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2 4 J U L 2002 The present invention relates to a semiconductor package
arrangement and. more particularly pertains to a light weight and
miniaturized electronic package or module, wherein dimensions between an
integrated circuit comprising a semiconductor chip and those o a chip
carrier have been optimized in order to provide for minimum weight and size
relationships. Furthermore. the invention is directed to a novel method of
forming the semiconductor package arrangement so as to produce a small,
lightweight and essentially miniaturized chipsized chip carrier package
module. In the electronic packaging technology, particularly with regard to
semiconductor Chip configurations incorporating integrated circuits,
considerable differences are encountered in connection with the extent of
thermal expansion due to the different Coefficients of thermal ~W which are
encountered between semiconductor chips and the chip carrier substrate
which supports the chips. This results in the carrier substrate, such as
employed in a epoxy glass laminate plastic ball grid array (8GA) being
subjected to high levels of generated mechanical stresses and to extensive
warpage) tending to adversely influence the electrical interconnects and
possibly resulting in the failure of the electronic circuitry. Moreover)
the problem is excascerbated with   2 ~r J U L 20U2 -2 the constant
increases in the sixes of semiconductor chips and their overall
dimensions., as is predicated on current industry projections or roadmaps
and also past trends in the technology. For instances, current flipchip
ball grid array (BGA) package designs are frequently subject to serious
reliability risk including chip fracture risks in view of high tensile
stresses which are encountered in the semiconductor chip. zn particular,
these high stresses are generated at the backside of the chip and also
along the edge of the chip, where wafer dicing induced damage frequently
form sites for the initiation of cracks or propagation of fissures. In
order to alleviate the foregoing problems, the invention is adapted to
considerably reduce the magnitude of stresses which are encountered in the
semiconductor or electronic circuitry package, and is, in particular,
adapted to ameliorate any stresses which are encountered at the edge of the
package to very low and tenable levels, thereby eliminating chip fracture
risks which are based on thermally-induced stresses acting on the chip .
edge wherein fracture initiation is especially susceptible due to the
dicing of the wafer. Moreover, there i.s a lessening of any risk of BGA
solder ball fatigue being encountered by the balls which are located toward
the edge of the so-called chip shadow, inasmuch as , pursuant to the
inventive electronic package arrangement, solder balls are no longer
arranged at the edge of the chip shadow, thereby eliminating the generating
of any stresses at that location. Basically, the present inventive concept
of the electronic or semiconductor or   2 ~r J U L 2002 -3 chip package
renders it possible to provide for molded packages where, currently. Chip
size limitations do not allow for molding;.for example, such as for
specialized types of flip-chip plastic ball grid array packages. The chip
assembly is presently handled individually, irrespective as to whether by
solder reflow or wireboad, and wherein the present inventive electronic or
semiconductor chip package arrangement and the method of producing the
foregoing simplifies to a considerable extent the assembly procedure to the
wafer level, and with a considerable potential for reducing manufacturing
and assembly processing costs. DISCUSSION OF THE PRIOR In the presently
practiced technology which concerns itself with the producing of
chip-package modules consisting of semiconductor Chips which are supported
on substrates, such as chip carriers, the above-mentioned problems are
particularly in evidence with regard to high., tensile stresses
particularly along the edge of the chip generated due to wazpage and
differentials in coefficients of thermal expansion,present between the
semiconductor chip and the Chip carrier ordinarily due to the chip being of
a Size which is smaller than the overall size or peripheral dimensions of
the chip carrier. 



Nagano) U.S. Patent Nos. S,646,830 and 5,473,514 each disclose
semiconductor devices having interconnecting   2 4 JUL 2002 -4 circuit
boards, wherein islands constituting semiconductor chip carriers are
essentially sized so as to provide peripheral dimensions which are larger
than those of the integrated circuits or semiconductor chips which are
positioned thereon. The interconnections of these components; in effect,
the semiconductor chips and the chip carriers are subjected to stresses
generated proximate the edges thereof, and which result in potential
interconnect failures due to warpage created by the differences in the
coefficients of thermal expansion evident between the semiconductor chip
and chip carrier components. Miles, et al., U.S. Patent No. S,535,101
discloses a leadless integrated circuit package module including a
substrate or semiconductor chip carrier having an integrated circuit chip
mounted thereto. In that instance, the substrate or carrier is of a larger
overall dimension than the semiconductor chip which. due to the differences
in their Coefficients of thermal expansion, will in response to the
generation of heat again cause high tensile stresses to be generated due to
warpage between the components, thereby potentially resulting in failure of
the electrical. interconnects or joints, especially along the edge regions
intermediate the components. Mullen, III, et al., U.S. Patent No. 5,241,133
discloses a leadless pad array chip carrier having a semiconductor chip
mounted thereon, wherein the carrier or substrate is   2 ~r J U L 2002 _s_
of larger overall dimensions than those of the semiconductor chip. This
structure, as in the previously described patents, will, also lead to the
generating of high stresses, particularly along the edges of the
semiconductor chip, due to heat-induced warpage encountered during
operation. Tanaka, U.S. Patent No. 5,363,277 discloses a semiconductor chip
which is supported on a chip carrier, the latter of which possesses overall
larger peripheral dimensions than the chip, and wherein the differing
thermal expansion properties between the chip and the chip carrier
substrate are conducive to the generating of high mechanical stresses and
resultingly considerable warpage, thereby potentially resulting in fatigue
and electrical connect joint failures. SUMMARY OF THE INVENTION
Accordingly, in older to obviate the foregoing problems which are prevalent
in the current state-of-t,hetechaology, the present invention contemplates
the provision of a semiconductor package arrangement or module, and also
discloses a method for the forming of the package arrangement in which the
size of the semiconductor chip is essentially larger than that of the chip
carrier substrate. The chip Carrier, which may be an organic laminate,
multi-layer ceramic substrate or flexible substrate, as required by
specific applications, is basically designed to possess overall smaller   2
4 J U L 2002 6 peripheral dimensions than those of the integrated circuit
or semiconductor chip which is adapted to be mounted thereon. In essence,
the chip carrier or substrate is electrically connected to the
semiconductor chip through the intermediary of either solder bumps or a
conductive adhesive, or other suitable flip chip connection methods. The
utilization of an 



electronic package arrangement which comprises the mounting of a chip on a
chip carrier or substrate, wherein the latter is of smaller peripheral
dimensions than the semiconductor chip, and thereby eliminates in
particular the edge stresses generated by the differentials in thermal
expansion between the chip and chip carrier substrate, and in effect,
reducing the previously generally encountered high mechanical stresses and
extensive heat-induced warpage leading to potential failure of the
electrical interconnects or solder joints. According to a first aspect of
the invention there is provided an electronic package arrangement
comprising, in combination: (a) a plurality of insulative earner members;
(b) a plurality of semiconductor chips being in a wafer form and wherein
said plurality of insulative carrier members are superimposed one each on
respectively one each of said semiconductor chips, each said semiconductor
chip being attached to one -- side of one respective said insulative
carrier member, said semiconductor chip having at least one edge extending
beyond an associated edge of the therewith attached said insulative carrier
member; and (c) means for effectuating an electrical connection between
each said semiconductor chip and said insulative carrier member.   2 ~ J U
L 2002 According to a second aspect of the invention there is provided a
method of forming an electronic package arrangement comprising the steps
of: (a) attaching a plurality of semiconductor chips which are in a wafer
form, each respectively to one side of a plurality of insulative carrier
members which are superimposed one each on respectively one each of said
semiconductor chips, said 



semiconductor chips having at least one edge extending beyond an associated
edge of the therewith associated said insulative Garner member; and (b)
effectuating an electrical connection between each said semiconductor chip
and a therewith associated said insulative carrier member.   2 ~r J U L
2002 Brief Description of the Drawings 8 Reference may now be had to the
following detailed description of exemplary embodiments of the invention,
taken in conjunction with the accompanying drawings; in which: Figure 1
illustrates a cross-sectional view through a first embodiment of the
semiconductor package arrangement; Figure 2 illustrates a cross-sectional
view through a second embodiment of the semiconductor package arrangement;
Figures 3 and 4 illustrate, respectively, cross-sectional and plan views of
a wafer for producing a plurality of semiconductor chip arrangements; and
Figure 5 illustrates a cross-sectional view of a semiconductor chip sliced
from the wafer of Figure 4.   2 ~t J U L 2002 -9 ~7ET TLFn n .~ RTPTT(1TT
OF FRR RRRF17 RMR01)TMF.'NTS 



Figure 1 illustrates a~first embodiment o a semiconductor package
arrangement 10 pursuant to the invention, in which a substrate or chip
carrier 12 for the semiconductor chip 14 esserxtially consists of either an
organic laminate, single or mufti-layer ceramic substrate or a flexible
substrate, possibly consisting of a suitable non-conductive material. The
chip carrier substrate, in its overall or outer peripheral dimensions; for
example, as illustrated being essentially rectaagul.ar in shape, is
designed to be smaller than the semiconductor chip dimensions. At least one
of the edge portions 16 of the chip carrier substrate 12 ~.s recessed or
set back from'the associated edge portion 18 of the semicot~ductor chip 14,
althoughpreferably the entire periphery of the chip carrier substrate 12 is
recessed or a11 edges set back within the peripheral confines of the
semiconductor chip 14. As illustrated in Figure 1 of the drawings, the chip
carrier substrate 12 is electr~.cally connected with the semiconductor chip
14 through a conductive adhesive 20 interposed therebetween, or it is also
possible to Contemplate the employment of other flip chip connection
methods including solder balls, stud bumps, conductive paste) conductive
film or any other mechanical or metallurgical interconnection. The
interconnection, as indicated in that instance, may in addition be a
wirebond 22 which extends within an insularxve molding compound or within
an encapsulating material projecting from the upper peripheral surface of
the semiconductor chip 14 over the upper surface 24 of the chip carrier
substrate 12. 2n the case where the   2 ~r J U L 2'002 -~o flip chip
interconnection employs soldex bump or stud bump or other conductive bumps
or metallurgical bumps, the underfill encapsulate matezial 26 which fills
the space between the chip carrier substrate 12 and the semiconductor chip
14 is arranged belowr the substrate shadow. The underfill material forms
essentially a fillet 26 around the substrate 12 over the chip 14. In the
case where there are wirebond the encapsulant material will encapsulate the
waxes. The surface of the chip carrier may also form a surface region on
which solder balls 30, bumps or other conductors are adapted to produce an
electrical connection with a subsequent layer; far instance, a printed
circuit board (not shown) or the like_ As illustrated in Figure l, this is
in a form of ball grid array (8GA) solder balls 30. Although, solder balls
30 or bumps on the semiconductor chip 14 are illustrated herein, this
further interconnection could be constituted wirebonds stud bumps,
conductive adhesives, conductive compounds, electrically conductive films,
or any other mechanical or metallurgical interconnections, as is well known
in the technology. Fuxsuant to a variant of the foregoing, which utilizes
the wirebond, the electronic substrate chip carrier 12 may be positioned on
the active side of the semiconductor chip 1~4 with a die bond adhes~.ve,
and wherein electr3,ca1 connection is made from the edge of the chip not
covered by the substrate shadow. Molding encapsulation or plop top
materials are suitably applied so as to maintain the bonding wires in
position, and the connection to the next   2 ~r J U L 2'002 -11 level of
the electronic package is provided for by the ball grid array 30. Reverting
to the modified embodiment shown in Figure 2 of drawings, in which similar
or identical components are identified by the same reference numeral, in
that instance the foregoing concepts are combined in that a portion of the
electrical interconnection is implemented between the semiconductor chip 14
and the chip carrier substx'ate 14 through a conductive adhesive 36; for
example, for signal interconnections; arid far some of the other connection
made with wirebond 38; for example, for power connections, leading to the
other side of the carrier substrate and thereafter empXoyi.ng molding
compound encapsulation or glop top 40, as shown in Figure 2 encompassing
the perimeter 42 of the semiconductor chap 14. In this connection, the flip
chip package can be molded ~o that the molding compound comes either to the
edge of the chip surface, as shown in Figure 1, ox extends about the edge
side surfaces, as shown in Figure 2 of the drawings. In connection with the
foregoing, it is not absolutely necessary that the both, the length and
width of the semiconductor chip 14 be larger than that of the chip carrier
substrate 12. One lateral dimension of the carrier substrate 12 can be
smaller or shorter than the corresponding dimension of the semiconductor
chip 14, whereas the other lateral or edge dimensions can be either
smaller, equal to ox possibly even somewhat Larger than the corresponding
dimensions of the chip. The underfill encapsulant 26, 40 is adapted to fill
the common projected space between the chip caxx'~.er substrate   2 4 JUL
Z002 -12 12 and the semiconductor chip 14, whereas the underfill fillet
will also extend over the two chip edges and the carrier surface, and over
the two carrier edges and the chip surfaces, respectively. As illustrated
i.x~ Figures 3 and 4 of the drawings, in which the chip carrier substrate
12 is smaller ~.z~ saze than the dimensions of the semiconductor chip 14 on
a11 sides thexeo, the assembly process can be implemented on a wafer 50
which is adapted to provide a plurality of individual semiconductor chips
14. Thus, Figures 3 and 4 illustrate the plurality or array of chip
carriers 12 being assembled onto the wafer 50 prior to the dicing of the
wafer into individual semiconductor chips. In essence, the assembly process
can be implemented as follows: a) wafer surface treatrnEZxt for passivation
adhesion to underfill (optional); b) solder surface treatment or flux for
solder 



j o~.ning; c) pick and place chip carriers 12 on the chaps 14 at sites
which have already been tested for their reliability) with the carrier
terminals positioned over the chip solder bumps; d) place and process wafer
SO in a solder reflow oven; e) implement treatment to enhance underfill
(26, 40) adhesion; for example, plasma (optional); f) apply underfill
materials (26, 40) simultaneously over surface 52 of wafer 50 to ensure
~.lling of underfill 26, 40 into spaces in between the wafer 50 and the
chip carriers 12;   2 4 JUL 2fl02 -13  g) implement a thermal cure of the
underfil.l materials 26, 40; h> dice the wafer SO zz~to the individual
semiconductor chip packages 10; i) test and package in, suitable trays for
stock; and optionally implement solder ball reflow process for ball gr~.d
array. Refe~cring to Figure 5 of the drawings in which components which are
similar to or identical with those of the preceding embodiments are
identified by the same reference numerals, this illustrates the assembled
module 10 consisting of a sing~.e~ semiconductor chip 14 and the therewith
connected chip carrier substrate 12 produced by the wafer dicing procedure.
In the event that the underfill encapsulant is a no-flow underfill
encapsularit, the above assembly steps a) to f) may be suitably modxfxed
dep~ndxng upon the materials being employed_ In the event that the
assembling process in connection with the foregoing is employed in
conjunction with a conductive adhesive, a conductive adhesive film, a
conductive paste or other interconnection methods, the above reflow steps
may be replaced by appropriate process steps depending upon the materials
being employed. From the foregoing) xt becomes readily apparent to one of
skill in this art that there is provided a simple electronic or
semiconductor package arrangement 10 az~d a method for producing the latter
either individually or sliced from wafers, and whereizr, tl:~,is results in
the   2 ~r JUL 2002 -14 production of small-sized or miniaturised
semiconductor chip packages 10 which are lighter ixx weight and relatively
inexpensive to :manufacture) and which are more readily adapted for the
evermore vigorous standards the applicable electronics technology. While
there has been shown and described what are considered to be preferred
embodiments of the invention, it will, of course, be understood that
various modifications and changes in form or detail could readily be made
without departing from the spirit of the irnrention. It is, therefore,
intended that the invention be not limited to the exact form and detail
herein shown and described, nor to anything less than the whole of the
invention herein disclosed as hereinafter claimed.   2 4 J U L 2002 



-15 The claims defining the invention are as follows: 1. An electronic
package arrangement comprising, in combination: (a) a plurality of
insulative carrier members; (b) a plurality of semiconductor chips being in
a wafer form and wherein said plurality of insulative carrier members are
superimposed one each on respectively one each of said semiconductor chips,
each said semiconductor chip being attached to one side of one respective
said insulative Garner member, said semiconductor chip having at least one
edge extending beyond an associated edge of the therewith attached said
insulative Garner member; and (c) means for effectuating an electrical
connection between each said semiconductor chip and said insulative carrier
member. 2. An electronic package arrangement as claimed in claim 1 wherein
said wafer form is sliceable into a plurality of individual said package
arrangements each comprising one said semiconductor chip and attached
insulative chip Garner. - 3. A package arrangement as claimed in claim 2,
wherein said electrical connection means comprises electrically conductive
bumps located intermediate each said chip and a therewith associated said
Garner member. 4. A package arrangement as claimed in claim 2, wherein said
electrical connection means comprises wire bonds extending between each
said chip and an opposite side of said carrier member, said wire bonds
extending over said associated extending edge of said carrier member.   2 ~
J U L 2'002 



-16 5. A package arrangement as claimed in claim 2, wherein said electrical
connection means comprises electrically conductive bumps located
intermediate each said chip and said therewith associated carrier member;
and wire bonds extending between each said chip and an opposite side of
said therewith associated carrier member, said wire bonds extending over
said associated edge of said carrier member. 6. A package arrangement as
claimed in claim 2, wherein said semiconductor chip is dimensioned so as to
extend outwardly of the entire periphery of the therewith associated said
insulative carrier member. 7. A package arrangement as claimed in claim 2,
wherein an opposite side of each said insulative carrier member has solder
balls or other electrical interconnection means thereon for forming an
electrical connection to another electronic layer. 8. A package arrangement
as claimed in claim 2, wherein said electrical connection means each
comprise a die bond adhesive interposed between each said chip and said
carrier member. 9. A package arrangement as claimed in claim 2, wherein
said electrical connection means is selected from the group consisting of a
conductive adhesive and wire bond, and said electrical connection means
further comprises an underfill consisting of a molding compound encapsulate
extending about the edge of the chip surfaces.   2 ~r J U L 2002 - 17 10. A
method of forming an electronic package arrangement comprising the steps
of: 



(a) attaching a plurality of semiconductor chips which are in a wafer form,
each respectively to one side of a plurality of insulative carrier members
which are superimposed one each on respectively one each of said
semiconductor chips, said semiconductor chips having at least one edge
extending beyond an associated edge of the therewith associated said
insulative Garner member; and (b) effectuating an electrical connection
between each said semiconductor chip and a therewith associated said
insulative carrier member. 11. A method of forming an electronic package
arrangement as claimed in claim 10 wherein said wafer form is sliceable
into a plurality of individual said package arrangements each comprising
one said semiconductor chip and attached insulative chip Garner. 12. A
method of forming a package arrangement as claimed in claim 11, wherein
each said electrical connection comprises locating electrically conductive
bumps intermediate said each chip and the therewith associated said carrier
member. 13. A method of forming a package arrangement as claimed in claim
11, wherein said electrical connections each comprise extending wire bonds
between said chip and an opposite side of said carrier member, said wire
bonds extending over said associated extending edge of said Garner member.
2 4 J U L 2'002 - is  14. A method of forming a package arrangement as
claimed in claim 11, wherein said electrical connections each comprise
locating electrically conductive bumps located intermediate said chip and
said carrier member; and extending wire bonds 



between said chip and an opposite side of said carrier member, said wire
bonds extending over said associated edge of said carrier member. 15. A
method of forming a package arrangement as claimed in claim 11, wherein
each said semiconductor chip is dimensioned so as to extend outwardly of
the entire periphery of said insulative Garner member. 16. A method of
forming a package arrangement as claimed in claim 11, wherein an opposite
side of each said insulative carrier member has solder balls thereon for
forming an electrical connection to another electronic layer. 17. A method
of forming a package arrangement as claimed in claim 11, wherein said
electrical connection comprises interposing a die bond adhesive interposed
between each said chip and the therewith associated said carrier member.
18. A method of forming a package arrangement as claimed in claim 11,
wherein said electrical connection is selected from the group consisting of
a conductive adhesive and wire bond, and said electrical connection means
further comprises an underfill selected from the group consisting of an
underfill encapsulant and a molding compound encapsulate extending about
the edge of the chip surfaces. .AY .A3?.A,.A F.A.Aul_.A;,&.A.A .A .Al.Al
l_.A3 !R.A@!.A;.A .A .A  
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