amounts of, acrylated urethane oligomer, acrylated monomer and
photoinitiator are relatively gquickly cured, e.g., cured

30 within 5 seconds, using UV radiation to vield relatively
inexpensive, hydrophobic coatings having moduli of elasticity
equal to or less than about 69.10° N/m? et room tempera{:ure.
As a consequence, these coatings readily withstand thermal
cycling tests without cracking or delaminating. In addition,

35 these coatings exhibit chloride ion concentrations less than
ten ﬁarts per million, and therefore do not cause ion- induced
corrosion and migration. Moreover, if these coatings are not
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The invention involves a chip carrier inéluding'a chip carrier
substfate, e.g., a ceramic substrate or a plastic substrate,
having a circuitized surface on which is mounted at least one
semiconductor chip in a flip chip configuration. The solder
15 ball connections between the at least one semiconductor chip
and the chip carrier substrate are encapsulated in an -
encapsulant having a composition which includes, for example,
an epoxy, and having a CTE which: is within-30 percent of the
CTE of the solder balls. In addi%ion,'at least a portion of
20 the circuitry on the circuitized surface is covered with a
protective, relatively inexpensive coating having a 69.10%
N/m? composition which is chosen, in accordénCe with the
invention, so that this coating: (1) readily withstands the
thermal cycling tests, described above, without exhibiting any
25 internal cracks or interfacial cracks at the coating/solder
ball encapsulant interface, and without delaminating, when
viewed under a 10x optical microscope; (2) is hydrophobic; (3)
exhibits a chloride ion concentration less than ten parts per
million; (4) 1is relatively quickly and conveniently cured
30 using UV radiation; and (5) permits heat sinks to be directly
mounted onto chips.

As depicted in the single accompanying drawing, a preferred
embodiment of a chip carrier 10, in accordance with the
35 invention, includes a substrate 20, e.g., a ceramic substrate,
such as an alumina substrate, or a plastic substrate. This
substrate 20 has a circuitized surface 30, including circuit



pernkt heat sinks to be directly nounted on chi ps.

-SUMVARY OF  THE | NVENTI ON It is an object of the present invention to
aneliorate one or nore disadvantages of the prior art. -, According to
one aspect of the present invention there is provided a chip carrier,
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solder balls 60. The composition of the solder ball

encapsulant 70 includes, for example, an epoxy binder, e.q.,

a cycloaliphatic polyepoxide binder, and a filler, e.g., high

purity fused or amorphous silica, as disclosed in US-A-
15 4,999,699. |

The chip carrier 10 also includes a metallic lead frame or
edge clip 80 of fbr example, copper, which is mechanically
and electrlcally connected to the contact pads 40. Preferably,
20 as disclosed in U.S. Application Serial No. 07/838,613 filed
by S.R. Engle et al on February 18, 1992, the disclosure of
which is hereby incorporated by reference, each of the
mechanical/electrical connections between the lead frame or
edge clip 80 and the contact pads 40 includes a region of
25 solder 90, having a composition which includes, for example,
ten percent (by weight) tin and ninety percent (by weight)
lead. In addition, each solder connection between a contact
pad 40 and the lead frame or edge clip 80 is . at least
paftially, and preferably totally, encapsulated in a region
30 of material 100. Significantly, in accordance with the
‘teachings of the 07/838,613 patent application, the
composition of the material region 100 is chosen so that after
the combination of the solder region 90 and material region
100 is subjected to sinusoidal thermal cycling between 0 °C
35 and 100 °Cc, at a frequency of three cycles per hour, for at
least 2,000 cycles, the solder region 90 exhibits an increase
in electrical resistance less than 200 milliohms. This is
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In accordance with the teachings of the present invention,

‘with the exception of the contact pads 40, at least a portion,

and preferably all, of the circuitry on the circuitized
surface 30, exterior to the encapsulated solder balls 60, is
covered by, and thereby encapsulated in, a coating 110, which
serves to protect the covered circuifry from mechanical and
environmental hazards. This coating 110 also contacts , and at

least partially encirclés, the encapsulant 70 encapsulating .

the solder balls 60. As discussed more fully below, the
composition used to form the coating 110 is dispensed onto the
circuitized surface 30 using a syringe, and readily flows over
this surface to cover exposed circuitry after being
dispensed.

In addition, this composition is thereafter relatively quickly
and conveniently cured using UV radiation. The composition
dispensed to form the coating 110, according to the present
invention, includes three components: (1) an acrylated
urethane oligomer;_ (2) an acrylated monomer; and (3) a

photoinitiator. The presence of the acrylated urethane -

oligomer tends, among other things, to make the corresponding
coating 110 hydrophobic. The acrylated monomer serves as a
diluent for the acrylated urethane oligomer and undergoes
cross-~linking to the latter when the dispensed composition is
subjected to UV radiation. The presence of the photoinitiator
makes such cross-linking possible under the influence of the
UV radiation.
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30 percent of a CTE of said solder balls; a second encapsul ant which covers
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That said second encapsul ant has a conposition which includes a urethane,
sai d conposition of said second encapsul ant,.bej.ng_chosen _so that, when
viewed under a 10X optical nicroscope, gai d second encapsulant exhlblts
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substrate, e.g. by- form:mg compositions from such oligomers and monomers (and
photoinitiators), curing these compositions using UV radiation
10 and then measuring the modulus of elasticity of the resulting
coating 110 at room temperature using, for example, a
conventional tensile test. If the measured modulus is equal
to or less than about 69.10° N/m?, then the corresponding
combination of oligomer and monomer is useful in the
15 invention, at least in so far as to yleld a coating 110 having
useful elastic properties.

It has further been found that. it is' ,the combination of
oligomer, monomer and photoinit{ator which determines the

20 concentration of chloride ions in the resulting coating 110,
and therefore the degree of ion-induced corrosion and
migration. Moreover, useful combinations of oligomer, monomer .
and photoinitiator are readily empirically found by forming
corresponding compositions on circuitized surfaces of chip

25 carriers, curing these compositions using UV radiation and
then measuring the ability of the resulting coating to
prevent corrosion. That is, the corrosion behavior is
ascertained by exposing the coating-covered circuitized
surface to an air environment at 85°¢C, at 80 percent relative

30 humidity, for 1,000 hours. An increase in the DC electrical
resistance of any circuit line of 100 percent or more is an
indication of significant corrosion activity and is considered
unacceptable, for purposes of the present invention. The
migration behavior is ascertained by exposing the coating

35 -covered circuitized surface to an air environment at 85°C,
at 80 percent relative humidity, under the continuous

influence of a ten volt bias, for 1,000 hours. A :DC
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circuit to undergo essentially complete cross~linking with the useful
10 acrylated monomers under the influence of UV radiation, at the
intensities and over the time periods discussed below. Such
useful photoinitiators are readily found empirically by
initially adding a photoinitj.ator to a composition which
includes a useful acrylated urethane oligomer and a useful
15 acrylated monomer, and subjecting the resulting composition
to Uvsgadiation having the intensities, and for the durations,
specified below, to ﬁroduce a first coating sample. The
fracture stress exhibited by this .first coating sample, which
is a measure of the degree of cross-linking, is measured via,
20 for example, a conventional tensile test. A second such
coating sample is then produced by subjecting another
composition, including the same oligomer, monomer and
photoinitiator, to the same UV radiation, at the same
intensity but for a longer exposure time, or at a higher

25 intensity but for the same exposure time.

If the measured fracture stress of the second coating sample
is greater than that of the first coating sample, then this
indicates that the second coating sample has undergone
30 additional cross-linking. If, on the other hand, the fracture
stress of the second coating sample is unchanged, then the
first coating sample is assumed to have achieved complete, or
essentially complete, cross—-linking. Provided the UV intensity
and exposure time needed to achieve such complete
35 cross-linking falls within the ranges given below, then the
corresponding: photoinitiator is wuseful to the present
invention. Otherwise, the photoinitiator is not useful to the



6 < lines (not shown) and electrical contact pads 40 of, for

exanpl e, copper. At |east one seniconductor chip 50, e.g., a silicon
chip, is mounted in a flip chip configuration on the circuitized
surface 30 using solder balls 60 having a .5 conposition which

I ncl udes, for exanple,- three percent (by wei ght) tin and ninety seven
percent (by weight) lead. To strengt hen, and thereby increase the
fatigue life of, the. ... solder ball copnections 60 between the chip 50
and substrate .20, the solder balls Ko are’ encapsul ated-in an
encapsul ant 70 10 having a CTE which i's within 30 percent of the CTE of

t he sol dgfedéid Srl@ntidie. conposition of the solder ball encapsul ant
70 includes, for exanple, an epoxy binder, e g., a cycloaliphatic
pol'yepoxi de binder, and a filler, e.g., h| - purity fused or anorphous
silica, as dimelusasdamangdhe usefuly 999)’@}9‘1 urethan?h igmmerefund 10 al so
i ncludes a n’&‘.-idtdl &hlecagbdévertidseribed gigeedln¢s SAref tifeor aexylgtiedd copper,

which is Y, tr, I o] e t nt pads
o Ch L2t ab i&rg%lé Yoligon@Pd Bkl LinfEk! Yn€ORBESS Cadds 4101080 B0

i.ca Seria 07/ 838,613
filed 1365 éf¥g|“’é’r§9“a¥nfo"rF’19§l}PB§?yAﬁ%-'1§ ohigagog; i&*\%ﬁﬁsé of
which is herablyllarm'lur povtatlas bheeref mmesthae:ac&heofaqrwéated monomers
mechani cal / el ggbiiAl acpPRaG hAd2-NEidreRPpidS 1 ead fatargreuseful-ddge clip -

80 and the coptagt, n‘%%ﬁ?olnngoﬂgfﬁhéio S0 Qltner 212196 or zL1365

10 acrylated urethane oligomer. Moreover, it has been found that
the following three photoinitiators are useful with any
combination of the above oligomers and monomers:
1)2-méthy1—1—(4-(methy1thio)—phenyl)-z-morpholinopropanone;
2) isopropylthioxanthone; and

15 3) 2-hydroxy-2-methyl-l-phenylpropan-l-one.

As noted above, the relative amounts of the three components
of the useful compositions are also important. For example,
the acrylated urethane oiigomer should constitute about 35
20 percent (by weight) to about 75 percent (by weight) of a
useful composition, and should preferably constitute about 65
'percent (by weight) of the composition. Amounts less than
about 35 percent are undesirable because the corresponding
coating 110 exhibits a modulus of elasticity higher than about
25 69.10° N/m* and, as a consequence, exhibits internal and
interfacial cracks, and delaminates, when subjected to the
thermal cycling tests, described above. On the other hand,
. amounts greater than about 75 percent are undesirable because
the corresponding composition exhibits an undesirably high
30 viscosity, which makes it difficult to dispense the
cbmposition with a syringe and results in undesirably little
flow of the composition over exposed circuitry.

The acrylated monomer should correspondingly constitute about

35 63.5 percent (by weight) to about 22.5 percent (by weight) of
a useful composifion. Amounts outside this range are
undesirable for the reasons given above.



25 sol der 90, having a conposition which includes, for exanple, ten

-pericent (by weight) tfn and ninety percent (by weight) |l ead. In

addi tion, each sol der connection between a contact pad 40 .and the | ead
frame or edge clip 80 is at |east partially, and preferably totally,
encapsul ated in a region 30 of material 100. Significantly, in accordance
wth the t eachi ngs of the 07/838,613 patent application, the
conposition of the material regi.on 100 is chosen so that after. t he
conbi nation of the solder region-90 and material région °° 100 is

subj ected to sinusoidal thernal cycling bé%meen O [err]C 35 and 100

byel b5 the sol b Bhetp iita0bes srbRid SehEpaptiing Ly ot vyed SRk £:5°°
resi st ance IesspenﬂgntZQDYnWFLGQWmeo'H@4¥t|@-5 Perce“t (by Weight) of a
7 achi evedysdemlaesmpositionl iothits tleashtings afouthe.d Pé3nklare

pat ent _appl | ot 0he st FOMLAUL00 dheyBLENIEALN 8OPI I crofTinkifg. O an

at | east partldFT avmlgcﬁll E_E && n +/ -
30 percent of tbﬁ?WSFE GFetﬂ%F%RWQﬁﬂanGSthPeﬁP 0. APABER ?iﬁ?Fu Boxy
resin is a cycladuentyl2.5 pertieapoxirde unmecesgauyt ikddapsei 2. 8d pakeenti L$ca

filler ”ater'aJsufflclﬁﬁtcfb'ééhggbg éﬁﬁbﬁéthhétééémignﬁfﬁ§3 HySO' FP0045 Dby the
Dext er. Corporation of California,-U

As mentioned above, the useful compositions, as defined above,
10 are readily dispensed via a syringe onto the circuitized

surface 30 of the substrate 20. These compositions readily

flow over the surface 30 to cover exposed circuitry and, under

the influence of capillary action, readily flow up the sides

of the solder ball encapsulant 70 to cover and encircle this
15 encapsulant.

After being dispensed, the useful compositions are readily
cured using UV radiation. Thei useful UV wavelengths include
wavelength bands from 200 to 400 nanometers. Useful UV
20 intensities range from about 5.5 to about 6.5 joules per
square centimeter, with corresponding exposure times ranging
from about § to about 30 seconds. UV intensities less than
about 5.5 joules per square centimeter are undesirable because
they result in insufficient cross-linking between the oligomer
25 and the monomer. UV intensities greater than about 6.5 joules
per square centimeter are unnecessary because complete cross-
linking occurs at lower intensities and, in fact,
siénificantly higher intensities lead to bond scission, which
is counterproductive. A commercially available source of UV
30 radiation, capable of emitting UV radiation at the intensities
and for the durations specified above is, for example, a UV
curing system sold by Fusion UV Curing Systems of Rockville,
Maryland, equipped with D and H lamps, as denominated by this
supplier.
35
The tﬁickness of the coating 110 preferably exceeds that of
the underlying, protected circuitry by about 0.5 mm. While



10 I.n accordance with the teachings of the present invention,

wth the

.exceptlon of the contact pads 40, at |least a portion, and preferably
all, of the circuitry on the circuitized ° surface 30, exterior to t he
encapsulated sol der balls 60, is covered by, and thereby encapsul at ed

in, a coating 110, which 15 serves to protect the covered circuitry from
envi ronnent al hazards. This coating 110 al so contacts,

mechani cal and
| east partially encircles, the encapsulant 70-encapsul ati

the solder balls 60. As discussed nore fuldy bel ow, the conposi ti
used to formt heglcéaaetew&amgIéu@t(ﬁ&et@egteougefhaee?&c% W hebhagda purface .

and at

30 using a syringe and . rea

i ng
tion

ace O cover

exposed circuit rﬁ L T nmengta)i Pragg%téﬁé‘ed‘s rea lf3f ndeigred oAt thes

conposition is t

AFERSPRE

using W radiation. The conposition di spensed to formthe coat
according to sheafeesent useful n&kﬁ%b@ﬂmd ngd UdQ§pénQé§eaﬁ@”EQ98£t Sas(l) an
acryl ated

phot oi niti at or

anong ot her things,

Urc?éhﬁr.ﬂﬁecp labg\gérg he %Lgﬁl %Céc}eélcfiilﬁt? Eg%gg% w%{.imst ands
it F % Pnge 2t é‘oﬁf?‘ﬂ’ﬁniyl(?% F&Hhobi c.

én?h °é“0|°r‘ésb

Hqdv8Pg¥equi ckly 25 and conveniently cured

ing 110,

tends

The acryl ated nof¥GHEF Pﬁér@@?ra@’aat 1Q§|Sltu%r990f@°lteﬁellam15ﬁ exwibiging hane
ol i gomer and undertgonsl or ciloscfhibitdd ngrdcks) henémt viasveshanadhea digpensed
conposition 16 optibki eaiécbdcopdl fad a’et&é&&alT'&?cPfrﬁs%CG o‘%f éolﬁ??e

phot oi ni ti at or h(f uence of
uwv radl at lon.

t he

15

20

25

30

35

?tirg%rﬁé:ﬁ %.HCQn CJ\gﬁsha%.%' Qgco%% i systgn? Ctiv ich doe

rmit perfect adherence to the above thermal cycling
spec:Lf:Lcat:ton. Rather, in practice, each complete thermal
cycle has a duration of 20 +/~ 2 minutes (rather than
precisely 20 minutes). In addition, the rise time from 10°C
to 90°C is 6 +3/-2 minutes, and the fall time from 90°C to
10°C is also 6, +3/-2 minutes. Moreover, the oven reaches a
peak temperatui'e of 100 +/- 10°C, where the corresponding
dwell time is 4 +/- 2 minutes. Further, the oven reaches a
minimum temperature of 0 +/- 10°C, where the correspond:mg
dwell time is also 4 +/- 2 minutes. Thus, for purposes of the
present invention, the former (perfect) thermal cycling
specification is to 'be interpreted as denoting the latter
{practical) thermal cycling specification.

A coating 110, formed in 'accordance with the present
invention, also readily withstands the "ship shock" test, in
which the coating is thermally cycled from -40°C to +65°C, at

‘a frequency of one cycle per hour, for at least ten cycles,

without delaminating from the circuitized surface 30 and
without cracking, when viewed under a 10x optical microscope.
As before, this "ship shock" test is performed in an oven

. having a control system which does not permit perfect

adherence to the "ship shock" thermal cycling specification.
Rather, in practice, the minimum cycling temperature is
—40 +/- 5°C, whereas the maximum cycling.temperature is
+65 +/- 5°C. In addition, while the total number of thermal



8 _~Avariety of acrylated urethane oligoners, acrylated nononers and
photoinitiators are useful in the invention. In this regard, it has been
found that it is primarily the conbination of oligonmer and nonomer which
determines the elasticity of -the 5 corresponding coating 110. I't has al so
been found that useful el asticity-producing conbinations of acrylated
ur et hane ol i goner and acryl ated nononer are readily found enpirically

by form ng compositions fromsuch oligonmers and nononers (and '
photoinitiators), curing thesé conpositions usi'ng ‘UV-radi ation 10 and then-
measuring the nodulus of elasticity of the resulting coating 110 at room
tenperature usgj for e I a onvent.L.gn S] test.,_ | he
measur ed modul§ gg'lég g%u%f‘(a{@ast%o 5P Egi ?%%tﬁ}‘gbou?&lg%fdyo e?r %{/N/éﬂ rrj,
then the corr &¥F8Rai Rer howrofsrEbeY dhadf PEEFIRANT CRRICKOHOMSE heuXkeful in
the 15 i nvent Mokeoter) catie | MwaQlf atime tat yithed higloedt n@andl0lbwestng
useful elasti Qeﬂbggﬁﬁffé is 25 +/d 7hﬁ§1(1j&é%]st hohi e ahel PHBL df3herddsd S the

conbi nati on of ONEr, . MONONEr an St ol ni tiator, whi ch determ nes the
20 concent rat Pﬁndﬁ‘Fr?%%Si“dEe‘f‘%?F?tiuﬁet Yo SEPR i Hh &‘88???\*9 affojf‘.’wes*' and

t her ef or e t he teémperatwies odsi hEtR eercoimuwi.ohs drafore, fivyMurposes Mf eover,

usef ul Cf’[mi P%h%ggseséwlimionmr%me; (e £ebe) Otidriuiadl BycRImy r;aadi ljy
enpi rically found.by f.0f M-ng- - -,COr{.e: ng .Co .Qn n i ti.zed.
surfaces of ct??ﬁcig%%‘?j‘ro{ne;% ) tcc’urllgen fqg;%gggg%edwrrp%s ir?e?‘o%hé'hgs?lr‘lg b%é%gi ation
and t hen rfPR3GELFRL) thrEmabi F¥Flingrspardfieatieng coating to

"prevent caa osi on. That is, the corrosion behavior is -ascert ai ned

by exposing thg gaaitich G Pe@fgCipsiiickl E?dthe ciShf 8f5ed QudBadd 30,
envi ronnent at 85 re

_ %gr{]] C, %t .go lge.r cegt gtl ve B%hgm djat , for 1,000
hours. An incPed88 Th THROBESETRAT ALEP Teadi e ARRAABe B2 Sn§Yet Uit 1ine
of 100 percenttoothapwnppéer;, gxposed surface of the chip 50 so that, after

UV curing, a continuous coating is formed which protects both
15 the chip 50 and the circuitized surface 30 from mechanical and
env.ironmental hazards. If, however, no coating is formed on
the upper ‘surface of the chip 50, then a heat sink 120 is
i readily directly mounted on the upper surface of the chip 50,
as depicted in the sole accompanying drawing.
20
While the invention has been particularly shown and described
with reference to a preferred embodiment thereof, it will be
understood by those skilled in the art that various changes
in form and details may be made therein without departing from
25 the spirit and scope of the invention.



i ndi CaI_I_O.D_Qf_S_I_g.D.I_f_I_C_aDLCOI‘I‘OSI on activity and is con5| der ed

unaccept abl e, for purposes t he present invention. ISSheet ced
behavi orjlm j]ﬂ "mﬂmﬁm y exp05| ng the coating 35 -covere
surface ment at 85[err]C, at 80 per ce
hum dity, under the tonti nuous influence of a ten volt b| as for ,
hours. A DC . : el ectri cal
resi stance between any two adjacent circui t~iines |l ess than. t en. negohns
“is an indication of significant m grtdt i on behavi or and is consi dered
unaccept abl e, for purposes of the present invention. 5 In addition
to the requirenments on ion-induced corrosion and mgration, a

phot oi niti ator, G1531B8° useful in the pr esent i nvention, nust enable the
useful acryl ated urethane oligoners to undergo essentially conplete
cross-|inki ng wiz.hat Geipisatnied, 0 campnikaiead nononers under the influence of

pel ow. Such > atu%‘;fs“aseg{“gﬁgfjj%ﬁ;‘%@ggﬁ“?%z&ﬁf*%w %‘%ﬁﬁggjﬁsﬁid
eﬁ ? e n s} %ﬁ)@???ﬁ oﬂkfalh surface

initially addlng a or 1o a I ncludes a
useful acryl at e(flﬁFg’E%Yol9°§‘8Hﬁ?”§nos°&d%ei°ﬁ11515“ atPdAtatRAF SBhbher, and
subj ecting the reasabsikrFedoipasiirksencapsudantvhavitigat Forpdrdtionyvhieh
intensities, andncotdédheandepoky OnRScoefficient of thermal expansion (CTE)

10 of said first encapsulant being within 30 percent of a CTE of
said solder balls;
a second encapsulant which covers and thereby encapsulates at
least a portion of said electrical circuitry on said substrate
surface and which contacts and at least partially encircles
15 at least a portion of said first encapsulant, characterized
in that .
said second encapsulant has a composition which includes a
urethane and said composition is.chosen so that said second
encapsulant exhibits a modulus of elaéticity equal to or less o
20 - than about 69.10° N/m? at 25°C.

2. The chip carrier according to claim 1, wherein said
composition of said second encapsulant is chosen so that, when
viewed under a 10x optical microscope, said second encapsulant
25 exhibits neither internal cracks, nor cracks at an interface
between said first and second encapsulants, when said chip
carrier is subjected to thermal cycling between 0°C and 100°C,
at a frequenéy of three cycles per hour, for 2,000 cycles.

30 3. The chip carrier according to any of the preceding claims,
wherein said composition of said second encapsulant is chosen
so that, when viewed under a 10x optical microscope, said
second encapsulant exhibits neither delamination from said
substrate, nor cracking, when said chip carrier is thermally

35 cycled from -40°C to +65°C, at a frequency of one cycle per
hour, for ten cycles.



specif+i ed b w to produce a first coating sanple. The fracture
stréss exhi Eﬂ wﬂml, m, lrst coating sanple, which laéed

t he degree “y is neasured via, 20 for exa

conventional tensile tedt. A second such coat | ng sanpl uced
by subj ecting anot her conposition, including the sane oli gorrer nononer
and photoinitiator, to the sane UVradratron at the sane intensity
but for a |onger exposure tinme, or at a higher 25 intensity but for the
sanme exposure tine. | f the neasured¥racture stress of t he second

[0 PPt PSS A oy 8 o B

this i ndi cat és he Secon has

addi ti onal cro¥Re¥eiiki fytd | FeoRpA | RBORRFH nﬁa ,5°t rf'é"?erréct thexghyess of

t he second coathcapsdagkes ats leashkaageaktioheof tdme uppef ) restposedt suacfaenpl e i s
assumed to havgr agdiideued1 £ e sefli conau®Esgéngl.l y conpl ete,

cross-|inki gg Provided the UV intensity and exposure tine needed to
achi eve conpl ete 35 cross-linking falls within the ranges given.

bel ow, then t he. Thecghil SIEHARERIARRANG §9 an¥rof $hgserenedingt elaimsesent

i nvention. O heheteimh, shh@ P Rincapbalarnts i80a U%efuted @ntlpsulant.,

100 present |nvent|on

6. The Chlp carrier according to any of the preceding cla:.ms, '
10 further comprising a heat sink directly mounted on an upper,
© exposed surface of said at least one semiconductor chip.



| ncl uded —among the—usefuts—acryl ated urethane oligoners found usi ng the
abgve- descrrisapek: BEHeg L s are the acrylated 5 urethane oligonmers sold
under the t 6 and ZL1365 by Morton International, Inc.,
of Chi cago, ”m mm Simlarly, it has been found that the acryl ated
nononer s rylate and 2 -hydroxypropyl acrylate are useful
in . the invention, in conbination with either ZL2196 or ZL1365 10

acryl ated urethane. ol | goner. Moreover,it has,  been found that t he
following three photoinitiators are usemijl W t'th any - conbinati on of the
above oligoners and nononers: _ 1) 2 ?hyl -1- (4- (methylthio) -phenyl)
- 2- nor phol I nopgRaRRRe; 2) isopropylthioxanthone; and 15 3) '

2- hydr oxy- 2- net hyl - 1- phenyl pr opan-1| - one. As_not ed above, the relative
anounts of the three conponents of the useful conpositions are also

i nportant. For exanple, - the acryl ated urethane oligoner should
constitute abathHip3taZPidemientprdtectivgUontling Fautivduirteed FHurhyevei ght)
of a usgful conposition, and should preferably constitute about 65
percent (by wei ght) of the conposition. Angunts |ess than aboyt 35
percent are’ urkle%‘?*%lﬁaé“ﬂ&?a%edt‘-ﬁﬁlﬁﬁdr é'gﬁﬁhdiﬁﬁl“des G &hiiRg cffﬁl%%’(hl bits
a nodul us of edutsitirakeyahd giterledwmn cmboabmﬂ@r@ctet&h:]p Moghted | imnal, as a

consequence, exydidnpl Béﬁfiﬁ{ra%ﬁlgn, v:.d @b@&éﬁ%mscraﬁké,clmiéﬁkw nates, .
when subj ected to t he eﬁp . %c i n g éé qiéc‘rso er%g\s( On the

ot her hand, - SWHASEnPE 1?'eea‘% QRO et CoRt SAFETLRRAET 3T e
because 10t lrnqependabehdimy féyﬁﬁﬂcﬁpéﬁlmmvy arcogrgettiwhieh gh 30
viscosity, whinfciwakesaht efokyi CIn tadditdbfpesiselédst a poeonrmsbfiamevm th a
syringe and resylds i Bﬂd%ﬁérérﬂ?!uid gteliesurfaéeoi’&q{ncta guf&eg&)gi i n over

osed circuitr C nononer corres
oIt ute ahandond @pospaRiett Mpind.ct ofiPIPas] B8uEnEst LEREREas R 1,

wei ght) of urethane, and which composition is chosen so that the second

15 encapsulant exhibits a modulus of elasticity which 1s equal
to or less than about 69.10% N/m¢2. As a- consequence, the
second encapsulant exhibits neither internal cracks, nor
interfacial cracks at the interface with the first
encapsulant, nor does the second encapsulant delaminate from i

20 the circuitized surface, when the chip carrier is thermally
cycled.



a useful conposition. Anounts outside this range.are - . undesiyrable for

- theé”reasons given above. The phétoinitiator shoul d
correspondi ngly constitute about 1.5 percent (by weight) to-about 2.5
percent (by weight) of a useful conposition. Amounts |ess than about 1.5
percent are undesi rabl e because they tAsult in insufficient
cross-linking 5 between the oligoner and the nononer. Anobunts greater than
about 2.5 percent are unnecessary because 2.5 percent is sufficient to
achi eve conpl ete cross-Iinking. As mentioned above, the useful
conpositions, as defined above, 10 are readily dispensed via a syringe onto
the circuitized surface 30" of the substrate 20. These conpositions
readily fl ow over the surface 30 to cover exposed circuitry and, under
the influence of capillary action, readily flow up the sides of the
sol der ball encapsulant 70 to cover and encircle this 15 encapsul ant.

After being dispensed, the useful conpositions are readily cured. using

WV radi ation. The useful UV wavel engths include
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wavel engt h bands from 200 to 400 nanoneters. Useful UV 20 intensities range
fromabout 5.5 to about 6.5 joules per square centineter, with
correspondlng exposure times ranglng fromabout 5 to about 30 seconds.
W intensities | ess than about 5.5 joules per square centineter are
undesi rabl e because they result in I nsufficient cross-linking between
the oligonmer 25 and the nononer. UV inteagsities greater than about 6.5

j oul es per square centineter are unnecessary because conpl ete cross-
linking occurs at lower intensities and, in fact, significantly
hi gher intensities |ead to bond scission, which I S counterproductive. A
commercially avail abl e source of UV 30 radi ation, capable of emtting UV
radi ation at Epe intensities for the durations speci ied above is,
for exanpl e, CHIECARRIER, WHI %@ﬁw&cgﬁmﬂg BARWIREVITIZER SURFACH
Rockvi |l | e, Maryl and, equi pped with D and H | anps, as denom nated by
this supplier. 35 The thickness of the coating 110 preferably
exceeds t ABSTRACT the underlying, protected C|rCU|try by about 0.5 mm

Wi | e 12 greater coating
t hi cknesses are useful, effective nechani cal and envi ronnent al

protecti oA thipresriet Y10)Cii diselosedt whivh includésacdlis tarrideeubbirftd adoaeleast one

semiconductor chip mounted in a flip chip configuration (80), via solder balls, on a
circuitized surface of the chip carrier substrate. ‘The solder balls are encapsulated in a first
encapsulant having a compositiop which includes a epoxy. In addition, at least a portion of
the circuitry on the circuitized surface is encapsulated in a second encapsulant having a
composition which includes a urethane, and which composition is chosen so that the second
encapsulant exhibits a modulus of elasticity which is equal to or less than' about 69.106 N/m?2 |
. As a consequence, the second encapsulant exhibits neither internal cracks, nor interfacial

- cracks at the interface with the first encapsulant, nor does the second encapsulant delaminate
from the circuitized surface, when the chip carrier is -thérmally cycled.
Fig. 1 |
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QU '
TI&‘EET pensed and cured, as descri bed
coating 110 {rgadily w thstands thermal cycling

5 After a useful
above, the result

fromiO[err] C to 1§0Q[ entr§ OCTaP9R fir ¢quency of three cycl es per hour, for
at | east 2,000 cyclles w thout -exhi biting internal or interfacial
cracks, when vievwed under a IOxX 10 optiéal m croscope. This thernal
cycling is, of rse perforged in an oven having a control system

. Whi ch doesyeif baked iR HnMdvenF6F E%féniﬂ&ggg&%@oﬂ ﬁn&,"@.fgélhﬁi’é% Hoey, hick ¢ tineg

specification. Rather, in practice, h conpl ete her mal cycle has a
duration ojond@ning-and ifitdhvesient r at her than 15 precisely 20 mnutes). In
addition, the rise tinme from1l1l0O[err]C to 90[err]Cis 6 +3/-2 mnutes,
and the fall tThos, fthose &iYaged JifC the develophfi¢ne rof] chip camiex® Mave 3oughtirithms far.
Mor eover, the oven reaches a - peak tenperature of 100 +/- 10[er r}C,
wher e t he withousspocess,nprotectivel weatings i for thescircuitry op the pigewitizedrswriages of chip
oven reaches a 20 mninumtenperature of, O +/- 10[err]C, K where the

e e B o o Pt o
wpeci ¢ cat il derd g el o . it il o
el GPE o S B AL RS AT SRR
{eat, 1 o il 5 NG RS 1Ak

cycl es, 3%%&&%& Afliem (ﬁ?eﬁﬁvél?ogﬂiéﬂ? andl "thétefore %nﬁéﬁénﬂ?ec\ﬁgd;a%gi ©)

wi t hout cracKing,” when viewed unde 10X optical mcroscope.

bef or e, thﬁéﬁiﬁﬁgapsﬁlkgfd(ﬁeaﬂédﬂyiﬁoﬂﬁéd ehGRgs. N an oven havi ng a control
system which does not permt perfect adherence to the "ship shock"
thermal cycling specificati SUMMARVMORTHE INVENTIONe, the m ni mum cycling
tenperature is -40 +/- 5[err]C, whereas the maxi mum cycling tenperature
i s +65 +/ -It5§ anobject bfi thedpliesend ipvention ¢ ameliorateainernrrmene disadvantages of

the prior art.

According to one aspect of the present invention there is provided a chip carrier,
comprising: a substrate including a surface bearing electrical circuitry; at least one
semiconductor chip mounted on said surface via electrically conductive solder balls at
least partially encapsulated in a first encapsulant having a composition which includes an
epoxy, a coefficient of thermal expansion (CTE) of said first encapsulant being within 30
percent of a CTE of said solder balls; a second encapsulant which covers and thereby
encapsulates at least a portion of said electrical circuitry on said substrate surface and
which contacts and at least partially encircles at leaét a portion of said first encapsulant,
Characterized In That said second encapsulant has a composition which includes a
urethane and said compdsition is chosen so that said second encapsulant exhibits a
modulus of elasticity equal to or less than about 10,000 psi at 25 degrees C. -

According to another aspect of the present invention there is provided a chip
carrier, comprising: a substrate including a surface bearing electrical circuitry; at least
one semiconductor chip mounted on said surface via electrically conductive solder balls

at least partially encapsulated in a first encapsulant having a composition which includes
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14 CLAIMS 1. A chip carrier,
conpri sing: a {subsyrspeTiper udi mg a surface bearing el ectrical
circuitry; at il gast one sem c@dnguctor chip nounted on said surface
via electrically corjductive solder ballsgat |east partially encapsul ated

in a first encapsula gsition which includes an epoxy, a
coefficient of thermal expansion (CTE) of said first encapsul ant being

wi thin 30 perpexy, otoeffiCiEht affthamial expdnsidn (CTE) of said first eacapsclancbaing aihid ant
whi ch covers and thereby encapsul ates at |east a portion of said

el ectri cal 30inesesant of a&FLE af gaid sblder halls; e se¢and enaapsulant which cavers tand simetelst

| east partially encircles at |east a portion of said first encapsul ant,

Char act er | FBERPSRlates At least 2 pagtipn of saidnelectrieal ritepithy: om said subgpte shxfaeenandni ch
L udes @ oHigh BaRes B 36l SE bl SR 38 o 38! 3ot
10,900 o oA T, o8, SR B Ll ok, MBI
Per s ' on of i 3hid CBHfYOSHIn D54l et chBlpRurdhe SRR eno3AiFso B WARAWEHET

: under a 10X optical microscope, said second encapsulant exhibits neither internal cracks,
nor cracks at an interface between said first and second encapsulants, when said chip
carrier is subjected to thermal cycling between O degrees C. and 100 degrees C., at a
frequency of three cycles per hour, for 2,000 cycles.

According to still another aspect of the present invention there is provided a chip
carrier comprising: a substrate including a surface bearing electrical circuitry; at least
one semiconductor chip mounted on said surface via electrically conductive solder:balls
at least partially encapsulated in a first encapsulant having a composition which includes
an epoxy, a coefficient of thermal expansion (CTE) of said first encapsulant being within
30 percent of a CTE of said solder balls; a second encapsulant which covers and thereby
encapsulates at least a portion of said electrical circuitry on said substrate surface and
which contacts and at least partially encircles at least a portion of said first encapsulant,
Characterized In That said second encapsulant has a composition which includes a
urethane, said composition of said second encapsulant being chosen so that, when viewed
under a 10X optical microscope, said second encapsulant exhibits neither delamination
from said substrate, nor cracking, when said chip carrier is thermally. cycled from -40
deg'xlees C. to +65 degrees C., at a _frequency of one cycle per hour, for ten cycles.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The invention is described with reference to the single accompanying drawing,
which is a cross-sectional view of a preferred embodiment of a chip carrier including a
protective coating covering at least a portion of the circuitized surface of the chip

carrier, in accordance with the invention.



3. The chip carrier of clai m 1, further conprising a heat sink directly
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an upper, exposed surface of said at | east one sem conduct or
A chip carrier, conprising: a substrate including a

aring electrical circuitry; 5a at |east one sem conductor chip
said surface via electrically conductive solder balls at |east.
enca&sulated in a first encapsul ant having a conposition which
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vi ewed under a 10X; optical m croscope, said s€con
Epoxys and hheing al CTEAGHSh is'Withit 30 dicent of the CTE of the solder balls. In

addition, at least a portion of the circuitry on the circuitized surface is covered with a
protective, relatively inexpensive coating having a 69.106 N/m2 composition which is
chosen, in accordance with the invention, so that this coating: (i) readily withstands the
thermal cycling tests, described above, without exhibiting any internal cracks or
interfacial cracks at the coating/solder ball encapsulant interface, and without
delaminating, when viewed under a 10x optical microscope; (2) is hydrophobic; (3)
exhibits a chloride ion concentration less than ten parts per million; (4) is relatively
quickly and conveniently cured using UV radiation; and (5) permits heat sinks to be
directly mounted onto chips.

As depicted in the single accompanying drawing, a preferred embodiment of a chip
carrier 10, in accordance with the invention, includes a substrate 20, e.g., a ceramic
substrate, such as an alumina éubstrate, or a plastic substrate. This substrate 20 has a

circuitized surface 30, including circuit
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carrier is ﬁ'"tu Umrmal cycling between 0 degrees C. and 100
degrees C., hins f three cycles per hour, for 2,000 cycles. 5.
A chip carrier conpri : _ a substrate including a surface bearing

el ectrical circuitry; at | east ond4seni conduct or chip nounted on said
surface via electrically conductive solder balls at |east partially
encapsul ated in a first encapsul ant héﬂA @ conposition which includes an
epoxy, a coefficient of thermal expansion (CTE) of said first encapsul ant
bei ng wi thin 30:pprasidr, edmpriéh: of sai d sol der balls; a second
encapsul ant which covers and théreby encapsul ates at |east a portion of

sai d el ectri cal subktie ifclyding a Satfacesbdaging 2lettrivd! éidd@dtrgnd whi ch contacts and
at least partially encircles at |least a portion of said first encapsul ant,
Char act eri zed at teadiharte semicondsefiod chipcmouhted om paid|sarfaceeia efectrivajip cohdwtivehi ch
includes a urethane, said conposition of said second encapsul ant bei ng
chosen so soldgr balls@h lease perially cemcapsulaged in o first emcapsuland Suypig, a samposisioand
encapsul ant _exhi bits neither delampation fromsaid substrate, nor

cracki ng, Witeh iseludesc anpereys i & reoekficient r ofa theymal, expapsiano (CTEY ofe sridefirst,
Lo 85 deg G it vlthe S50 BOne s L OTE il Bfter B O N veles

a second encapsulant which covers and thereby encapsulates at least a portion'of

at an inter“mbetv\eﬁﬁ jai d first and second encapsul ants, when said chip
I'si ng

said electrical circuitry on said substrflte surface and which contacts and at least partially
encircles at least 2 portion of said first encapsulant, Characterized In That

said second encapsulant has a composition which includes a urethane and said
composition is chosen so that said second encapsulant exhibits a modulus of elasticity
equal to or less than about 10,000 psi at 25 degrees C.
2. The chip carrier of claim 1, wherein said second encapsulant also covers and
thereby encapsulates at Jeast a portion of an upper, exposed surface of said at least one
semiconductor chip. '
3.  The chip carrier of claim 1, further comprising a heat sink directly mounted on an
upper, exposed surface of said at least one semiconductor chip.
4. A chip carrier, comprising:

# substrate including a surface bearing electrical circuitry;

at least one semiconductor chip mounted on said surface via electrically conductive
solder balls at least partiaill_y_eﬁcapsulated in a first encapsulant having a composition
which includes an epoxy, a coefficient of thermal expansion (CTE) of said first
encapsulant being within 30 percent of a CTE of said solder balls;

a second encapsulant which covers and thereby encapsulates at least a portion of
said electrical circuitry on said substrate surface and which contacts and at least partially

encircles at least a portion of said first encapsulant, Characterized In That
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15 ' 4. The chip carrier according to any of the preceding clains,
wherein said seco MMH j Hllﬂ o covers and thereby encapsul ates at
| east a portlon of d surface of said at |east one .
sem conduct or chi p. he chip carrier according to any of the

precedi ng cl ai ns, \/\herel n sai d second” encapsulant is a U cured
encapsul ant. - 6. The chip carrier according to any of the preceding

clainms, 10 furddiersecond dnshpilant NBAt asé&ﬁpdéidoﬁCWhYch”%H}ﬁ&g 8 NufdthaddBP Said
exposed surface of said at |east one sem’'conductor chip.

composition of said second encapsulant being chosen so that when viewed under a 10X;
optical microscope, said second encapsulant exhibits neither internal cracks, nor cracks
at an interface between said first and second encapsulants, when said chip carrier is
subjected to thermal cycling between 0 degrees C. and 100 degrees C., at a frequency of
three cycles per hour, for 2,000 cycles.
5. A chip carrier comprising:

a substrate including a surface bearing electrical circuitry;

at least one semiconductor chip mounted on said surface via electrically conductive
solder balls at least partially encapsulated in a first encapsulant having a compositioﬁ
which includes an epoxy, a coefficient of thermal expansion (CTE) of said first
encapsulant being within 30 percent of a CTE of said solder balls;
| a second encapsulant which covers and thereby encapsulates at least a portion of
'said electrical circuitry on said substrate surface and which contacts and at least partially
encircles at least a portion of said first encapsulant, Characterized In That

said second encapsulant has a composition which includes a urethane, said
composition of said second encapsulant being chosen so that, when viewed under a 10X;
optical microscope, said second encapsulant exhibits neither delamination from said
substrate, nor cracking, when said chip carrier is thermally cycled from -40 degrees C.

to +65 degrees C., at a frequency of one cycle per hour, for ten cycles.
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