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(57) ABSTRACT 

A solder mask for ?ip chip interconnection has a common 
opening that spans a plurality of circuit elements. The solder 
mask alloWs con?nement of the solder during the remelt 
stage of interconnection, yet it is Within common design 
rules for solder mask patterning. Also, a substrate for ?ip 
chip interconnection includes a substrate having the com 
mon opening that spans a plurality of circuit elements. Also, 
a ?ip chip package includes a substrate having a common 
opening that spans a plurality of circuit elements. 
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FLIP CHIP INTERCONNECT SOLDER MASK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority from Us. Provi 
sional Application No. 60/594,885, ?led May 16, 2005, 
titled “Solder con?nement integrated circuit package sys 
tem”, Which is incorporated by reference herein. 

BACKGROUND 

[0002] This invention relates to semiconductor packaging 
and, particularly, to ?ip chip interconnection. 

[0003] Flip chip packages include a semiconductor die 
mounted onto a package substrate With the active side of the 
die facing the substrate. Conventionally, interconnection of 
the circuitry in the die With circuitry in the substrate is made 
by Way of bumps Which are attached to an array of inter 
connect pads on the die, and bonded to a corresponding 
(complementary) array of interconnect pads (often referred 
to as “capture pads”) on the substrate. 

[0004] The areal density of electronic features on inte 
grated circuits has increased enormously, and chips having 
a greater density of circuit features also may have a greater 
density of sites for interconnection With a package substrate. 

[0005] The package is connected to underlying circuitry, 
such as a printed circuit board (e.g., a “motherboard”) in the 
device in Which it is employed, by Way of second level 
interconnects (e.g., pins, solder balls) betWeen the package 
and the underlying circuit. The second level interconnects 
have a greater pitch than the ?ip chip interconnects, and so 
the routing on the substrate conventionally “fans out”. 
Signi?cant technological advances have enabled construc 
tion of ?ne lines and spaces; but in the conventional arrange 
ment space betWeen adjacent pads limits the number of 
traces than can escape from the more inWard capture pads in 
the array, and the fan out routing betWeen the capture pads 
beneath the die and the external pins of the package is 
conventionally formed on multiple metal layers Within the 
package substrate. For a complex interconnect array, sub 
strates having multiple layers may be required to achieve 
routing betWeen the die pads and the second level intercon 
nects on the package. 

[0006] Multiple layer substrates are expensive, and in 
conventional ?ip chip constructs the substrate alone typi 
cally accounts for more than half the package cost (about 
60% in some typical instances). The high cost of multilayer 
substrates has been a factor in limiting proliferation of ?ip 
chip technology in mainstream products. 

[0007] In conventional ?ip chip constructs the escape 
routing pattern typically introduces additional electrical 
parasitics, because the routing includes short runs of 
unshielded Wiring and vias betWeen Wiring layers in the 
signal transmission path. Electrical parasitics can signi? 
cantly limit package performance. 

[0008] In some conventional processes, ?ip chip intercon 
nection is made by contacting the bumps or balls on the die 
With corresponding interconnect sites on the substrate cir 
cuitry, and then heating to re?oW the fusible portion of the 
solder bumps (or to re?oW the solder bumps in their entirety) 
to make the electrical connection. In such processes the 
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melted solder may ?oW from the interconnect site along the 
metal of the circuitry, depleting the solder at the connection 
site; and Where the bumps are collapsible under re?oW 
conditions the bumps may contact adjacent circuitry or 
nearby bumps, resulting in electrical failure. To avoid these 
problems, typically in conventional ?ip chip packages the 
solder is con?ned by a “solder mask”, consisting of a layer 
of dielectric material overlying the patterned metal layer at 
the die mount surface of the substrate, and having openings 
each exposing an interconnect site on the underlying cir 
cuitry. Process limitations in patterning the solder mask 
prevent reliably forming Well-aligned and consistently 
dimensioned openings and, accordingly, Where a solder 
mask is employed, substrates having ?ne circuitry feature 
dimensions as Would be required for ?ner pitch intercon 
nection are not attainable. 

[0009] The interconnect pitch in conventional ?ip chip 
interconnects is limited in part by the dimensions of the 
capture pads on the substrate (typically the capture pads are 
much Wider than the circuit elements connecting them). 
Recently ?ip chip substrate circuitry design has been dis 
closed, in Which reliable interconnection is made on narroW 
circuit elements on the substrate, as for example in “bond 
on-narroW pad interconnections” (BONP), as described gen 
erally in copending U.S. application Ser. No. 11/388,755, 
?led Mar. 26, 2006; and as for example in “bump-on-lead 
interconnections” (BOL), as described generally in copend 
ing U.S. application Ser. No. ll0/985,654, ?led Nov. 10, 
2004, both incorporated herein by reference. Where a con 
ventional solder mask is to be employed, limitations in the 
process for patterning the solder mask can limit pitch 
reduction even in some BONP or BOL substrate con?gura 
tions. The exposed bondable surface of the lead may be 
contaminated by or covered by solder mask residue, result 
ing in an imperfect solder joint; or, the bondable surface of 
the lead may be inconsistently or only partially exposed at 
the interconnect site, resulting in an unreliable and incon 
sistent trace structure. 

SUMMARY 

[0010] Generally according to the invention, a solder mask 
for ?ip chip interconnection has a common opening that 
spans a plurality of circuit elements. The solder mask alloWs 
con?nement of the solder during the remelt stage of inter 
connection, yet it is Within common design rules for solder 
mask patterning. 

[0011] In one general aspect the invention features a 
?ip-chip package substrate, including a patterned metal 
layer on a die attach side of a dielectric substrate layer, the 
metal layer including interconnect sites, the substrate includ 
ing a solder mask having an opening spanning a plurality of 
the interconnect sites. 

[0012] In some embodiments the plurality of interconnect 
sites comprises interconnect sites arranged in a roW, and the 
opening comprises an elongate opening spanning the roW. 

[0013] 
shape. 

[0014] In some embodiments the interconnect sites are 
arranged in an array of roWs, and the opening comprises an 
elongate opening spanning one of the roWs of interconnect 
sites. 

In some embodiments the opening has an irregular 
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[0015] In some embodiments the invention features a 
method for making a ?ip chip interconnection, comprising 
providing a substrate including a solder mask having an 
opening spanning a plurality of the interconnect sites, and 
mounting the chip onto the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a diagrammatic sketch of a portion of a 
?ip chip package substrate employing a conventional solder 
mask, in a sectional or plan vieW parallel to the plane of the 
package substrate surface, as indicated by the arroWs 1-1‘ in 
FIG. 2. 

[0017] FIG. 2 is a diagrammatic sketch shoWing a portion 
of a ?ip chip package substrate employing a conventional 
solder mask, in a sectional vieW perpendicular to the plane 
of the package substrate surface, as indicated by the arroWs 
2-2‘ in FIG. 1. 

[0018] FIG. 3 is a diagrammatic sketch shoWing a portion 
of a ?ip chip assembly including a die interconnected on a 
substrate as in FIGS. 1 and 2, in a sectional vieW perpen 
dicular to the plane of the package substrate surface. 

[0019] FIG. 4 is a diagrammatic sketch shoWing a portion 
of a ?ip chip interconnection of a die on a substrate having 
no solder mask, in a sectional vieW parallel to the plane of 
the package substrate surface, as indicated by the arroWs 4-4‘ 
in FIG. 5. 

[0020] FIG. 5 is a diagrammatic sketch shoWing a portion 
of a die on a substrate having no solder mask, in a sectional 
vieW perpendicular to the plane of the package substrate 
surface, as indicated by the arroWs 5-5‘ in FIG. 4. 

[0021] FIG. 6 is a diagrammatic sketch shoWing a portion 
of a ?ip chip package substrate employing a solder mask 
according to an embodiment of the invention, in a sectional 
or plan vieW parallel to the plane of the package substrate 
surface, as indicated by the arroWs 6-6‘ in FIG. 7. 

[0022] FIG. 7 is a diagrammatic sketch shoWing a portion 
of a ?ip chip interconnection of a die on a substrate 
employing a solder mask according to an embodiment of the 
invention, as in FIG. 6, in a sectional vieW perpendicular to 
the plane of the package substrate surface, as indicated by 
the arroWs 7-7‘ in FIG. 6. 

[0023] FIG. 8 is a diagrammatic sketch shoWing a portion 
of a ?ip chip assembly including a die interconnected on a 
substrate as in FIGS. 6 and 7, in a sectional vieW perpen 
dicular to the plane of the package substrate surface. 

DETAILED DESCRIPTION 

[0024] The invention Will noW be described in further 
detail by reference to the draWings, Which illustrate alter 
native embodiments of the invention. The draWings are 
diagrammatic, shoWing features of the invention and their 
relation to other features and structures, and are not made to 
scale. For improved clarity of presentation, in the FIGs. 
illustrating embodiments of the invention, elements corre 
sponding to elements shoWn in other draWings are not all 
particularly renumbered, although they are all readily iden 
ti?able in all the FIGs. 

[0025] All patents and patent applications referred to 
above and beloW are incorporated herein by reference. 
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[0026] The conventional ?ip chip interconnection is made 
by using a melting process to join the bumps (convention 
ally, solder bumps) onto mating surfaces of corresponding 
interconnect sites on the patterned metal layer at the die 
attach surface of the substrate. Where the site is a capture 
pad, the interconnect is knoWn as a “bump-on-capture pad” 
(“BOC”) interconnect; Where the site is a lead, or a narroW 
pad (Which may be a modest Widening of the circuitry) the 
interconnect is knoWn as a “bump-on-lead” (“BOL”) or 
“bump on narroW pad” (BONP) interconnect. In the BOC 
design a comparatively large capture pad is required to mate 
With the bump on the die. In some ?ip chip interconnections, 
an insulating material, typically knoWn as a “solder mask” 
is required to con?ne the ?oW of solder during the inter 
connection process. The solder mask opening may de?ne the 
contour of the melted solder at the capture pad (“solder mask 
de?ned”), or the solder contour may not be de?ned by the 
mask opening (“non-solder mask de?ned”); in the latter case 
the solder mask opening may be signi?cantly larger than the 
interconnect site (capture pad, narroW pad, or lead). As noted 
above, the techniques for de?ning solder mask openings 
have Wide tolerance ranges. Consequently, for a solder mask 
de?ned bump con?guration, the capture pad must be large 
(typically considerably larger than the design siZe for the 
mask opening), to ensure that the mask opening Will be 
located on the mating surface of the pad; and for a non 
solder mask de?ned bump con?guration, the solder mask 
opening must be larger than the capture pad. The Width of 
capture pads (or diameter, for circular pads) is typically 
about the same as the ball (or bump) diameter (Which may 
be measured at the attachment of the bump With the pad on 
the die), and can be as much as tWo to four times Wider than 
the trace Width. This results in considerable loss of routing 
space on the patterned metal layer at the die attach surface 
of the substrate. In particular, for example, the “escape 
routing pitch” is much bigger than the ?nest trace pitch that 
the substrate technology can offer. This means that a sig 
ni?cant number of pads must be routed on loWer substrate 
layers by means of short stubs and vias, often beneath the 
footprint of the die, emanating from the pads in question. 
[0027] Signi?cantly ?ner pitch interconnects may be 
obtained by employing BOL or BONP design. Various BOL 
structures, and methods for making them, are described for 
example in US. application Ser. No. 10/985,654, ?led Nov. 
10, 2004; and various BONP structures, and methods for 
making them, are described for example in US. application 
Ser. No. 11/388,755, ?led Mar. 24, 2006, both of Which are 
incorporated herein by reference. 
[0028] FIGS. 1-3 shoW aspects of a portion of a ?ip chip 
interconnection having a conventional solder mask. FIG. 1 
shoWs the substrate, in a diagrammatic sectional vieW or 
plan vieW taken in a plane parallel to the substrate surface. 
Certain features are shoWn as if transparent. The substrate 
includes a dielectric layer 12, supporting a metal layer at the 
die attach surface, patterned to form circuitry underlying the 
solder mask. The circuitry includes traces 15 including leads 
exposed at the interconnect sites 13 by openings 18 in the 
solder mask 16. The conventional solder mask may have a 
nominal mask opening diameter in the range about 80 um to 
90 um. Solder mask materials can be resolved at such 
pitches and, particularly, substrates can be made compara 
tively inexpensively With solder masks having 90 um open 
ings and having alignment tolerances plus or minus 25 um. 
In some con?gurations laminate substrates (such as 4 metal 
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layer laminates), made according to standard design rules, 
are used. In the embodiments of FIGS. 1-3, for example, the 
traces may be at ~90 um pitch and the interconnection sites 
may be in a 270 um area array, providing an effective escape 
pitch ~90 um across the edge of the die footprint, indicated 
by the broken line 11. 

[0029] In embodiments as in FIGS. 1-3 the interconnec 
tion if the die 34 onto the substrate 12 is achieved by mating 
each bumps 35 directly onto an interconnect site 13 on a 
narroW lead or trace 15 patterned on a dielectric layer on the 
die attach surface of the substrate 12. In this example there 
is no pad, and the solder mask 16 serves to limit How of 
solder Within the bounds of the mask openings 18, prevent 
ing solder ?oW aWay from the interconnect site along the 
solder-Wettable lead. The solder mask may additionally 
con?ne How of molten solder betWeen leads, or this may be 
accomplished in the course of the assembly process. 

[0030] As shoWn in FIG. 3, an under?ll 37 betWeen the 
active side of the die and the die mount surface of the 
substrate protects the interconnections and mechanically 
stabiliZes the assembly. Under?ll materials are knoWn; typi 
cally they include a resin, Which may be a curable resin, plus 
a ?ller, Which is typically a ?ne particulate material (such as, 
for example, silica or alumina particles). The particular resin 
and the ?ller (type of ?ller material, the particle siZe(s), e.g.), 
and the proportion of ?ller in the resin, are selected to 
provide suitable properties (mechanical and adhesion) to the 
under?ll material, both during processing and in the result 
ing under?ll. Conventionally the under?ll is formed after the 
interconnection has been made betWeen the interconnect 
sites on the substrate and the bumps on the die, by applying 
the under?ll material in a liquid form to the narroW space 
betWeen the die and the substrate near an edge of the die, 
Whereupon the under?ll material is permitted to How by 
capillary action into the space (“capillary under?ll”). Alter 
natively the under?ll can be formed by applying a quantity 
of under?ll material to the active side of the die or to the die 
mount side of the substrate, then moving the die toWard the 
substrate and pressing the bumps against the interconnect 
sites (“no-?ow under?ll”). In packages having a solder 
mask, as shoWn for example in FIGS. 1-3, a conventional 
capillary under?ll may be employed. 

[0031] FIGS. 4 and 5 shoW aspects of a ?ip chip inter 
connection in Which no solder mask is employed. FIG. 4 
shoWs a package assembly, in a diagrammatic partial sec 
tional vieW taken in a plane parallel to the substrate surface, 
along the lines 4-4' in FIG. 5. Certain features are shoWn as 
if transparent. In this example the interconnection is 
achieved by mating the bumps directly onto respective 
narroW leads or traces on the substrate and, accordingly, this 
is referred to herein as a “bump-on-lead” (“BOL”) intercon 
nect. Solder mask materials typically cannot be resolved at 
such ?ne geometries and, in such package assemblies, no 
solder mask is used. Instead the function of con?ning molten 
solder How is accomplished Without a solder mask in the 
course of the assembly process, typically a noncollapsible 
bump is employed together With solder on the lead; or a 
no-?oW under?ll process is employed (as described beloW). 
FIG. 5 shoWs a partial sectional vieW of a package as in 
FIG. 4, taken in a plane perpendicular to the plane of the 
package substrate surface, along the line 5-5' in FIG. 4. 

[0032] FIG. 4 shoWs by Way of example an escape routing 
pattern for a BOL substrate, arranged for a die on Which the 
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die attach pads are in an array of parallel roWs near the die 
perimeter. The bumps 45 are mated onto corresponding 
interconnect sites on the escape traces 43 in a complemen 
tary array near the edge of the die footprint, indicated by the 
broken line 41. As FIG. 4 illustrates, the routing density 
achievable using bump-on-lead interconnect can equal the 
?nest trace pitch offered by the substrate technology. In the 
speci?c case illustrated, this constitutes a routing density 
Which is approximately 90% higher than is achieved in a 
conventional bump-on-capture pad arrangement. In the 
perimeter array version of BOL (e.g., FIG. 4), the bumps are 
arranged on an area array, providing greater space for a 
larger bumping and bonding pitch, and relieving the tech 
nological challenges for the assembly process. Even in the 
array example, the routing traces on the substrate are at the 
same effective pitch as in a perimeter roW arrangement, and 
an arrangement as in FIG. 4 relieves the burden of ?ne pitch 
bumping and bonding Without sacri?cing the ?ne escape 
routing pitch advantage. 
[0033] Referring particularly noW to FIGS. 4 and 5, leads 
43 are formed by patterning a metal layer on a die attach 
surface of a substrate dielectric layer 42. Electrical inter 
connection of the die 14 is made by joining the bumps 45 on 
the die directly onto the leads 43. Certain of the escape 
traces, leading across the die edge location from intercon 
nect sites in roWs toWard the interior of the die footprint, 
pass betWeen the bumps 45 on more peripheral roWs of 
interconnect sites. No capture pads are required in this 
example and, oWing to the particular manner in Which the 
assembly is made, no solder mask is required; the process is 
described in detail beloW. 

[0034] The BOL interconnection structure such as is 
shoWn by Way of example in FIGS. 4 and 5 can be made by 
any of several methods, not requiring a solder mask. In 
general, interconnect bumps (typically solder bumps) are 
af?xed onto interconnect pads on the active side of the die. 
A die attach surface of the substrate (termed the “upper” 
surface) has an upper metal layer patterned to provide the 
traces as appropriate for interconnection With the arrange 
ment of bumps on the particular die. Because no capture 
pads are required, the patterned traces (leads) need only 
route through sites corresponding to a pattern complemen 
tary to the arrangement of bumps on the die. In some 
approaches, an encapsulating resin adhesive is employed in 
a “no-?ow under?ll” process to con?ne the solder ?oW 
during a melt phase of the interconnection process. The 
“no-?ow under?ll” is applied before the die and the sub 
strate are brought together, and the no-?oW under?ll is 
displaced by the approach of the bumps onto the leads, and 
by the opposed surfaces of the die and the substrate. The 
adhesive for the no-?oW under?ll adhesive is preferably a 
fast-gelling adhesive-that is, a material that gels suffi 
ciently at the gel temperature in a time period in the order of 
l-2 seconds. Materials suitable for the no-?oW under?ll 
adhesive include, for example, so-called non-conductive 
pastes, such as those marketed by Toshiba Chemicals and by 
Loktite-Henkel, for example. 

[0035] Methods employing a no-?oW under?ll to con?ne 
the solder during the remelt stage are described, for 
example, in US. Application No. [Atty Docket No. CPAC 
1024-2], by Rajendra D. Pendse et al., ?led May 15, 2006, 
titled “Flip chip interconnection”, Which is hereby incorpo 
rated herein by reference. 
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[0036] Alternative bump structures may be employed in 
the bump-on-lead interconnects having no solder mask. 
Particularly, for example, so-called composite solder bumps 
may be used. Composite solder bumps have at least tWo 
bump portions, made of different bump materials, including 
one Which is collapsible under re?oW conditions, and one 
Which is substantially non-collapsible under re?oW condi 
tions. The non-collapsible portion is attached to the inter 
connect site on the die; typical conventional materials for the 
non-collapsible portion include various solders having a 
high lead (Pd) content, for example. The collapsible portion 
is joined to the non-collapsible portion, and it is the col 
lapsible portion that makes the connection With the lead 
according to the invention. Typical conventional materials 
for the collapsible portion of the composite bump include 
eutectic solders, for example. 

[0037] As outlined above, methods for forming ?ip chip 
interconnection having high density have been proposed. 
HoWever, the density of ?ip chip interconnection in Which a 
solder mask is desired is limited by process capability of the 
solder mask patterning process. 

[0038] According to the invention, a solder mask con?gu 
ration alloWs con?nement of solder in high-density (?ne 
pitch) ?ip chip interconnects, yet is Within design rules for 
solder mask patterning. 

[0039] According to the invention, a solder mask is pro 
vided having at least one opening spanning tWo or more 
(usually a larger number in a roW) circuit elements such as, 
for example, leads or narroW pads. The opening has a 
generally elongated shape, and is oriented so that its longer 
dimension spans the circuit elements, and the shorter dimen 
sion limits the extent of exposure of the lengths of the circuit 
elements. Accordingly, the ?oW of fusible material that is 
melted during the re?oW step in the interconnection process 
is limited along the length of the circuit elements (leads, 
pads) by the Width of the solder mask opening, and the 
number of interconnect sites on Which the ?oW of melted 
bump material is so limited is determined by the length of 
the solder mask opening (and, therefore, by the number of 
pads or leads that are spanned by the opening). 

[0040] An idealiZed example is shoWn in FIGS. 6-8. For 
illustration, the circuitry on the substrate in these FIGs. is 
similar to that on the substrates in FIGS. 1 and 4. FIG. 6 
shoWs the substrate, in a diagrammatic sectional vieW or 
plan vieW taken in a plane parallel to the substrate surface. 
Certain features are shoWn as if transparent. The substrate 
includes a dielectric layer 62, supporting a metal layer at the 
die attach surface, patterned to form circuitry underlying the 
solder mask. The circuitry includes traces 65 including leads 
exposed at the interconnect sites 63, 63', 63" by elongated 
openings 68, 68', 68" in the solder mask 66. In this example, 
the interconnect sites are arranged (as in FIG. 1, for 
example) in an orthogonal array of 3 roWs each generally 
parallel to the die edge 61, and each of the elongated 
openings 68, 68', 68" exposes one of the roWs of intercon 
nect sites. As FIG. 6 shoWs, the entire roW of interconnect 
sites 63 is exposed by the opening in the solder mask 66 (the 
position of the solder mask beyond the section shoWn at 66 
in broken outline in FIG. 7). 

[0041] As shoWn in FIG. 8, a ?ip chip interconnect 
structure is formed according to the invention by providing 
a die 14 having bumps attached to die pads, and bonding the 
bumps 85 onto interconnect sites 63 on the substrate 62. 
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[0042] The Width (narroW dimension) of the elongated 
solder mask serves to limit ?oW of solder aWay from the 
interconnect site along the solder-Wettable lead. The Width 
(narroW dimension) of the elongated solder mask opening 
according to the invention may in some embodiments be 
determined by the limit of the design rules for patterning the 
solder mask; it may, for example, approximate the Width (or 
diameter) of a conventional solder mask opening. The Width 
may have a nominal mask Width in the range about 80 um 
to 90 um or less, but it can be 100 um or more. Solder mask 
materials can be resolved at such pitches and, particularly, 
substrates can be made comparatively inexpensively With 
solder masks having 90 um openings and having alignment 
tolerances plus or minus 25 um. In some con?gurations 
laminate substrates (such as 4 metal layer laminates), made 
according to standard design rules, are used. 

[0043] According to the invention, the feature siZes 
required for the solder mask can be made coarser; because 
the elongate solder mask opening spans a number of leads, 
the alignment of the mask openings With the interconnect 
sites can be signi?cantly relaxed. Risk of partial exposure of 
bondable areas of leads at interconnect sites is practically 
avoided. Solder run-o? along the length of the circuit 
features at the interconnect sites is con?ned by the opening 
(Width dimension). And runo? toWard adjacent circuit fea 
tures is mitigated (at least) because the dielectric material of 
the substrate dielectric is not Wettable by the solder. 

[0044] In some embodiments the interconnect includes a 
bump, metallurgically joined to an interconnect site (e.g., 
lead or narroW pad); this may include solder ?llets formed 
along the surrounding surface and exposed sideWalls of the 
lead. 

[0045] In some embodiments the interconnect is formed in 
tWo broad steps: the bump is thermo-mechanically joined to 
the lead Without melting; and a no-?oW under?ll is cured to 
a gel stage; thereafter the bump is melted in a re?oW 
operation to form a reliable interconnection. This con?nes 
the joint to a relatively small volume and minimiZes the risk 
of solder bridging to an adjacent circuit element. 

[0046] Solder paste can be provided at the interconnect 
sites on the leads, to provide a fusible medium for the 
interconnect. The paste is dispensed, for example by a 
standard printing process, then is re?oWed, and then may be 
coined if necessary to provide uniform surfaces to meet the 
balls. The solder paste can be applied in the course of 
assembly; or, a substrate may be provided With paste suit 
ably patterned prior to assembly. Other approaches to apply 
ing solder selectively to the interconnect sites may be 
employed in the solder-on-lead embodiments, including 
electroless plating and electroplating techniques. The solder 
on-lead con?guration provides additional solder volume for 
the interconnect, and can accordingly provide higher prod 
uct yield, and can also provide a higher die stando?. 

[0047] For interconnection of a die having high-melting 
temperature solder bumps (such as a high-lead solder, con 
ventionally used for interconnection With ceramic sub 
strates) onto an organic substrate, the solder mask of the 
invention ca be employed to limit the ?oW of fusible solder 
paste along the circuit element near the interconnect site. 
The solder paste can be selected to have a melting tempera 
ture loW enough that the organic substrate is not damaged 
during re?oW. To form the interconnect in such embodi 
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ments the high-melting interconnect bumps are contacted 
With the solder-on-lead sites, and the remelt fuses the 
solder-on-lead to the bumps. Where a noncollapsible bump 
is used, together With a solder-on-lead process, no preap 
plied adhesive is required, as the displacement or How of the 
solder is limited by the fact that only a small quantity of 
solder is present at each interconnect, and the noncollapsible 
bump prevents collapse of the assembly. 

[0048] In other embodiments the solder-on-lead con?gu 
ration according to the invention is employed for intercon 
nection of a die having eutectic solder bumps. 

[0049] Packages according to the invention, employing 
no-?oW under?ll techniques, can be made for example as 
folloWs. A substrate is provided, having at least one dielec 
tric layer and having a metal layer on a die attach surface. 
The metal layer is patterned to provide circuitry, particularly 
traces or leads and including sites for interconnection, on the 
die attach surface. The substrate is supported, for example 
on a carrier or stage, With a substrate surface opposite the die 
attach surface facing the support. A die is provided, having 
bumps attached to die pads on the active side. The bumps 
include a fusible material Which contacts the mating surfaces 
of the leads. A quantity of an under?ll (?lled encapsulating 
resin adhesive) is dispensed over the die attach surface of the 
substrate, covering at least the interconnect sites on the 
leads; or over the active side of the die. Apick-and-place tool 
including a chuck picks up the die by contact of the chuck 
With the backside of the die. Using the pick-and-place tool, 
the die is positioned facing the substrate With the active side 
of the die toWard the die attach surface of the substrate; and 
the die and substrate are aligned and moved one toWard the 
other so that the bumps contact the corresponding intercon 
nect sites on the traces (leads) on the substrate. Then a force 
is applied to press the bumps onto the mating surfaces at the 
interconnect sites on the leads. The force must be suf?cient 
at least to displace the adhesive from betWeen the bumps and 
the mating surfaces at the interconnect sites on the leads. The 
bumps may be deformed by the force, breaking the oxide 
?lm on the contacting surface of the bumps and/or on the 
mating surface of leads. The deformation of the bumps may 
result in the fusible material of the bumps being pressed onto 
the top and over the edges of the lead. The adhesive is 
caused to cure at least partially, as shoWn at, as for example 
by heating to a selected temperature. At this stage the 
adhesive need only be partially cured, that is, only to an 
extent suf?cient subsequently to prevent How of molten 
solder along an interface betWeen the adhesive and the 
conductive traces. Then the fusible material of the bumps is 
melted and then is re-solidi?ed, forming a metallurgical 
interconnection betWeen the bump and lead, and the adhe 
sive curing is completed, to complete the die mount and to 
secure the electrical interconnection at the mating surface 
(noW an interconnect interface). 

[0050] In the plane of the sectional vieW shoWn in FIG. 8, 
interconnection is formed betWeen certain of the bumps 85 
and corresponding interconnect sites on certain of the leads 
63. Other leads 65 are interconnected at other localities, 
Which Would be visible in other sectional vieWs. A com 
paratively high trace density is shoWn. The curing of the 
adhesive may be completed prior to, or concurrently With, or 
folloWing melting the solder. Typically, the adhesive is a 
thermally curable adhesive, and the extent of curing at any 
phase in the process is controlled by regulating the tempera 
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ture. The components can be heated and cured by raising the 
temperature of the chuck on the pick and place tool, or by 
raising the temperature of the substrate support, for example. 

[0051] Other solder mask opening con?gurations are 
Within the invention. Particularly, the elongated opening 
may expose interconnect sites on tWo or more adjacent 

circuit features; in some embodiments the opening exposes 
a roW of interconnect sites, Which may be a roW on an array 

of interconnect sites. The roW of interconnect sites exposed 
need not be in a straight line and, accordingly, the opening 
need not be rectangular: the opening may have an arcuate 
shape, or may be irregular. Where the elongated opening has 
a shape of a regular polygon, such as a rectangle for 
example, the elongated opening need not necessarily be 
oriented parallel to a roW of interconnect sites or to the die 
margin. 

[0052] Where interconnect is formed by a no-?oW under 
?ll process, the no-?oW under?ll adhesive can be pre 
applied to the die surface, or at least to the bumps on the die 
surface, rather than to the substrate. The adhesive can, for 
example, be pooled in a reservoir, and the active side of the 
die can be dipped in the pool and removed, so that a quantity 
of the adhesive is carried on the bumps; then, using a 
pick-and-place tool, the die is positioned facing a supported 
substrate With the active side of the die toWard the die attach 
surface of the substrate, and the die and substrate are aligned 
and moved one toWard the other so that the bumps contact 
the corresponding traces (leads) on the substrate. Such a 
method is described in Us. Pat. No. 6,780,682, Aug. 24, 
2004, Which is hereby incorporated by reference. Then 
forcing, curing, and melting are carried out as described 
above. 

[0053] The adhesive may be referred to as a “no-?ow 
under?ll”. In some approaches to ?ip chip interconnection, 
the metallurgical interconnection is formed ?rst, and then an 
under?ll material is ?oWed into the space betWeen the die 
and the substrate. The “no-?ow under?ll” according to the 
invention is applied before the die and the substrate are 
brought together, and the no-?oW under?ll is displaced by 
the approach of the bumps onto the leads, and by the 
opposed surfaces of the die and the substrate. The adhesive 
for the no-?oW under?ll adhesive according to the invention 
is preferably a fast-gelling adhesiveithat is, a material that 
gels suf?ciently at the gel temperature in a time period in the 
order of 1-2 seconds. Preferred materials for the no-?oW 
under?ll adhesive include, for example, so-called non-con 
ductive pastes, such as those marketed by Toshiba Chemi 
cals and by Loktite-Henkel, for example. 

[0054] Alternative bump structures may be employed in 
the bump-on-lead interconnects according to the invention. 
Particularly, for example, so-called composite solder bumps 
may be used. Composite solder bumps have at least tWo 
bump portions, made of different bump materials, including 
one Which is collapsible under re?oW conditions, and one 
Which is substantially non-collapsible under re?oW condi 
tions. The non-collapsible portion is attached to the inter 
connect site on the die; typical conventional materials for the 
non-collapsible portion include various solders having a 
high lead (Pd) content, for example. The collapsible portion 
is joined to the non-collapsible portion, and it is the col 
lapsible portion that makes the connection With the lead 
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according to the invention. Typical conventional materials 
for the collapsible portion of the composite bump include 
eutectic solders, for example. 

[0055] Other embodiments are Within the following 
claims. 

What is claimed is: 
1. A solder mask for ?ip chip interconnection having a 

common opening that spans a plurality of circuit elements. 

2. A ?ip-chip package substrate, comprising a patterned 
metal layer on a die attach side of a dielectric substrate layer, 
the metal layer including interconnect sites, the substrate 
including a solder mask having an opening spanning a 
plurality of the interconnect sites. 
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3. The substrate of claim 2 Wherein the plurality of 
interconnect sites comprises interconnect sites arranged in a 
roW, and the opening comprises a elongate opening spanning 
the roW. 

4. The substrate of claim 2 Wherein the opening has an 
irregular shape. 

5. The substrate of claim 2 Wherein the interconnect sites 
are arranged in an array of roWs, and the opening comprises 
an elongate opening spanning one of the roWs of intercon 
nect sites. 

6. A method for making a ?ip chip interconnection, 
comprising providing a substrate including a solder mask 
having an opening spanning a plurality of the interconnect 
sites, and mounting the chip onto the substrate. 

* * * * * 


