SH-Teemldde lerdd RLSTON & BIRD 704 334 26814 P.04/38

CONTROLLED- SHAPED SOLDER RESERVO RS FOR | NCREASI NG THE VOLUME OF SOLDER
BUVPS, AND STRUCTURES FORMED THEREBY FI ELD OF THE | NVENTI ON This invention =
relates to the field of microelectronic devices, and nore E%r jcularly. to
sol der bunps for microel ectronic devices. BACKGROUND OF THE J{X}iEnes
performance mcroel ectroni c devices often usé sol der balls oy

for electrical and nechanical interconnection to other m croel

CONTROLLED-SHAPED SOLDER RESERVOIRS FOR INCREASING
THE VOLUME OF SOLDER BUMPS, AND STRUCTURES FORMED
THEREBY ' '

EIELD OF THE INVENTJON

This invention relates to the field of microelectronic devices, and more

particulatly. to solder bumps for microelectronic devices.

BACKGROUND OF THE INVENTION

High performance microelectronic devices often use solder balls or solder
bumps for electrical and mechanical interconmection to other microelectronic
devices. For example, a very large scale integration (VLSI) chip may be
electrically connected to a circuit board or other next level packaping substrate
using solder balls or solder bumps. This connection technology is also referred to
as "Controlled Collapse Chip Connection - C4" or "flip-chip” technology, and will
be referred to herein as "solder bumps™.

A significant advance in this technology is disclosed in U, S. Patent No.
5,162,257 to Yung entitled "Solder Bump Fabrication Method" and assigned to the
assignee of the present invention. In this patent, an under bump metallurgy is
formed on the microelectronic substrate including contact pads, and solder bumps
are formed on the under bump metallurgy opposite the contact pads. The under
bump metallurgy between the solder bumps and the contact pads is converted to an
intermetallic which is resistant to etchants used to etch the under bump metallurgy
between solder bumps. Accordingly, the base of the solder bumps is preserved.

In many circumstances, it may be desired to provide a solder bump on the
substrate at a Jocation remote from the contact pad and also form an electrical
connection between the contact pad and the solder bump. For example, 2
microelectronic substrate may be initially designed for wire bonding with the
contact pads arranged around the outer edge of the substrate. At a later time it may
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devices. For exanple, a very large scale integration (VLSH——Thip may be
electrically connected to a circuit board or other next |evel packagl ng

substrate using solder balls or solder bunps. This connectThisiPheetld:
also referredto as "Controlled Collapse Chip Connection - L ‘ Il

“flip-chip" technology, and will be referred2te herein as m‘m“
significant advance in this technology is disclosed in U S. Patent

5,162,257 to Yung entitled "Sol der Bunp Fabrication Method" and assi gnéd to
ot al ar gy 1 s 1 or HEAPUTPRTR s Y R SRealt ible3ic R ptc AR B 2u e
pads, and sol der ky#ps to be placed in the interior of the substrate. In order to achieve the

placement of a solder bump on the interior of the substrate away from the

respective contact pad, an interconnection or redistribution routing conductor may

be necessary.

U. S. Patent No. 5,327,013 to Moore et 2l, entitled "Solder Bumping of
Integrated Circuit Die" discloses a method for forming a redistribution routing
conductor and solder bump on an integrated circuit die. This method includes
forming a terminal of an electrically conductive, solder-wettable composite
material. The terminal includes 2 bond pad overlying the passivation layer remote
fromn a metal contact and a runner that extends from the pad to the metal contact.
A body of solder is reflowed onto the bond pad to form a bumyp bonded to the pad
and electrically coupled through the runmer.

In this method, however, the solder bump is formed by pressing a
microsphere of a solder alloy onto the bond pad. In addition, the spread of solder
along the runner during reflow is limited, In the illustrated embodiment, a solder
stop fonmed of a polymeric solder resist material is applied to the runner to confine
the solder to the bond pad.

In many circumstaﬁces, it is desirable to form relatively tall solder bumps.

‘For example, taller solder bumps provide a larger opening between a
microelectronic chip aud substrate in a flip-chip module, which facilitates
improved cleaning and underfill. In addition, it is generally excepted that taller
solder bumps are more reliable because the straining per unit length is
proportionally reduced with the increase in bump height.

A known technique for increasing solder bump height is to increase the
volume solder with the same diameter solder pad. However, this technique
typically requiires more space on the substrate for plating or depositing the
additional solder, and/or requires additional process steps. As a consequence, the
benefit of increasing the bump height is often offset, at least in part, by the increase
in surface area required for a single bump, and or, the additional cost associated
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are formed on the under bunp netallurgy opposite the contact pads—The———
under bunp netall urgy between the sol der bunps and the contact pads is
converted to an internetallic which is resistant to etchantﬁismad{agﬁccﬁiifmed

t he under bunp netal | urgy between sol der bunps. Accordingly, :

t he sol der bunps is preserved. In many circungtances, it mayL HDﬁH II
provi de a sol der bunp on the substrate at a | ocation renpote

contact pad and also forman electrical connection between the contact pad
and t he sol der bunp. For .exanpl.e, ,crQel ectroni ¢c,substraie ma .
initially desi gned“@@r%&@g%mﬁgs Fh M#&gﬂeﬁﬁaﬁ?ﬁﬁ‘?M@MUM
the outer ‘edge of {Reu SRR Jobef incfildedecasig inlhrk, Posts, 'or BBAns of high melting point

solder and attaching these to the semiconductor using lower temperature solders.

~ Notwithstanding the above mientioned references, there contin}xes fo exist a
need in the art for solder bump structures that are relatively tall, do not require
additional surface area, and can be fabricated efficiently and at a reduced cost.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide an improved
solder bump structure.

Tt is another object of the present invention to provide sclder bump
structure with a solder redistribuﬁox; reservoir for increasing the volume, and thus
the height, of the solder bump.

1t is another object of the present invention to provide an improved vacuum
in a sealed chamber including a microelectronic device,

These and other objects are provided, according to the present invention, by
a controlled-shaped solder reservoir which provides additional solder to a bump in
the reflow step for increasing the volume of solder forming the solder bump. The
controlled shaped reservoirs can be shaped and sized to provide predetermined
amounts of solder to the solder bump. Thus, the height of the resulting solder
bump can be predetermined, not to mention that the height is greater than that of
similar solder bumps without solder redistribution reservoirs because of the
additional solder volume added by the reservoirs. To accommodate the stringent
space requirement in many microelectronic chip designs, the solder reservoir can
be shaped to take a minimum amount of space. Consequently, the solder bumps
may have increased height without adding to the space requirements of the solder
bump, or without increasing the cost.

Other advantages of the solder structures formed in accordance with the
present invention include an increase opening or gap in a flip-chip structure

because of the taller solder bumps. This allows for more efficient cleaning of flux
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REPLACEMENT SHEET -2- be desired to use the m croel ect r-opie—substrate—+n—an
application requiring solder bunps to be placed in the |nter|or of the

substrate. In order to achieve the placenent of a sol der eplaced
interior of the substrate away fromthe respective cont ac
and other residues, and more efficient underfilling. The taller solder bumps can

I nterconnection or redistribution routing conguct or
also be utilized in conjunction with electrical contact bumps that do not have solder

reservoirs so that the contact bumps are elongated by the relatively larger bumps
formed with the assistance of the additional solder from the reservoirs.
Consequently, the contact bumps are more reliable because the strain is distributed
over a greater length (i.., height) because of the relatively larger volume bumps.
Yet another advantage is that the relatively taller solder bumps can be utilized to
increase the volume, and thus reduce the pressure, of a sealed chamber in a MEMS
vacuum package. This enables a lower pressure vacuum environment to the
generated without the equipment typically needed to generate such low pressures
vacuums. Further, a single masking step can be used to define both the solder
bump structure, including the solder rediswibution reservoir, and the under bump
metallurgy layer.

In accordance with one embodiment of the present invention, a solder
structure on a microelectronic substrate comprises a solder reservoir portion and a
solder bump portion, and wherein the solder reservoir portion is non-linear in
shape, The solder reservoir portion may wrap around the solder bump portion in
order to take up less space. In addition, the solder structure may comprise a
plurality of solder reservoir portions extending from the solder bump portion.
Preferably, the radially extending solder reservoirs are of substantially equal
length, though the reservoirs can be of varying lengths.

Further, the solder réservoir portion may be shaped to create a pressure
gradient along the length of the solder reservoir portion during a solder reflow
process. Accordingly, the rate of solder flow can be controlled, which may be
highly desirable in particular circumstances. The pressure pradient may increase
the flow rate of solder to the solder bump portion, or the pressure gradient may
decrease the flow rate of solder to the solder bump portion.

In order to reduce the area taken by the solder bump structure, the solder
reservoir portion may include 2 notch for facilitating the removal of the residual

solder of the solder reservoir portion subsequent to the solder reflow process. The
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be necessary. U S. Patent No. 5,327,013 to More et al™ entltled "Sol der
Bunmping of Integrated Grcuit D e" discloses a nethod f O{I_E‘ﬂ

redi stribution routing conductor and sol der bunp on an i 3 i)('“""lacedt
die. This nethod includes formng a term nal of an el ect Im E EH tive,
sol der-wettabl e conposite material. The tersi ral include

overlying the passivation |ayer renote froma netal contact and a runner
that extends fromthe pad to the netal contact. A body of solder is

refl owed onto the bonﬁmggd tQ ﬁﬁﬁﬁ%@aﬁ%m?&lﬁwwﬂﬁmgﬁ -lead

el ectrically cougf@gV
solders which may facilitate the incomplete conversion of copper in the under

bump metallurgy. Thus, the remaining copper may be dissolved in the subsequent

etch step, thereby allowing the residual solder of the reservoir to break off at the
weak point created by the notch, and float away in the etchant.

Tn accordance with another aspect of the present invention, a solder
structure on a microelectronic substrate comprises a solder reservoir portion and a
solder bump portion, and wherein the solder reservoir portion has a width which is
non-uniform in at least a portion of the reservoir portion. Accordingly, a pressure
gradient can be achieved within the solder reservoir to either increase or decrease
the flow rate of the solder to the bump structure during the solder flow process. As
mentioned above, controlling the flow rate of the solder in the solder flow process
may be desirable in certain applications.

In accordance with yet another aspect of the present invention,
microelectromechanical system (MEMS) module comprises a substrate and a lid in
spaced apart relationship, a solder ring which bonds the lid to the substrate to
define a sealed chamber therebetween, wherein the solder ring includes at least one
solder reservoir associated therewith, In addition, the device includes a MEMS
device formed in the chamber.

A second solder ring that is concentrically aligned with the first solder ring
may be included, wherein the second solder ring also includes at least one solder
reservoir associated therewith. The MEMS module may further comprise
elongated electrical contacts within the chamber, wherein the elongated electrical
contacts electrically connect the lid to the substrate. Preferably, the chamber is a
controlled environment maintained at 2 vacuum.

In accordance with anorher;aspect of the present invention, a flip-chip
structure comprises a substrate and a chip in spaced apart relationship, an elongated
contact bump which electrically connects the lid to the substrate, and a plurality of
raechanical bumps bonding the chip to the substrate, wherein the mechanical

bumps include solder reservoirs associated therewith. The solder reservoirs
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In this nmethod, however, the solder bunp is formed by pressing a o
m crosphere of a.solder alloy onto the bond pad. In addition, the spread of

sol der along the runner during reflowis linmted. In theidldalsealed .

enbodi ment, a solder stop forned of a polyneric sol der re¢agisi i by 1S
applied to the runner to confine the sol der_tgo _the bond Eﬂum Im w
circunstances, it is desirable to formrelatively tall s i iBHOr
exanple, taller solder bunps provide a | arger opening between a
m croel ectronic chip and_substrate in a flip-chip npdul e,  whi %g facilitates
i nproved cl eani ng asseciated sithithe meghanigel duimps may pe norsimear, apd may haveaRatag ¢ hat
taller uniform width portion, as discussed above.

A method in accordance with the present invention for forming a solder

bumnp structure on a microelectronic substrate comprises the steps of forming an

under bump metallurgy layer on the microelectronic substrate, and forming a
solder structure on the under bump metallurgy layer opposite the microelectronic
substrate, wherein the solder structure includes a non-linear solder reservoir portion
and a solder bump portion. The step of forming the solder structure may include
the step of forming a solder structure including a plurality of solder reservoirs. In
addition, the step of forming the solder structure may include the step of forming a
solder bump portion and a reservoir which at ]east partially wraps around the solder
bumﬁ portion. Yet further, the step n;f forming the solder structure ;xxay include the
step of forming a solder structure including a solder reservoir shaped to create a
pressure gradient along a length of the solder reservorr.

In accordance with another aspect of the present invention, 2 method of
forming a solder bump structure on a microelectronic substrate comprises the steps
of forming an under bump metallurgy layer on the microelectronic substrate, and
forming a solder structure on the under bump metallurgy layer opposite the
microelectronic substrate, wherein the solder structure included a solder burap
portion and a plurality of solder reservoir portions extending therefrom.

In accordance with yet another aspect of the present invention, a method for
forming a flip-chip module comprises the steps of forming a contact solder bump
structure on 2 microelectronic substrate, forming a plurality of mechanical solder
bump structures on the microelectronic substrate, wherein said mechanical solder
bump structures have respective solder reservoirs associated therewith. Since the
flow of molten solder from the reservoir to the bump takes time, the present
invention provides a means for sequencing aspects of the soldering operation.
Further , the method includes the steps of mating the microelectronic substrate to 2
second substrate, and reflowing the solder of the contact solder buraps and the

mechanical solder bumps to bond the microelectronic substrate to the second
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sol der bunps are nore reliable because the straining per_unit length-is —-
proportionally reduced with the increase in bunp height. A known techni que
f-or increasing sol der bunp height is to increase the VoliyiBhesifadBen Wphadeat hE

sane di-aneter sol der pad. However, this technique typicall ] | re
space on the substrate for plating or deposityng the addiﬂlmimnHMHm
and/ or requires additional process steps. As a consequence; of
increasing the bunp height is often offset, at least in part, by the
e o S, WESh ol o Yo b gl an S oty

cost associ at ed

larger mechanical solder bumps that will form after a brief delay.

In accordance with another aspect of the present invention, a method of
forming a flip-chip module comprises the steps of forming a solder ring on a
microelectronic substrate, wherein said solder ring includes at least one solder
reservoir associated therewith, mating the microelectronic substrate to a second
substrate in a vacuum environment to define 2 chamber therebetween, and
reflowing the solder of the solder ring to seal the microelectronic substrate to the
second substrate angl to increase the volume of the chamber. Thus, because of the
increased volume of the sealed chamber, the chamber is at a relatively lower
pressure than the vacuum environment. The method may further include the step
of fo'rming a second solder ring sut;stanﬁally concentrically aligned with the solder
ring, wherein the second solder ring includes at least one solder reservoir
associated therewith.

Other features and advantages of the present invention will become
apparent to one that is skilled in the art upon examination of the following
drawings and detailed description. It is intended that all such additional features
and advantages be included herein within the scope of the present invention, as

defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1-5 are cross sectional side views of 2 microelectronic substrate at
various stages during the manufacture of a redistribution routing conductor
according to the present invention.

FIGs. 6-10 are top views of a microelectronic substrate at various stages
during the manufacture of a redistribution routing conductor corresponding
respectively to FIGs. 1-5.

FIGs. 11-16 are top plan views of various embodiments of controlled

shaped solder reservoirs in accordance with the present invention.
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REPLACEMENT SHEET -3-L with providing additional sol der.--O-her—wetheds—of
decreasing the strain per unit length in the solder includes castln
pillars, posts, or beans of high nelting point solder and p ogd
to the sem conductor using | ower tenperature sol ders. Notw 'u e
above nentioned references, there continues th “exist a nee or
sol der bunp structures that are relatively tall, do not require

FIG. 17 is a graph illustrating the relationship of the reservoir width and the
internal pressure of the solder.

FIG. 18 is a cross sectional view of a flip-chip structure incorporating the
solder reservoirs of the present .invemion.

FIG. 19 is a top plan of a substrate including mechanical contact bumps that

include solder reservoirs in accordance with the present invention and electrical

contact bumps.
FIGs. 20A-20C are cross sectional views of 2 microelectronic substrate at

various stages during the manufacture of a control pressure chamber in accordance

with the present invention.
FIG. 21 is a bottom plan of the top substrate in FIGs. 20A-20C.

The present invention will now be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the
art. In the drawings, the thickness of layers and regions are exaggerated for clarity.

Like numbers refer to like elements throughout,

L Redistribution Routing Cond

A microelectronic structure 11 includes a redistribution routing conductor
and a raised solder bump, as shown from the side in FIG. 5 and as shown from the
top in corresponding FIG. 10. The microelectronic structure includes a contact pad
14 and passivation layer 12 on a substrate 15. The redistribution routing conductor
17 and solder bump 21 each include respective portions of under bump metallurgy
layer 16A-B and solder layer 22A-B.

The redistribution routing conductor 17 includes a relatively elongate
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addi tional surface area, and can be fabricated efficiently—andat—a—reduced
cost. SUVMARY OF THE INVENTION It is therefore an object of the present
i-nvention to provide an inproved sol der bunp structur@msﬂwﬂﬁbS%mmR

obj ect of the present invention to provide sol der bunp

sol der redistribution reservoir for |ncreas%ng t he vol he
hei ght, of the solder bunp. It is another ect of the present I nvention
to provide an inproved vacuumin a seal ed chanber i ncluding a

m croel ectroni c device. | . ) )
solder portion 22B (also referred to herein as a solder reservoir) on a respective

elongate under bump metallurgy portion 16B. The solder bump 21 includes an
enlarged width solder portion 22A on a respective enlarged width under bump
metallurgy portion 16A. Preferably the elongate solder portion 22B is rejatively
thin while the enlarged width solder portion 22A is raised, as shown in FIG. 5.

Accordingly, the solder bump 21 can be located at a point on the substrate
relatively distant from the contact pad 14 with the redistribution routing conductor
17 providing an electrical connection therebetween. This arrangement provides the
advantage that a substrate having a layout with a contact pad 14 at one
predetermined location can have an associated solder bump at a second location.
This can be particularly useful, for exemple, when a substrate has a layout with
contact f.aads arranged for wire bonding, and it is desired to use the substrate in a
flip-chip application. This solder bump and redistribution routing conductor can be
fabricated simultaneously, as described below with regard to FIGs. 1-10.

While the redistribution routing conductor 17 can be straight as shown, it
may also include bends and curves. Furthermore, the solder bump 21 may be
circular as shown or it can have other shapes such as rectangular.

The solder bump 21 and the redistribution routing conductor 17 are
preferably formed simultaneously. FIGs. 1-5 are cross-sectional side views of
microelectronic structures at various stages of fabrication, while FIGs. 6-10 are
corresponding top views of the same microelectronic structures, The
microelectronic structure 11 initially inciudes a passivation layer 12 and an
exposed contact pad 14 on a substrate 15, as shown in FIGs. 1 and 6.

The substrate 15 can include a layer of a semiconducting material such as
silicon, gallium arsenide, silicon carbide, diamond, er other substrate materials
lmown to those having skill in the art. This layer of semiconducting material can
in turn include one or more electronic devices such as transistors, resistors,
capacitors, and/or inductors. The contact pad 14 may comprise aluminum, cOpper,
titanium, an intermetallic including combinations of the aforementioned metals
such as AlCu and AlTi,, or other materials known to those having skill in the art.
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These and ot her objects are provided, according to the—present—nvention,
by a controll ed-shaped sol der reservoir which provides additional solder to

a bump in the reflow step for increasing the vol une of M%@#Hﬁs@ﬁml

sol der bunp. The controll ed shaped reservoirs can be sha to
provi de ‘predet ermi ned anobunts of sol der to- tige -sol der bu
hei ght of the resulting solder bunp can be predeterm ned, not to nmention

that the height is greater than that of simlar solder burrps wi t hout sol der

redi stribution re oi rs _becausg of th HiReadded by
t he reservoirs. Wﬁ%ﬁﬂ%ueﬁa cgﬂecﬁsg%%lé&?@icr%giﬁ?rﬂene% I'n many
m croel ectronic Ch' P Ao @assivatiBR 1ay8H 139dan uft e YBlyimidakilicon dioxide, silicon

nitride, or other passivation materials known to those having skill in the art. As

shown, the passivation layer 12 may cover top edge portions of the contact pad 14
opposite the substrate 15, leaving the central portion of the contact pad 14 exposed.
As will be understood by those having skill in the art, the term substrate may be
defined so as to include the passivation layer 12 and contact pad 14 of FIGs. 1 and
6.

An under bump metallurgy layer 16 is formed on the passivation layer to
provide a connection between the solder bump and the contact pad 14 and to
provide a plating electrode, as shown in FIGs. 2 and 7. The under bump
metallurgy layer 16 also protects the contact pad 14 and passivation layer 12 during
| subsequent processing steps, and provides a surface to which the solder will
adhere. The under bump metallurgy layer preferably includes a chromium layer on
the passivation layer 12 and contact pad 14; a phased chromium/copper layer on
the chromium layer; and a copper layer on the phased layer. This structure adheres
to and protects the passivation layer 12 and contact pad 14, and also provides a
base for the plated solder which follows.

The under bump metallurgy layer may also include a titanium barrier layer
between the substrate and the chromium layer as disclosed in U, S. Patent No.
5,767,010 entitled "Solder Bump Fabrication Methods and Structures Including a
Titanium Barrier Layer," and assigned to the assignee of the present invention.
This titanium barrier layer protects the passivation layer from etchants used to
ternove the other components of the under bump metallurgy layer and also
prevents the formation of residues on the passivation layer which may lead to
shorts between solder bumps and redistribution routing conductors. The titanium
layer can be easily removed from the passivation layer without leaving significant
residues.

Various under bump metallurgy layers are disclosed, for example, in U.S.
Patent No. 4,950,623 to Dishon entitled "Method of Building Solder Bumps", U.S.
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be shaped to take a m ni rum anount of space. Consequently, the-solder—bunps
may have increased height w thout adding to the space requirenments of the
sol der bunp, or wi thout increasing the cost. QO her advantmgSstetafas bherghkder

structures forned in accordance with the present invention Iy

I ncrease opening or gap in a flip-chip struqgiure because o‘t ﬂ] ﬁ Nﬂ“l

sol der bunps. This allows for nore efficient cleaning of fl

resi dues, and nore efficient underfilling. The taller solder bunps can
Patent No. 5,162,257 to Yung entitled "Solder Bump Fabrication Method”, and
U.S. Patent No. 5,767,010 to Mis et al. entitled "Solder Bump Fabrication Methods

and Structures Including 2 Titanium Barrier Layer." Each of these references is
assignéd to the assignee of the present invention, and the disclosure of each is
hereby incorporated in its entirety herein by reference.

A solder dam 18 can be formed on the under bump metaliurgy layer 16.
This solder dam 18 preferably includes a layer of a solder non-wettable material
such as titanium or chromium on the under bump metallurgy layer 16. The solder
dam 18 will be used to contain the solder if a reflow step is performed prior to
removing the first (exposed) portion of the under bump metallurgy layer 16 not
covered by solder, as discussed below. A mask layer 20 is then formed on the
soldef darn 18. The mask layer may ;ompﬁse a photoresist mask or— other mask
known to those having skill in the art.

The mask layer 20 is pattemed to cover the solder dam over the first portion
of the under bump metallurgy layer and to uncover areas of the solder dam 18 over
a second portion of the under bump metallurgy layer 16 on which the solder bump
and redistribution routing conductor will be formed. The uncovered portion of the
solder dam is then removed thereby uncovering the second portion of under bump
metallurgy layer 16, as shown in FIGs. 3 and 8. More particularly, the second
portion of the under bump metallurgy layer 16, which is not covered by the solder
dam and patterned mask layer, includes an enlarged width portion 16A and an
elongate portion 16B.

A solder layer 22 is preferably electroplated on the second portion of the
under bump metallurgy layer 16, as shown in FIGs. 4 and 9. The solder can be
electroplated by applying an electrical bias to the continuous under bump
metallurgy layer 16 and immersing the microelectronic structure in 2 solution
including lead and tin, as will be understood by those having skiil in the art. This
electroplating process allows solder layers to be formed simultaneously on a
plurality of second portions of the under bump metallurgy layer 16. The solder
will not plate on the mask layer 20, Altemnatively, the solder can .be applied by
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-4- also be utilized in conjunction with el ectrical contact—bunps—that-—do
not have sol der reservoirs so that the contact bunps ar elon ated by the

Ej
(

relatively larger bunps formed with the assistance of t o e o g fder

fromthe reservoirs. Consequently, the contact bunps ar I !

because the strain is distributed over a grd@ er |ength ' '

because of the relatively |larger volune bunps. Yet another advantage is

that the relatively taller solder bunps can be utilized to increase the

volume, and thus redues i RaGASE Y evaoriocnSF £8esaldpogtion, by2idvibiess
deposition or by other methods kuown to those having skill in the art. In addition,

while lead-tin solder is used for purposes of illustration throughout the

specification, other solders such as gold solder, lead-indium solder, or tin solder
can be used as will be understood by those having skill in the art,

The solder layer 22 includes an elongate portion 22B and an enlarged width
portion 22A. After removing the mask layer 20, the microelectronic structure 11
can be heated causing the solder to flow from the elongate solder portion 22B to
the enlarged width solder portion 22A thereby forming a raised solder bump at the
enlarged width solder portion 22A. The solder dam 18 prevents the solder from
spreading beyond the elongate 16B and enlarged width 16A portions of the under
bump metallurgy layer 16, as shown in FIGs. 5 and 10. '

The solder will flow when heated above its liguidous temperature
(approximately 299°C for solder having 90% lead and 10% tin), and this process is
commonly referred to as solder reflow. During reflow, the surface tension of the
solder creates a relatively low internal pressure in the enlarged width solder portion
22A over the relatively wide geometry provided for the solder bump, and 2
relatively high intemnal pressure in the elongate solder portion 22B over the
relatively narrow geometry provided for the redistribution routing conductor.

In order to equalize this internal pressure differential, solder flows from the
elongate solder portion 22B to the enlarged width solder portion 22A.
Accordingly, the solder forms a raised solder bump at the enlarged width solder
portion 22A and a relatively thin layer of solder at the elongste solder portion 22B
over the redistribution routing conductor. When the solder is cooled below its
liquidus temnperature, it solidifies maintaining its shape including the raised solder
bump and the thin Jayer of solder over the redistribution routing conductor.

It is known in the art of printed circuit board manufacture to apply solder at
a uniform level on PCB lands by screen printing, and that the level of solder can be
increased locally by enlarging a part of the land. See, Swanson, "PCB Assembly:
Assembly Technology in China," Electronic Packaging & Production, pp. 40, 42,
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vacuum package. This enables a | ower pressure vacuum epvironnment—to—the—
generated w thout the equipnent typically needed to generate such | ow
pressures vacuuns. Further, a single nasking step can b&higSheet HapBegweReaplaeed

both the sol der bunp structure, including the solder redi ! i 5
reservoir, and the under bunp netallurgy layer.- | n accord -

enbodi nent of the present invention, a solder structure on a

m croel ectronic substrate conprises a solder reservoir portion and a sol der
bunp portion, and_wherejnn..t al der .reservoir portion is,nan-|inear J
shape. The sol der J@@@ftﬁsr %&E‘?‘? “ﬂﬁfﬁ earrgﬁﬂlfa{‘ﬁéxes%?ﬁ@l%ﬁ%eﬂwtion

In solder can be electroplated on a microelectronic substrate at a uniform level and

then heated to produce a raised solder bump together with a redistribution routing
conductor on the substyate.

Furthermore, U. S. Patent No. 5,327,013 to Moore et al. states that a
microsphere of a solder alloy can be pressed onto 2 pad, and that a stop formed of 2
polymeric solder resist material can be applied to the runner to confine the solder
to the bond pad. While this patent states that the spread of solder along the runner
during reflow can be limited by constricting the width of the runner section relative
to the bond pad, there is no suggestion that the relative dimensions of the runner
section and the bond pad can be used to cause solder to flow from tlge runner o the
bond iaad thereby forming a mulﬁle\f;al solder structure. In addition, neither of
these references suggest that a solder structure having an elongate portion and an
enlarged width portion can be used to mask the under bump metallurgy layer in
order to form a redistribution routing conductor together with a raised solder bump
using only a single masking step.

The method described herein relies on differences in the surface-tension
induced internal pressure of the reflowed (liquid) solder to form a thin layer of
solder at the elongate solder portion 22B and a raised solder bump at the enlarged
width solder portion 22A. The internal pressure P of a liquid drop of solder can be
determined according to the formula:

P=2Th,
where T is the surface tension of the liquid solder, and r is the radius of the drop.

Where liquid solder is on a flat wettable surface such as the under bump

metallurgy layer, the formula becomes:

P=2TH'.
In this formuls, r' is the apparent radius of the liquid solder, and the apparent radius
is the radius of the arc (vadius of curvature) defined by the exposed surface of the
solder. The apparent radius is dependent on the width of the underlying solder

wettable layer such as the second portion of the under bump metallurgy layer
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order to take up less space. In addition, the solder structure may conprise
aplurality of solder reservoir portions extending fromthe sol der bunp

portion. Preferably, the radially extending sol der resermééh%etﬁas%emaepma

substantially equal |ength, though the reservoirs can be off iy

| engths. I n accordance with another aspect- df the i nventi iﬂﬂl@'ﬂ ggwm
reservoir portion includes a first linear portion and a s

portion, each having at | east one straight side, and wherein a straight
side of said firskyilf3%h coftict Wit the¥oltier. ARccRlinSP, (REEIteEnalblcimkEsPECt Lo a
straight side of sald second linear portion. Fufther, the solder reservoir
portion nmay be shagisivédsoldeesthrhae jsrinvesselyepropartiomahto the width of the second

portion of the under bump metallurgy in contact with the solder. Stated in other

words, a solder portion having on a relatively wide under bump metallurgy portion
will have a relatively low intemal pressure while a solder portion on an elongate
(relative narrow) under bump metallurgy portion will have a relatively high
internal pressure. The internal pressures will equalize when the apparent radii of
the elongate solder portion 22B and the enlarged width solder portion 22A are
approximately equal.

Accordingly, when the solder layer 22 with a uniform level illustrated in
FIGs. 4 and 9 is heated above its liguidus temperature, solder flows from the
elongate solder portion 22B to the enlarged width solder portion 22A wntil each
portion has approximately the same apparent radius thereby forming a raised solder
bump. If the solder flow step is performed prior to removing the first portion of
the under bump metallurgy layer 16 not covered by the solder structure, an
intermetallic can be formed between the solder portions 22A-B and under bump
metallurgy portions 16A-B adjacent the solder wherein the intermetallic is resistant
to etchants commonly used to remove the under bump metallurgy. Accordingly,
this intermetallic reduces undercutting of the solder during the following step of
removing the first portion of the under bump metallurgy not covered by solder, as
discussed in U. S. Patent No. 5,162,257 to Yung entitled "Solder Bumnp Fabrication
Method" and assigned to the assignee of the present invention.

Preferably, the under bump metallurgy layer 16 includes a copper layer
adjacent the solder structure and the solder is a lead-tin solder. Accordingly, the
step of causing the solder to flow will cause the solder to react with the copper to
form an intermetallic region adjacent the solder structure, and this intermetallic
will comprise Cu,Sn. This intermetallic does not readily react with etchants
commonly used to remove under bump metallurgy layers thereby reducing
undercutting of the solder structure.

The solder layer 22 is then preferably used as a mask to selectively etch the

" 7S SHEET HAS BEEN |

LACED




JuL-22-1998 1B:15 ALSTON & BIRD 764 334 2814 P.1ld736

along the length of the solder reservoir portion during_a solder reflow
process. Accordingly, the rate of solder flow can be controlled, which may

be highly desirable in particular circunstances. The prasg et i Bl 8% RY

increase the flow rate of solder to the solder bunp portiosmisi L
pressure gradi ent may decrease the flow rat 6150f- sol der tcimugmm, l“HErrp
portion. In order to reduce the area taken By the sol der ,

t he sol der

first portions of the solder dam 18 and under bump metallurgy 16 not covered by
solder. A chemical etchant can be used which etches the under bump metallurgy
layer 16 preferentially with respect to the solder portions 22A-B. Accordingly, no
additional masking step is required to pattern the under bump metallurgy layer.
Stated in other words, the formation of mask layer 20 is the only masking step
required to pattern the solder dam 18 (FIGs. 3 and 8), selectively expose the second
portion of the under bump metallurgy layer 16 during the plating step (FIGs. 3 and
8), and remove the first portions of the under bump metallurgy layer not covered
by solder after the plating step (FIGs. 5 and 10).

Alternately, the first portions of the under bump metallurgy layer 16 not
covered by solder portions 22A and”ZZB can be selectively removed prior to
causihg the solder to flow. In this case, the elongate 22B and énlarged width 22A
solder portions are respectively supported on only the elongate 16B and ealarged
width 16A under bump metallurgy portions, and while the liquid solder is wettable
to the under bump metallurgy, it is not wettable to the passivation layer 12.
Accordingly, the passivation layer can contain the solder during the solder flow
step, and the solder dam 18 can be eliminated.

In another alternative, the solder dam can include 2 solder non-wettable
layer on the under bump metallurgy layer 16 and a solder wettable layer, such as
copper, on the solder non-wettable layer opposite the under bump metallurgy layer,
as disclosed in U. S. Patent No. 5,767,010 to Mis et al. entitled "Solder Bump
Fabrication Methods and Structures Including 2 Titanium Barrier Layer”. The
solder wettable layer allows solder to be plated on portions of the solder dam as
well as the second portion of the under bump metallurgy layer not covered by the
solder dam or mask,

Accordingly, the mask layer 20 can uncover portions of the solder dam as
well as portions of the under bump metallurgs' layer 16 thereby allowing a greater
volume of solder to be plated. The mask layer 20 and underlying portions of the
solder wettable Jayer are then removed. When heat is applied to cause the solder to

flow, the remaining portion of the solder wettable layer under the solder will be
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REPLACEMENT SHEET -5- reservoir portion may include a notch for
facilitating the renoval of the residual solder of the solder reservoir
portion subsequent to the sol der refl ow process. The reﬁbv&hd@hsBﬁemwhwd
residual solder may be further facilitated by the use of ers
which may facilitate the inconplete conversi g of copper i E
nmetal l urgy. Thus, the renmaining copper nmay be dissolved in t e su
etch step, thereby allow ng the residual solder of the reservoir to break

off ‘at the weak polal, fl3ah e so\fdetrgfpogﬁtg% sofdiPto/thO H1ae? o - wetaBIP Gay€f. Chant .

Accordingly, the solder will retreat to the second por'ncn of the under bump

metallurgy layer which is wettable.

As an example, a first portion of the under bump metalhurgy layer 16 is
covered by a solder dam 18 and a mask layer 20. A second portion of the under
bump metallurgy layer 16 is uncovered and has an elongate portion 16B that is 150
micrometers wide and 500 micrometers long, and a circular enlarged width portion
16A with 2 500 micrometers diameter (or width), as shown in FIGs. 3 and 8. A
uniform 35 micrometers high solder layer 22 is then electroplated on the second
portion of the under bump metallurgy layer 16 including elongate portion 16A and
enlarged width portion 16B, as shown in FIG. 4. This solder is 90% lead and 10%
tin. After removing the mask layer 20, the solder is heated above its liquidus
temperature (approximately 299°C) allowing it to flow. '

The liqﬁid solder is contained on the second portion 16A-B of the solder
wettable under bump metallurgy layer by the solder dam 18 to which the solder
will not wet. Because the solder structure hﬂs varying widths, the internal pressure
of the solder structure is not consistent when the height is uniform. In particular,
the internal pressure of the elongate solder portion 22B is relstively high
(zpproximately 1.283 X 10 Pa or 1.86 psi) and the internal pressure of the
enlarged width solder portion 22A is relatively Jow (approximately 3.848 X 10° Pa
or .558 psi) at the original solder height.

Accordingly, solder flows from the elongate solder portion 22B to the
enlarged width solder portion 22A until the internal pressures equalize, thereby
forming a raised solder bump at the enlarged width solder portion 22A, as shown
inFIG.s 5 and 10. In FIGs. 5 and 10, the solder dam 18 and the first portion of the
under bump metallurgy layer 16 not covered by the solder structure have also been
removed.

In this example, equilibrium is obtained at an internal pressure of -
approximately 3.4 X 10° Pa (493 psi). At equilibrium, the elongate solder portion
22B is approximately 10 micrometers high and the enlarged width solder portion
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I n accordance with another aspect of the present invention, a solder _
structure on a mcroel ectronic substrate conprises a solder reservoir
portion and a sol der bunp portion, and wherein the sol dermlese&mdmeexmerptai:ean

has a wdth which is non-uniformin at |east a portion of g
portion. Accordi ngl y, a pressure gradi ent eah7be achi eved m ﬂﬂmﬂm%@%er
reservoir to either increase or decrease the flowrate of t he
bunp structure during the solder flow process. As mentioned above,

dosi rabl e 1 cort o H R I3 e B P e o

the present inventgjupvatue of approximately 281 micrometers. Accordingly, a two level solder
structure can be provided with a single masking step. When cooled, this structure
solidifies while maintaining its form. In addition, the elongate solder portion 22B
with a solder height of 10 micrometers is sufficient to mask the respective elongate
under bump metallurgy layer portion 16B when removing the first portion of the
under bump metallurgy layer not covered by solder. The enlarged width portion of
the solder structure may have a width (or diameter if the enlarged width portion is
circular) of at least two times a width of the elongate portion of the solder structure
in arder to ensure that the solder bump formed by the method described above is
sufficiently raised relative to the elongate solder portion to provide an adequate
connection to a printed circuit board. '

In the drawings and specification, there have been disclosed typical

preferred embodiments of the invention and, although specific tenms are employed,
they are used in a generic and descriptive sense only and not for purposes of

limitation, the scope of the invention being set forth in the following claims.

LL_Confrolled-Shaped Solder Reservoirs

As described above, the elongate solder portion 22B functions as a solder
redistribution reservoir for the enlarged with solder portion 22A. The surface-
tension induced pressure differential causes the molten solder in a relatively high
pressure elongate solder portion 22B to flow to the relatively lower pressure
enlarged width portion 22A. The increasing solder volume at the enlarged width
portion 22A forms a raised solder bump. A solder bump so formed generally has a
relatively larger height than solder bumps formed without solder redistribution
reservoirs when utilizing the same pad diameter and solder plating thickness.
Thus, by taking advantage of the surface-tension induced pressure differential
between 2 solder redistribution reservoir and an elongate width portion, such as a
solder bump, relatively taller bumps can be advantageously achieved. The

following description is of various embodiments of solder structures which take
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m croel ectronechani cal system (MEMS) nodul e conprises a._substrate-and-a-l4-d
in spaced apart relationship, a solder ring which bonds the lid to the
substrate to define a seal ed chanber therebetween, wher eftis ShbeHas®EeehRepladed g

i ncl udes at |east one sol der reservoir associated therew { I BH 4R n,
t he device includes a MEMS device fornmed i m &Re-chanber. mm%l'mygmunr
ring that is concentrically aligned with the first sol der be

i ncl uded, wherein the second solder ring also includes at |east one sol der

Cl ongat ed ol eotr 1 ool R B e B e T e & angat6q.
el ectrical structures.

Witﬁ reference to FIG. 11, a solder structure 30 in accordance with the
present invention as illustrated. The solder structure 30 includes 2 square solder
redistribution reservoir 32, and a channel 34 that connects the solder redistribution
reservoir 32 to an enlarged with portion, such as bump 34. Accordingly, asa
solder forming the solder structure is heated to its liquidus state to cause the solder
to flow, commonly referred to as solder reflow, the solder ﬂow_s from the solder
redistribution reservoir 32 to the bump 36 via the channel 34 due to the internal
pressure differential. The additional solder from the solder redistribution reservoir
32 increases the volume of solder forming the solder bump, thereby forming a
relatively taller solder bump. Thus, the space between adjacent bumps in an area
array can be utilized to store the solder that flows into the bumps during reflow.

As an example, assume an area array flip chip with 0.125 mm diameter
pads on 2 0.25 mm pitch, a minimum spacing for features in the plating template of
0.025 mm, and plating solder that is 0.05mm thick. A solder bump under these
circumstances would have a solder volume of 6.4 E-4 mm’, and a height of 0.07
mm. However, by providing a solder redistribution reserveir 32 around the solder
bump pad, as shown in FIG. 11, that is 0.063 mm wide and 0.25 mm square, the
bump volume increases to 1.23 E-3 mm’. Accordingly, solder bump height is
significantly increased while not affecting the solder bump pitch in the array.

It is noted that the solder structure 30, and those structures discussed below,
is preferably fabricated with the single mask process described abave, though it
will be recognized by those of ordinary skill in the art that other suitable solid,
liquid, vapor, and electromechanical deposition methods may be utilized, as well
known in the art. Further, it is noted that while the solder bumps described herein
are circular in shape, one having ordinary skill in the art will recognize that the
solder bumps may take any geometry, such as square, rectangular or polygonal.

It is further noted that while a solder redistribution reservoir 32 is square,

other geometries for the solder redistribution reservoir are within the scope of the
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contacts electrically connect the Iid to the substrate-—Preferably, the
chanber is a controlled environnment maintai ned at a vacuum |n accordance”

with another aspect of the present invention, a flip-chlltsSHes uedalL e
conprises a substrate and a chip in spaced apart relatio "jgt ed
contact bunp which electrically connects thelBid to the ,m

plurality of mechanical bunps bonding the chip to the su

t he
present invention. The different geometries and dimensions of the solder

redistribution reservoir may be controlled by various design parameters, such as
the amount of solder to be added, the speed of flow, the minimum feature spacing,
etc. For instance, as illustrated in FIG. 12, a solder structure 38 includes a U-
shaped solder redistribution reservoir 40 of the same width as the solder
redistribution reservoir 32 may be utilized in order to provide additional solder to
the bump. As another example, 2 solder structure S0 comprises a bump portion 52
in a plurality of regularly extending solder redistribution reservoirs §4, as
illustrated in FIG. 13. Thus, by engineering the particular dimensions in shape of
the solder redistribution reservoir, the volume, height, and area of the solder bump
can be precisely controlled.
 Ttis believed that the solder lines forming the solder redistribution

reservoirs may reach a critical length where the efficiency of the solder flow begins
to decreases. To improve flow at or near this critical length, and/or to better
control the flow rate of the solder, a gradient line width may be utilized, as
illustrated in FIGs. 14-16. As shown in FIG. 17, the line width and internal
pressure are essentially inversely proportional. Thus, by designing the solder
redistribution reservoir to have an increasing line width from a distal end 10 a
proximate end adjacent the bump, the flow rate of the solder will be increased. An
increase in the flow rate may be desirable with solder having a wide range of
plastic flow so that the solder can be moved before it is completely molten. As
illustrated in FIGs. 14 and 185, solder structures 60 and 62, include solder
redistribution reservoir 64 and 66, respectively, which have continuous line width
gradients. It is noted, however, that continuous line width gradients are not
necessary for the present invention. The line width grﬁient may bein only a
portion of the solder lines forming the solder redistribution reservoir.

Altematively, the solder redistribution reservoir may have a line width that
decreases from a distal end to 2 proximate end adjacent the solder bump in order to
decrease the flow rate, as illustrated by the solder structure 70 having solder
redistribution reservoirs 72. Slowing the flow rate of the solder in the solder
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REPLACEMENT SHEET - 6- nechani cal bunps incl ude sol der#ese%—vei—r—s—-assee—i—a{ ed
therewith. The sol der reservoirs associated with the mechanl cal burrp

be non-linear, and may have a non-uniform w dth portlo (s

above. According to one enbodi ment of the present |nvent

di scl osed a sol der- bunp structure on a m erpel<ectronic s

conprising a solder structure including a solder reservoir portion and a

sol der bunp portion, and wherein the solder reservoir portion conprises a

first linear segregle W& EE&V&&%Q Eeséesfrébrfgﬁrvmous circumstances, such as with
eutectic solders where rapid flow produces instabilities and unpredictability.
Specifically, the instability and unpredictability with eutectic solders is caused by a

variety of factors, such as not all the solder melting simultaneously, grains of

higher melting point alloys, etc.

As discussed above, a small amount of solder remains in the solder
redistribution reservoir after reflow. Even though the solder redistribution
reservoirs described herein can be shaped and sized to take very little space on a
substrate, it may still be desirable to remove the solder redistribution reservoirs
after the reflow step. In accordance with the present invention, by inhibiting the
complete conversion of the copper (or other wettable metal)layer of the under
bump ﬂxetallurgy to an intermetallic, the remaining copper may be removed in the
under bump metallurgy etch step. The removal of the copper allows the residual
solder of the solder redistribution reservoir to break off and float away in the under
bump metallurgy etchant. A small area of the solder redistribution reservoir may
have a narrow width or notch 74 (FIG. 16) which creates a weak point at which the
solder reservoir will bregk off, thereby controlling the breaking point.

By way of example, one method of causing incomplete conversion of the
copper in the metallurgy layer is to use a high-lead solder. Another technique
involves the use of rapid solder flow, as achievable via the techniques described
above, so that there is insufficient tin left in the residual solder in the solder
redistribution reservoir to complete the conversion of the copper. However, it is
noted that other techniques may be utilized to prevent the complete conversion of
the copper, thereby creating a sacrificial copper layer that release the solder
redistribution reservoir of the substrate.

Advantageously, solder bumps fabricated utilizing the solder redistribution
reservoirs in accordance with the present invention are taller than solder bumps
without a solder redistribution reservoir given the same pad diameter and plating
thickness. This is particularly advantageous in flip chip designs where it is often
difficult to adequately clean the flux and other residue from between the chip and

f
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segnent has opposed sides, and a second |inear segnent._wherein the second
linear segnent has opposed sides, wherein at |east one side of the first
| i'near segment is adjacent to at |east one side of the This6lmeidlabBeemReplaced
segnent, and wherein the at |east one side of the first |

P ] | S
oriented at an obtuse angle with respect 1g4the at |east mlﬁmm'be
second |inear segnent. According to one aspect of the invention, ol der
reservoir portion at |least partially waps around said sol der bunp portion.
Accordi ng to anot her aspect, of the invenijon, the pressur radi ent creates
a positive flow rsasats °§©‘F’G’8r‘hﬁt‘@g§‘3isﬁps ‘EiE‘F“‘B{’}Fi’B "ﬁB‘?‘f#Bﬁﬂ‘g‘tﬁq PP ai d
reflow process. 'igsriéznaerxrxargpéa%se 15&? adl{eSidn YF the underfill epoxies, electrical leakage, or

corrosion of metals. If the gap is not sufficiently large between the chip and

substrate, then the boundary layer of the cleaning solution would prevent or restrict
the flow of the cleaning solution between the chip and substrate.

However, the taller solder bump resulting from the use of the solder
redistribution reservoirs will improve the effectiveness of the cleaning solution by
increasing the gap between the chip substrate.

The underfill process will likewise benefit from the increased gap size. The
underfill epoxy is typically of low viscosity and may not flow between the chip and
substrate if the gap is too small. The taller solder bumps provide improved
clearance, thereby resulting in better underfill. The structure shown in FIG. 11,
when scaled to a pitch of 0.250 mm and plated to 2 height of 0.050 mm, could be
expected to increase the gap from 0.07 mm to 0.100 mm.

Furthermore, the taller the solder bump, the more mechanically reliable the
solder bump. This is primarily due to the reduction and strain per unit length
discussed above. Of special benefit is the reduction of the strain per unit length to
below the elastic limit for the solder. This will eliminate the plastic damage which
is the cause of solder fatigue failure.

An advantageous application of the present invention is illustrated in FIGs.
18 and 19, whereby the reliability of electrical connections in a flip chip device are
improved. In particular, with reference to FIG. 18, a chip 80 may comprise
mechanical bumps 82 which have one or more solder reflow reservoirs 84 in
accordance with the present invention associated therewith, and one or more
contact solder bump 86 for forming electrical contacts between the chip 86 and a
substrate 88 (FIG. 19). Given substantially uniform plating thickness across chip
80, the mechanical bumps 82 will have a greater volume that the contact bumps 86,
and therefors, will be taller. It has been determined that the contact bumps 86
should have a contact pad 90 as equal to or larger than the contact pads 92

associated with the mechanical bumps 82. By using contact pads of the same size

~A
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gradient can creates a negative in flowrate of sol der—te-said-solder hunp
portion during said reflow step. Mreover, the solder reservoir portion can
include a notch to facilitate renoval of said sol der ré@eﬁhﬁmﬂasp&ﬁkbmej rom

said mcroel ectronic substrate. According to yet another t he
I nvention, there is disclosed a solder buapmzt+sucture on gwwmom C
substrate, conpising a solder structure including a solder re

portion and a sol der bunp portion, and wherein said solder reservoir

tapered | npgp APE or AGE it e bOBABuBD 86, thhedtfichI BRI B2 Yt h&%ﬁ@'l&@&
that the contact bumps 86 until the contact bumps 86 have soldered to the substrate
88. Alternatively, the flow rate of the soldered to the mechanical bumps 86 from
the solder redistribution reservoir may be slowed using a solder redistribution
reseﬁot of a suitable dimension and shape, as described above. As shown in FIG.
19, the taller mechanical bumps 82 create a larger gap or opening between the chip
80 and substirate 88, which stretches the contact bumps 86. As discussed above,
the elongated contact bumps 86 are more reliable because the strain per unit length
is reduced. Itis noted that the bump'designs and configurations of FIGs. 18 and 19
are merely exemplary of a bump and associated solder redistribution reservoir
which can be utilized to stretch or elongate a contact bump to nnprove the
rehabxhty of the contact bump.

In yet another advantageous application of the present invention, an
improved vacuum may be formed in a sealed chamber, as illustrated in FIGs. 20A-
20C, and 21. In particular, a lid or cap 102 is pattemed with a soldered seal ring
104 for bonding with a substrate 106 for creating a sealed chamber 108. In the
embodiment illustrated, a second seal ring 110 is provided for redundancy and
improved reliability, though it is not necessary for the present invention, as best
illustrated in FIG. 21. Nonetheless, the second seal ring 110 reduces the pressure
differential across the first seal ring 104. Associated with each seal ring 104, 110
1s at least one solder redistribution reservoir 112 in accordance with the present
invention. While the solder redistribution reservoirs 112 are rectangular in the
illustrative embodiment, it is recognized that the solder redistribution reservoirs
can be shaped and sized as described herein to achieve a desired result.

A microelectromechanical system (MEMS) device 112, or other device
favoring a vacuum environment, is disposed inside the chamber 108. While the
MEMS device 112 is shown fabricated on the substrate 106, it will be recognized
by those of ordinary skill in the art that the MEMS device can be fabricated on
either or both the lid 102 and the subsizate 106.

On the substrate, bonding regions 114 are provided in the form of a
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| east partially waps around said sol der bunp portion—According to another
asfect of the invention, the pressure gradient creates a positive flow rate

of solder to said solder bunp portion during said refl| qusBe8ERSBeen Replaced
Furthernore, the pressure gradient can create a negativ:HgmmHﬂmtiﬂ of

sol der reservoir portion can include a notch to facilitat | : M sai d
sol der reservoir portion fromsaid mcroelectronic

sol der to said solder bunp portion during- s d refl ow st t he
metalization or other conventional solder wettable material for bonding to the

respective solders seal rings 104, 110, The fabrication of the bonding regions is
well known and need not be described forther herein. Alternatively, solder darns
may be utilized, as with cap 102. It is noted that the solder seal rings 104, 110 may
be square as shown, or alternatively, circular, rectangular, polygonal, or any other
shape.

With particular reference to FIGs. 20A-20C, the cap 102 is initially plated
with solder seal rings 104, 110. The cap 102 is then placed on the substrate 106 so
that the solder ring aligns with the solder wettable pads on the substrate 106. This
procedure is preferably performed in a vacuum environment so that the resulting
chamber 108 is at the pressure of the vacuum environment. Upon reflow, the
solder seal rings 104, 110 increase in size with the additional solder from the solder
redistribution reservoirs, thereby expanding the volume of the chamber 108. The
increase in volume decreases the pressure in the chamber 108. Thus, the pressure
in the chamber 108 will be less than that of the vacuum environment in which it
was sealed.

As an example, using the increase in gap height given above, the gap
volume will increase from 0.070mm®*A, where A is the area enclosed by the seal
ring, to 0.1mm*A. The volume increase is then 10/7 or 1.43 times greater. Since
pressure is inversely proportional to volume, the pressure will be 30% lower than
without the increased gap.

In the drawings and specification, there have been disclosed typical
preferred embodiments of the invention, and aithough specitic terms are employed,
they are used in a generic and descriptive sense only, and not for the purposes of

limitation; the scope of the invention being set forth in the following claims.
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REPLACENENT SHEET 7 substrate. A nethod in accordance with the present

I nvention for formng a solder bunp structure on a mcroelectronic .
substrate conprises the steps of form ng an under bunp netallurgy |ayer on
the m croel ectronic substrate, and form ng a sol der str uGhisflectdias RexeRaplacker

bunmp netal lurgy | ayer opposite the m croel ectronic substr
sol der structure includes a non- I|near sol der reservoir

S

sol der bunmp portion. The step of form ng- tdwe sol der structur

CLAIMS

Wherefore, the following is claimed:

I

I

1. A solder bump structure on a microelectronic substrate, comprising a

solder structure including a solder reservoir portion and a solder bump portion, and

wherein said solder reservoir portion is non-linear in shape.

2. The solder bump structure of Claim 1, wherein said solder reservoir

portion at least partially wraps around said solder bump portion.

3. The solder bump structure of Claim 1, wherein said solder structure

comprises a plurality of solder reservoir portions extending from said solder bump

portion.

4. The solder bump structure of Claim 3, wherein said solder reservoir

portions radially extend a substantially equal length from said solder bump portion.

5. The solder bump structure of Claim 1, wherein said solder reservoir

portion is shaped to create a pressure gradient along a length of said solder reservoir

portion during a solder reflow process.

6. The solder bump structure of Claim 5, wherein said pressure gradient

creates a positive flow rate of solder to said solder bump portion during said reflow

process.

7. The solder bump structure of Claim 1, wherein said pressure gradient

creates a negative in flow rate of solder to said solder bump portion during said reflow

step.
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I nclude the step of formng a solder structure including a plurality of

sol der reservoirs. In addition, the step of formng the solder structure
may include the step of fornming a solder bunp portion and—a—teservei+r—which
at least partially waps around the solder bunp portion._ Yet further, the
step of formng the solder structure may include the sté‘ﬁls eck b Rgep Beplaced
sol der structure including a solder reservoir shaped to cf : ; re
gradient along a length of the solder reseggyoir. In accor - t her
aspect of the present invention, a nmethod of form ng a sol der bunp
structure on a mcroelectronic substrate conprises the steps of formng an
under bunp netallurgy |ayer on the mcroel ectronic substrate, and

=

8. The solder bump structure of Claim 1, wherein said solder reservoir
portion includes a notch to facilitate removal of said solder reservoir portion from said

microelectronic substrate.

9. A solder bump structure on a microelectronic substrate, comprising 3
solder structure including a solder reservoir portion and a solder bump portion, and
wherein said solder reservoir portion has a width which in non-uniform in at least a

portion of said reservoir portion.

10. ° A microelectromechanical system (MEMS) module, coﬁpn'sing:

a substrate and & lid in spaced apart relationship;

a solder ring which bonds said §id to szid substrate to define a sealed chamber
therebetween, wherein said solder ring includes at least one solder reservoir associated
therewith; and

a MEMS device formed in said chamber.

11.  The MEMS module of Claim 10, further including a second solder ring
substantially concentrically aligned with said solder ring, and wherein said second

solder ring includes at least one solder reservoir associated therewith.

12, The MEMS module of Claim10, further comprising elongated electrical
contacts in said chamber, wherein said elongated electrical contacts electrically

connect said lid to said substrate.

13. The MEMS module of Claim 10, wherein said chamber includes a

controlled environmment maintained at a vacuum.
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form ng a solder structure on the under bunp netallurgy | ayer opposite the
m croel ectronic substrate, wherein the solder structure included a solder

bunp portion and a plurality of solder reservoir portions extending —
therefrom In accordance with yet another aspect of the prege et'hnv ntion,

a method for forming a flip-chip modul e conprises the steps |qh Ressc i gaced
contact solder bunp structure on a mcroelectronic substrati ﬂ ﬂ ,I
plurality of mechani cal sol der bunp structupes-on the micro LAl
substrate, wherein said nechani cal solder bunp structures have respective
sol der reservoirs associated therewith. Since the flow of nolten sol der
fromthe reservoir to Eg'e bxr?ﬂ:t J;;es%uét{ng?éorﬁpqgin%:resem

a substrate and a chip in spaced apart relationship;

an elongated contact bump which electrically connects said 1id to said
substrate; and

a plurality of mechanical bumps bonding said chip to said substrate, at least

one of said mechanical bumps including 2 solder reservoir associated therewith.

15.  The flip-chip structure of Claim 14, wherein said mechanical burnps
have a first volume afier reflow and said elongated contact bumps have a second

volume after reflow, wherein said first volume is greater than said second volume.

16. A method of forming a solder bump structure ;m a microelectronic
substrate, comprising the steps of:

forming an under bump metallurgy layer on the microelectronic substrate; and

forming a solder structure on said under bump metallurgy layer opposite the
microelectronic substrate, the solder structure including a non-linear solder reservoir

portion and a solder bump portion.

17.  The method of Claim16, wherein said step of forming the solder
structure includes the step of forming a solder structure including a plurality of solder

TESErvoirs.

18.  Themethod of Claim 16, wherein said step of forming the solder
structure includes the step of forming a solder structure including a solder reservoir
which at least partially wraps around the solder bump portion.

19.  The method of Claim 16, wherein said step of forming the solder

structure includes the step of forming a solder structure including 2 solder reservoir

e
i
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I nvention provides a nmeans for sequencing aspects of the soldering

operation. Further , the nmethod includes the steps of mating—the——
m croel ectronic substrate to a second substrate, and reflowing the solder ™
of the contact sol der bunps and the mechanical sol der burrpsmmshbdbmiﬁeé]& 1

m croel ectronic substrate to the second substrate, wherein t y yaced
sol der bunp becones el ongated due to the relatively |arger mﬁﬁl’

sol der bunps that will formafter a brief-defay.

shaped to create a pressure gradient along a length of the solder reservoir.

20. A method of forming a solder bump structure on a microelectronic
substrate, comprising the steps of:

forming an under bump metallurgy layer on the microelectronic substrate; and

forming a solder structure on the under bump metallurgy layer opposite the
microelectronic substrate, the solder structure including a solder bump portion and a
plurality of solder reservoir portions extending therefrom.

21. A method of forming a flip-chip module, comprising the steps of:

forming a contact solder bump structure on a microelectronic substrate;

forming a plurality of mechanical solder bump structures on the
microelectronic substrate, wherein said mechanical solder bump structures have
respective solder reservoirs associated therewith;

mating the microelectronic substrate to a second substrate; and

reflowing the solder of the contact solder bumps and the mechanical solder
bumps to bond the microelectronic substrate to the second substrate, wherein the
contact solder bump becomes elongated due to the relatively taller mechanical solder

bumps.

22.  The method of claim 21, wherein said step of :forming 2 contact solder
bump structure includes the step of forming a contact of 2 first volume and said step of
forming a plurality of mechanical solder bumps includes the step of forming

mechanical solder bumps, wherein the first volume is less than the second volume.

23. A method of forming a flip-chip module, comprising the steps of:
forming a solder ring on a2 microelectronic substrate, wherein said solder ring

includes at least one solder reservoir associated therewith;
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- 8- I n accordance with another aspect of the present invention, a or
of fornming a flip-chip nodule conprises the steps of forming a sol der rlnq
on a mcroelectronic substrate, wherein said solder ring i ncl udes at | east
one sol der reservoir associated therewith, mating the mcr oéhle&lteet(ﬂasmbenReplaced

substrate to a second substrate in a vacuum environnent to d lmgmmn

t herebet ween, and reflow ng the sol der of the solder ring to
m croel ectronic substrate to the second subs?8ate and to i ncrease

vol ume of the chamber. Thus, because of the increased volune of the seal ed
chanber, the chanber is at a relatively | ower

mating the microelectronic substrate to a second substrate in a vacuum

environment to define a chamber therebetween; and
reflowing the solder of the solder ring {o seal the microelectronic substrate to
the second substrate so as to increase the volume of the chamber, whereby the

chamber is at a relatively lower pressure than said vacuum environment.

24.  The method of Claim 23, further including the step of forming a second
solder ring substantially concentrically aligned with said solder ring, wherein said

second solder ring includes at least one solder reservoir associated therewith.

_.4_.,.—-_1-—-
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pressure than the vacuum environnent. The nethod may further include the
step of formng a second solder ring substantially concentr eat!ly algned™
with the solder ring, wherein the second solder ring includes at least qn od

sol der reservoir associated therewith. Qher features and a 5 Ry
present invention will becone apparent to one that is skilled I IBE i
upon exam nation of the follow ng drawi ngs and detail ed descr i '

i ntended that all such additional features &%d-advant ages be incl uded
herein within the scope of the present invention, as defined in the
appended cl ai ns.

CONTROLLED-SHAPED SOLDER RESERVOIRS FOR INCREASING THE
VOLUME OF SOLDER BUMPS, AND STRUCTURES FORMED THEREBY

ABSTRACT OF THE DISCLOSURE
A controlied-shaped solder reservoir provides additional solder to a bump in

the flow step for increasing the volume of soider forming the solder bump. The
controlled shaped reservoirs can be shaped and sized to provide predetermined
amounts of solder to the solder bump. Thus, the height of the resulting solder bump
can be predetermined. The solder reservoirs can be shaped to take a minimum amount
of space, such as by at least partially wrapping around the solder bump.

Consequently, the solder bumps may have increased height without adding to the
space requirements of the solder bump, or without increasing the fabrication cost. In
addition, due to the finite time required for solder flow, a means of sequencing events

during soldering is provided. '
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BRLEF DESCRI PTI ON OF TEE DRAW NGS FI Gs. 1-5 are cross skctional side views
oj a mcroelectronic substrate at various stages during the manufacture of
a’redistribution routing conductor according to the present invention.
FIGs. 6-10 are top vie o83 a mcroel ectronpycZsubstrate at various stages
during the manuf &ture o r edi strl butlog/r/outl ng conductor corresponding
respectively to Fﬁes FI Gs. i-@ ar& top plan views vari ous

enbodi nents of ¢ et 3haped so | Je voirs in afcopdanca with the

present invention
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FIG 17 is a graph illustrating the relationship of tfe reservoir width and
the internal pressure of the solder. FIG 18 is a cross sectional view of a
fiip-chip structure |ncorporat1ng t he sol der reservoirs of the present

i nventi on. -9- FIG 19 is'a top plan of a substrate including nechanical
contac bunps
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that include solder reservoirs in accordance with the“present invention and
el ectrical contact bunps. FIGs. 20A-20C are cross sectional views of a

m croel ectronic substrate at various stages during the manufacture of a
control pressure chanber in accordance with the present invention. FIG 21
is a bottomplan of the top substrate in FIGs. 2@420C. DETAI LED

DESCRI PTI ON OF PREFERRED EMBODI MENTS The pres@’t I nvention will now be

described nore fully hereinafter wt rX erence to the acconpanyi ng
drawi ngs, in which preferred enbodi t he

2
é s

2k

FIG. 11

1% o

FIG. 13

This Sheet Has Been Replaced
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I nvention are shown. This invention may, however, be enbodied in many
different forns and should not be construed as limted to the enbodi nents
set forth herein; rather, these enbodi ments are provided so thgpbthis

di scl osure will be thorough and conplete, and will full
of the invention nlled in the art. In the
t hi cknesg of |ayefs and regi
refer tolg@Kekl e
m croel ectronic
and a raised s
fromthe

out. |. Redistr# Gt i er ' : Conductors A

S fromth f ' as | shown

FIG. 14

7oﬂ gy

INTERNAL
PRESSURE

LINE WIDTH

FIG. 17

This Sheet Has Been Replaced
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top in corresponding FIG 10. The mcroel ectronic striucture includes a
contact pad 14 and passivation |ayer 12 on a substrate 15. The
redi stribution routing conductor 17 and sol der’ bunp 21 each include
respective portions of under bunp netallurgy |ayer 16A-B and sol der |ayer
22A-B. The redistribution routing conductor 17 includes a relatively
el ongate sol der portion 22B (also referred to herein as a sol der reservoir)
on a respective elongate under bunp netallurgy portion 16B. The sol der bunp
21 includes an enlarged wi dth sol der portion 22A on a respective enlarged
wi dt h under bunp netallurgy portion 16A. Preferably the el ongate sol der
portion 22B is relatively

¢
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FIG. 18
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FIG 5. REPLACEMENT SHEET - 10 - Accordingly, the solder bunp 21 can be
| ocated at a point on the sypstrate rerattvery di ST ant ﬂ11_,0'{1‘3.‘1,he contact pad
14 with the redistribution r GOLRLAUCE Ol ol mibp Sy
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afdlvant’age that a substrate having a | ayout with a cont acfy—pae~l4-at_one
predeterm ned | ocati on can have an associ ated sol der bu %PLACEM;WQ;HEET
This can be particularly useful, for exanple, a—-substraf

| ocati on.

has a | ayout with contact pads arranged for w re bondi ngj nggl C; desi
to use the substrate in a flip-chip application. This sof dg ufﬁ? #i98

redi stribution routing conductor can be fab¥itated simulfta
descri bed below with regard to Fl Gs.

conduct or

meotsHy—as. ]
1-10. Wiile the redistribution routing

r dd

17 can be straight as shown, it may al so i ncl utde bends—and

curves. Furthernore, the solder bunp 21 may be circul ar as'shown or it can
have other shapes GONTROLLED!SHAPER'SOLDER RESERVOIRS FOR INCREASING

THE VOLUME OF SOLDER BUMPS, AND STRUCTURES FORMED
THEREBY

FIELD OF THE INVENTION

This invention relates to the field of microelectronic devices, and more

particularly. to solder bumps for microelectronic devices.

BACKGROUND OF THE INVENTION

High performance microelectronic devices often use solder balls or solder
bumps for electrical and mechanical interconnection to other microelectronic
devices. For example, a very large scale integration (VLSI) chip may be
electrically connected to a circuit board or other next level packaging substrate
using solder balls or solder bumps. This connection technology is also referred to
as "Controlled Collapse Chip Connection - C4" or "flip-chip” technology, and will
be referred to herein as "solder bumps".

A significant advance in this téchﬁo]ogy is disclosed in U. S. Patent No.
5,162,257 to Yung entitled "Solder Bump Fabrication Method" and assigned to the
assignee of the present invention. In this patent, an under bump metallurgy is
formed on the microelectronic substrate including contact pads, and solder bumps
a.re..formed on the under bump metallurgy opposite the contact pads. The under
bump metallurgy between the solder bumps and the contact pads is converted to an
intermetallic which is resistant to etchants used to etch the under bump metallurgy
between solder bumps. Accordingly, the base of the solder bumps is preserved.

In many circumstances, it may be desired to provide a solder bump on the
substrate at a location remote from the contact pad and also form an electrical
connection between the contact pad and the solder bump. For example, a
microelectronic substrate may be initially designed for wire bonding with the

contact pads arranged around the outer edge of the substrate. At a later time it may



The sol der bunp 21 and the redistribution routing conddu
preferably formed sinultaneously. FIGs. 1-5 are cross-s
of *mi croel ectronic structures at various stages of fabn
6- 10 are corresponding top views of the sanme m croel eq
The m croelectronic structure 11 initially includes a f
and an exposed contact pad 14 on a substrat® -15, as shd

The substrate 15 can include a |layer of a sem conductin

CLOTI L7 |
SBERAREMENT SHETe s
i qattom Wi T€e Fl§s.
trori § BECUGYYT ps
agqsi vation |ayel 12
Th FTGs. 1 andj6.
g material such as

silicon, galliumarsenide, silicon carbide, dianond, or

ot her substrate

mat eri al s known goddsiies e heictdeldctronit sibtratain an dpplisationyrequinfig solder

sem conducting material can

bumps to be placed in the interior of the substrate. In order to achieve the

placement of a solder bump on the interior of the substrate away from the

respective contact pad, an interconnection or redistribution routing conductor may

be necessary.

U. S. Patent No. 5,327,013 to Moore et al. entitled "Sclder Bumping of

Integrated Circuit Die" discloses a method for forming a redistribution routing

conductor and solder bump on an integrated circuit die. This method includes

forming a terminal of an electrically conductive, solder-wettable composite

material. The terminal includes a bond pad overlying the passivation layer remote

from a metal contact and a runner that extends from the pad to the metal contact.

A body of solder is reflowed onto the bond pad to form a bump bonded to the pad

and electrically coupled through the runner.

In this method, however, the solder bump is formed by pressing a

microsphere of a solder alloy onto the bond pad. In addition, the spread of solder

along the runner during reflow is limited. In the illustrated embodiment, a solder

stop formed of a polymeric solder resist material is applied to the runner to confine

the solder to the bond pad.

In many circumstahces, it is desirable to form relatively tall solder bumps.

For example, taller solder bumps provide a larger opening between a

microelectronic chip and substrate in a flip-chip module, which facilitates

improved cleaning and underfill. In addition, it is generally excepted that taller

solder bumps are more reliable because the straining per unit length is

proportionally reduced with the increase in bump height.

A known technique for increasing solder bump height is to increase the

volumne solder with the same diameter solder pad. However,

this technique

typically requires more space on the substrate for plating or depositing the

additional solder, and/or requires additional process steps. As a consequence, the

benefit of increasing the bump height is often offset, at least in part, by the increase

in surface area required for a single bump, and or, the additional cost associated

N



i'n turn include one or nore el ectronic devices such as t'rﬁﬁglr@quéﬁ SHEET
resi stors, capaci.t Ors Shatlds BeenREgleed Or s. The contact pad e ¢

al umi num copper, ti ernmetal lic including conpingt S {h¢
af orenenti oned et al kmnﬁﬂ!&@r‘mm and Al Ti 3, or ot hegJ mat'erzl]gl EEEn@g\A% o}
those having skill i S contact is preferably connected to an|

electronic device in the substrate. The passi-vation | ayer 12 can include |-
pol yi mi de, silicon dioxide, silicon nitride, or other passivation naterials
known to those having ski Il in the art. As shown, the passivation |ayer 12
may cover top edggy, dﬁfonm%mépr@tﬁ&tmamasbﬁdmmﬁngtme sthain serhmitr at e

15, .l eavi ng the cen ra portlon of the contact pad 14 exposed.
length in the solder includes casting pillars, posts, or beams o high melting point

P

solder and attaching these to the semiconductor using lower temperature solders.
Notwithstanding the above mentioned references, there continues to exist a
need in the art for solder bump structures that are relatively tall, do not require

additional surface area, and can be fabricated efficiently and at a reduced cost.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide an improved
solder bump structure.

It is another object of the present invention to provide solder bump
structure with a solder redistribution reservoir for increasing the volume, and thus
the height, of the solder bump. |

It is another object of the present invention to provide an improved vacuum
in a sealed chamber including a microelectronic device.

These and other objects are provided, according to the present invention, by
a controlled-shaped solder reservoir which provides additional solder to a bump in
the reflow step for increasing the volume of solder forming the solder bump. The
controlled shaped reservoirs can be shaped and sized to provide predetermined
amounts of solder to the solder bump. Thus, the height of the resulting solder
bump can be predetermined, not to mention that the height is greater than that of
similar solder bumps without solder redistribution reservoirs because of the
additional solder volume added by the reservoirs. To accommodate the stringent
space requirement in many microelectronic chip designs, the solder reservoir can
be shaped to take 2 minimum amount of space. Consequently, the solder bumps
may have increased height without adding to the space requirements of the solder
bump, or without increasing the cost.

Other advantages of the solder structures formed in accordance with the
present invention include an increase opening or gap in a flip-chip structure

because of the taller solder bumps. This allows for more efficient cleaning of flux

l}"{IQ Srit L*I H:\q BEEN
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and other residues, and more efficient underfilling. The taller solder bumps can
also be utilized in conjunction with electrical contact bumps that do not have solder
reservoirs so that the contact bumps are elongated by the relatively larger bumps |
formed with the assistance of the additional solder from the reservoirs.
Consequently, the contact bumps are more reliable because the strain is distributed
over a greater length (i.e., height) because of the relatively larger volume bumps.
Yet another advantage is that the relatively taller solder bumps can be utilized to
increase the volume, and thus reduce the pressure, of a sealed chamber in a MEMS
vacuum package. This enables a lower pressure vacuum environment to the
generated without the equipment typically needed to generate such low pressures
vacuums. Further, a single masking step can be used to define both the solder
bump structure, including the solder redistribution reservoir, and the under bump
metallurgy layer.

In accordance with one embodiment of the present invention, a solder
structure on a microelectronic substrate comprises a solder reservoir portion and a
solder bump portion, and wherein the solder reservoir portion is non-linear in
shape. The solder reservoir portion may wrap around the solder bump portion in
order to take up less space. In addition, the solder structure may comprise a
plurality of solder reservoir portions extending from the solder bump portion.
Preferably, the radially extending solder reservoirs are of substantially equal
length, though the reservoirs can be of varying lengths.

Further, the solder reservoir portion may be shaped to create a pressure
gradient along the length of the solder reservoir portion during a solder reflow
process. Accordingly, the rate of solder flow can be controlled, which may be
highly desirable in particular circumstances. The pressure gradient may increase
the flow rate of solder to the solder bump portion, or the pressure gradient may
decrease the flow rate of solder to the solder bump portion.

In order to reduce the area taken by the solder bump structure, the solder
reservoir portion may include a notch for facilitating the removal of the residual

solder of the solder reservoir portion subsequent to the solder reflow process. The
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ptovi de a pl ating electrode, as shown in FIGs. 2 and 7. ) ‘
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12 and contact pad 14, and al so provides ase for the plated sql der which
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barrier |ayer
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solders which may facilitate the incomplete conversion of copper in the under
bump metallurgy. Thus, the remaining copper may be dissolved in the subsequent
etch step, thereby allowing the residual solder of the reservoir to break off at the
weak point created by the notch, and float away in the etchant.

In accordance with another aspect of the present invention, a solder
structure on a microelectronic substrate comprises a solder reservoir portion and a
solder bump portion, and wherein the solder reservoir portion has a width which is
non-uniform in at least a portion of the reservoir portion. Accordingly, a pressure
gradient can be achieved within the solder reservoir to either increase or decrease
the flow rate of the solder to the bump structure during the solder flow process. As
mentioned above, controlling the flow rate of the solder in the solder flow process
may be desirable in certain applications.

In accordance with yet another aspect of the present invention, a
microelectromechanical system (MEMS) module comprises a substrate and a lid in
spaced apart relationship, a solder ring which bonds the lid to the substrate to
define a sealed chamber therebetween, wherein the solder ring includes at least one
solder reservoir associated therewith. In addition, the device includes a MEMS
device formed in the chamber.

A second solder ring that is concentrically aligned with the first solder ring
may be included, wherein the second solder ring also includes at least one solder
reservoir associated therewith. The MEMS module may further comprise
elongated electrical contacts within the chamber, wherein the elongated electrical
contacts electrically connect the lid to the substrate. Preferably, the chamber is a
controlled environment maintained at a vacuum.

In accordance with another aspect of the present invention, a flip-chip
structure comprises a substrate and a chip in spaced apart relationship, an elongated
contact bump which electrically connects the lid to the substrate, and a plurality of
mechanical bumps bonding the chip to the substrate, wherein the mechanical

bumps include solder reservoirs associated therewith. The solder reservoirs
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bet ween the substTaté and the chrom um | ayer as disclosed in U S Patent

No. 5,767,010 entit ﬁ " %BLﬁ'e%ﬁRééﬁma Fabrication Met hogds—

(D

I nel udi ng a Titani ," and assigned to

present invention. ar rier |layer protectsg “.c passt-vat
| ayer from etchants t he ot her conponents h@;ﬁl burrp
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uniform width portion, as discussed above.

A method in accordance with the present invention for forming a solder
bump structure on a microelectronic substrate comprises the steps of forming an
under bump metallurgy layer on the microelectronic substrate, and forming a
solder structure on the under bump metailurgy layer opposite the microelectronic
substrate, wherein the solder structure includes a non-linear solder reservoir portion
and a solder bump portion. The step of forming the solder structure may include
the step of forming a solder structure including a plurality of solder reservoirs. In
addition, the step of forming the solder structure may include the step of forming a
solder bump portion and a reservoir which at least partially wraps around the solder
bump portion. Yet further, the step of forming the solder structure may include the
step of forming a solder structure-including a solder reservoir shaped to create a
pressure gradient along a length of the solder reservoir.

In accordance with another aspect of the present invention, a method of
formittg a solder bump structure on a microelectronic substrate comprises the steps
of forming an under bump metallurgy layer on the microelectronic substrate, and
forming a solder structure on the under bump metallurgy layer opposite the
microelectronic substrate, wherein the solder structure included a solder bump
portion and a plurality of solder reservoir portions extending therefrom.

In accordance with yet another aspect of the present invention, a method for
forming a flip-chip module comprises the steps of forming a contact solder bump
structure on a microelectronic substrate, forming a plurality of mechanical solder
bump structures on the microelectronic substrate, wherein said mechanical solder
bump structures have respective solder reservoirs associated therewith. Since the
flow of molten solder from the reservoir to the bump takes time, the present
invention provides a means for sequencing aspects of the soldering operation.
Further , the method includes the steps of mating the microelectronic substrate to a
second substrate, and reflowing the solder of the contact solder bumps and the

mechanical solder bumps to bond the microelectronic substrate to the second

}
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Pat ent No. 4,950,623 to Di shon entitled "Method of |BREPIACEMENT| SEETBYinps",
U. S Patent No. 5, ﬂ@zs@ammeeﬁ/ %ntltled "Sol der {Burp T‘aLJl;\,afTUI !

Met hod”, and U. S. P 7010 to M s et all. e% §§)I ey Bunp
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i nvention, and the disclosure of each is hereby |ncorporated |n |ts i
entirety herel n by reference. A solder dam 18 can be e e Tnder
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a sol der non-wet fa?g%lr ?neglp?ag'r?cai sollder bumps that will form after a brief delay.
In accordance with another aspect of the present invention, a method of
forming a flip-chip module comprises the steps of forming a solder ring on a
microelectronic substrate, wherein said solder ring includes at least one solder
reservoir associated therewith, mating the microelectronic substrate to a second
substrate in a vacuum environment to define a chamber therebetween, and
reflowing the solder of the solder ring to seal the microelectronic substrate to the
second substrate and to increase the volume of the chamber. Thus, because of the
increased volume of the sealed chamber, the chamber is at a relatively lower
pressure than the vacuum environment. The method may further include the step
of forming a second solder ring substantially concentrically aligned with the solder
ring, wherein the second solder ﬁng includes at least one solder reservoir
associated therewith.
Other features and advantages of the present invention will become
apparent to one that is skilled in the art upon examination of the following
drawings and detailed description. It is intended that all such additional features

and advantages be included herein within the scope of the present invention, as

defined in the appended claims.

FIGs. 1-5 are cross sectional side views of a microelectronic substrate at
various stages during the manufacture of a redistribution routing conductor
according to the present invention.

FIGs. 6-10 are top views of a microelectronic substrate at various stages
during the manufacture of a redistribution routing conductor corresponding
respectively to FIGs. 1-5.

FIGs. 11-16 are top plan views of various embodiments of controlled

shaped solder reservoirs in accordance with the present invention.
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FIG. 17 is a graph illustrating the relationship of the reservoir width and the
internal pressure of the solder.

FIG. 18 is a cross sectional view of a flip-chip structure incorporating the
solder reservoirs of the present invention.

FIG. 19 is a top plan of a substrate including mechanical contact bumps that
include solder reservoirs in accordance with the present invention and electrical
contact bumps.

FIGs. 20A-20C are cross sectional views of a microelectronic substrate at
various stages during the manufacture of a control pressure chamber in accordance
with the present invention.

FIG. 21 is a bottom plan of the top substrate in FIGs. 20A-20C.

The present invention will now be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the
art. In the drawings, the thickness of layers and regions are exaggerated for clarity.

Like numbers refer to like elements throughout.

L Redistribution Routing Cond

A microelectronic structure 11 includes a redistribution routing conductor
and a raised solder bump, as shown from the side in FIG. 5 and as shown from the
top in corresponding FIG. 10. The microelectronic structure includes a contact pad
14 and passivation layer 12 on a substrate 15. The redistribution routing conductor
17 and solder bump 21 each include respective portions of under bump metallurgy
layer 16A-B and solder layer 22A-B.

The redistribution routing conductor 17 includes a relatively elongate
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under bunp netal lurgy | ayer 16, as shown in FIGs. 3 and 8—fbre
particularly, the second portion of the under bu metal lurgy | ayer 16,
which is not coveolder poption22Bs@lsdaefenedtodietcipas 2 mﬁ)@desﬁﬁ@i{) prg Egspeqtive| udes
an enlarged w dt glopr)l(g)z;tg im? er {Sgrﬁp metallurgy portion 16B. The solder bump 21 includes an
enlarged width solder portion 22A on a respective enlarged width under bump
metallurgy portion 16A. Preferably the elongate solder portion 22B is relatively

thin while the enlarged width solder portion 22A is raised, as shown in FIG. 5.

Accordingly, the solder bump 21 can be located at a point on the shbstrate
relatively distant from the contact pad 14 with the redistribution routing conductor
17 providing an electrical connection therebetween. This arrangement provides the
advantage that a substrate having a layout with a contact pad 14 at one
predetermined location can have an associated solder bump at a second location.
This can be particularly useful, for example, when a substrate has a layout with
contact pads arranged for wire bonding, and it is desired to use the substrate in a
flip-chip application. This soldef bump and redistribution routing conductor can be
fabricated simultaneously, as described below with regard to FIGs. 1-10.

While the redistribution routing conductor 17 can be straight as shown, it
may also include bends and curves. Furthermore, the solder bump 21 may be
circular as shown or it can have other shapes such as rectangular.

The solder bump 21 and the redistribution routing conductor 17 are
preferably formed simultaneously, FIGs. 1-5 are cross-sectional side views of
microelectronic structures at various stages of fabrication, while FIGs. 6-10 are
corresponding top views of the same microelectronic structures. The
microelectronic structure 11 initially includes a passivation layer 12 and an
exposed contact pad 14 on a substrate 15, as shown in FIGs. 1 and 6.

The substrate 15 can include a layer of a semiconducting material such as
silicon, gallium arsenide, silicon carbide, diamond, or other substrate materials
known to those having skill in the art. This layer of semiconducting material can
in turn include one or more electronic devices such as transistors, resistors,
capacitors, and/or inductors. The contact pad 14 may comprise aluminum, copper,
titanium, an intermetallic including combinations of the aforementioned metals

such as AlCu and AlTi,, or other materials known to those having skill in the art.
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The passivation layer 12 can include polyimide, silicon dioxide, silicon

nitride, or other passivation materials known to those having skill in the art. As

shown, the passivation layer 12 may cover top edge portions of the contact pad 14

opposite the substrate 15, leaving the central portion of the contact pad 14 exposed.

As will be understood by those having skill in the art, the term substrate may be

defined so as to include the passivation layer 12 and contact pad 14 of FIGs. 1 and

6.

An under bump metallurgy layer 16 is formed on the passivation layer to

provide a connection between the solder bump and the contact pad 14 and to

provide a plating electrode, as shown in FIGs. 2 and 7. The under bump

metallurgy layer 16 also protects the contact pad 14 and passivation layer 12 during

subsequent processing steps, and provides a surface to which the solder will

adhere. The under bump metallurgy layer preferably includes a chromium layer on

the passivation layer 12 and contact pad 14; a phased chromium/copper layer on

the chromium layer; and a copper layer on the phased layer. This structure adheres

to and protects the passivation layer 12 and contact pad 14, and also provides a

base for the plated solder which follows.

The under bump metallurgy layer may also include a titanium barrier layer

between the substrate and the chromium layer as disclosed in U. S. Patent No.
5,767,010 entitled "Solder Bump Fabrication Methods and Structures Including a

Titantum Barrier Layer," and assigned to the assignee of the present invention.

This titanium barrier layer protects the passivation layer from etchants used to

remove the other components of the under bump metallurgy layer and also

prevents the formation of residues on the passivation layer which may lead to

shorts between solder bumps and redistribution routing conductors. The titanium

layer can be easily removed from the passivation layer without leaving significant

residues.

Various under bump metallurgy layers are disclosed, for example, in U.S.

Patent No. 4,950,623 to Dishon entitled "Method of Building Solder Bumps", U.S.

THIS SHEET HAS BEEN
~ REPLACED




screen printi ng—as—a—paste—by—evaporation, by e- bear’n ;qimq@gmmm SHﬁET

el ectrol ess depositi on or by other nethods known to t I n
thé art. In additTHgphes © #¢in solder is used for PREESS
illustration throu Hu h I gl fi cation, other solderszséﬂgsbgéﬂa

sol der, |ead-indiu ' il n sol der n be used as.-will—be-—unrder$tood

by those having skill in the art. The sold layer 22 I ncl udes an el ongate
portion 22B and an enlarged wi dth portion 22A. After ir.enpvi-ng-t-he-mask™
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U.S. Patent No. 5,767,010 to Mis et al. entitled "Solder Bump Fabrication Methods
and Structures Including a Titanium Barrier Layer." Each of these references is
assigned to the assignee of the present invention, and the disclosure of each is
hereby incorporated in its entirety herein by reference.

A solder dam 18 can be formed on the under bump metallurgy layer 16.
This solder dam 18 preferably includes a layer of a solder non-wettable material
such as titanium or chromium on the under bump metallurgy layer 16. The solder
dam 18 will be used to contain the solder if a reflow step is performed prior to
removing the first (exposed) portion of the under bump metallurgy layer 16 not
covered by solder, as discussed below. A mask layer 20 is then formed on the
solder dam 18. The mask layer may comprise a photoresist mask or other mask
known to those having skill in thé art.

The mask layer 20 is patterned to cover the solder dam over the first portion
of the under bump metallurgy layer and to uncover areas of the solder dam 18 over
a second portion of the.under bump metallurgy layer 16 on which the solder bump -
and redistribution routing conductor will be formed. The uncovered portion of the
solder dam is then removed thereby uncovering the second portion of under bump
metallurgy layer 16, as shown in FIGs. 3 and 8. More particularly, the second
portion of the under bump metallurgy layer 16, which is not covered by the solder
dam and patterned mask layer, includes an enlarged width portion 16A and an
elongate portion 16B.

A solder layer 22 is preferably electroplated on the second portion of the
under bump metallurgy layer 16, as shown in FIGs. 4 and 9. The solder can be
electroplated by applying an electrical bias to the continuous under bump
metallurgy layer 16 and immersing the microelectronic structure in a solution
including lead and tin, as will be understood by those having skill in the art. This
electroplating process allows solder layers to be formed simultaneously on a
plurality of second portions of the under bump metallurgy layer 16. The solder
will not plate on the mask layer 20. Alternatively, the solder can be applied by
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screen printing as a paste, by evaporation, by e-beam deposition, by electroless
deposition or by other methods known to those having skill in the art. In addition,
while lead-tin solder is used for purposes of illustration throughout the
specification, other solders such as gold solder, lead-indium solder, or tin solder .
can be used as will be understood by those having skill in the art.

The solder 1ayer 22 includes an elongate portion 22B and an enlarged width
portion 22A. After removing the mask layer 20, the microelectronic structure 11
can be heated causing the solder to flow from the elongate solder portion 22B to
the enlarged width solder portion 22A thereby forming a raised solder bump at the
enlarged width solder portion 22A. The solder dam 18 prevents the solder from
spreading beyond the elongate 16B and enlarged width 16A portions of the under
bump metallurgy layer 16, as shqwn in FIGs. 5 and 10.

The solder will flow when heated above its liquidous temperature
(approximately 299°C for solder having 90% lead and 10% tin), and this process is
commonly referred to as solder reflow. During reflow, the surface tension of the
solder creates a relatively low internal pressure in the enlarged width solder portion
22A over the relatively wide geometry provided for the solder bump, and a
relatively high internal pressure in the elongate solder portion 22B over the
relatively narrow geometry provided for the redistribution routing conductor.

In order to equalize this internal pressure differential, solder flows from the
elongate solder portion 22B to the enlarged width solder portion 22A.

Accordingly, the solder forms a raised solder bump at the enlarged width solder
portion 22A and a relatively thin layer of solder at the elongate solder portion 22B
over the redistribution routing conductor. When the solder is cooled below its
liquidus temperature, it solidifies maintaining its shape including the raised solder
bump and the thin layer of solder over the redistribution routing conductor.

It is known in the art of printed circuit board manufacture to apply solder at
a uniform level on PCB lands by screen printing, and that the level of solder can be
increased locally by enlarging a part of the land. See, Swanson, "PCB Assembly:
Assembly Technology in China," Electronic Packaging & Production, pp. 40, 42,
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then heated to produce a raised solder bump together with a redistribution routing
conductor on the substrate.

Furthermore, U. S. Patent No. 5,327,013 to Moore et al. states that a
microsphere of a solder alloy can be pressed onto a pad, and that a stop formed of a
polymeric solder resist material can be applied to the runner to confine the solder
to the bond pad. While this patent states that the spread of solder along the runner
during reflow can be limited by constricting the width of the runner section relative
to the bond pad, there is no suggestion that the relative dimensions of the runner
section and the bond pad can be used to cause solder to flow from the runner to the
bond pad thereby forming a multilevel solder structure. In addition, neither of
these references suggest that a soider structure having an elongate portion and an
enlarged width portion can be used to mask the under bump metallurgy layer in
order to form a redistribution routing conductor together with a raised solder bump
using only a single masking step.

The method described herein relies on differences in the surface-tension
induced internal pressure of the reflowed (liquid) solder to form a thin layer of
solder at the elongate solder portion 22B and a raised solder bump at the enlarged
width solder portion 22A. The internal pressure P of a liquid drop of solder can be
determined according to the formula:

P=2Th,
where T is the surface tension of the liquid solder, and r is the radius of the drop.

Where liguid solder is on a flat wettable surface such as the under bump

metallurgy layer, the formula becomes:

P=2TH'
In this formula, ' is the apparent radius of the liquid solder, and the apparent radius
is the radius of the arc (radius of curvature) defined by the exposed surface of the
solder. The apparent radius is dependent on the width of the underlying solder

wettable layer such as the second portion of the under bump metallurgy layer
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a uni form | evel rafleived solder structure is inversely proportional to the width of the second
portion of the under bump metallurgy in contact with the solder. Stated in other
words, a solder portion having on a relatively wide under bump metallurgy portion
will have a relatively low internal pressure while a solder portion on an elongate
(relative narrow) under bump metallurgy portion will have a relatively high
internal pressure. The internal pressures will equalize when the apparent radii of
the elongate solder portion 22B and the enlarged width solder portion 22A are
approximately equal.

Accordingly, when the solder layer 22 with a uniform level illustrated in
FIGs. 4 and 9 is heated above its liquidus temperature, solder flows from the
elongate solder portion 22B to the enlarged width solder portion 22A until each
portion has approximately the same apparent radius thereby forming a raised solder
bump. If the solder flow step is performed prior to removing the first portion of
the under bump metallurgy layer 16 not covered by the solder structure, an
intermetallic can be formed between the solder portions 22A-B and under bump
metallurgy portions 16A-B adjacent the solder wherein the intermetallic is resistant
to etchants commonly used to remove the under bump metallurgy. Accordingly,
this intermetallic reduces undercutting of the solder during the following step of
removing the first portion of the under bump metallurgy not covered by solder, as
discussed in U. S. Patent No. 5,162,257 to Yung entitled "Solder Bump Fabrication
Method" and assigned to the assignee of the present invention.

Preferably, the under bump metallurgy layer 16 includes a copper layer
adjacent the solder structure and the solder is a lead-tin solder. Accordingly, the
step of causing the solder to flow will cause the solder to react with the copper to
form an intermetallic region adjacent the solder structure, and this intermetallic
will comprise Cu,Sn. This intermetallic does not readily react with etchants
commonly used to remove under bump metallurgy layers thereby reducing
undercutting of the solder structure.

The solder layer 22 is then preferably used as a mask to selectively etch the
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first portions of the solder dam 18 and under bump metallurgy 16 not covered By

solder. A chemical etchant can be used which etches the under bump metallurgy

layer 16 preferentially with respect to the solder portions 22A-B. Accordingly, no
additional masking step is required to pattern the under bump metallurgy layer.
Stated in other words, the formation of mask layer 20 is the only masking step
required to pattern the solder dam 18 (FIGs. 3 and 8), selectively expose the second
portion of the under bump metallurgy layer 16 during the plating step (FIGs. 3 and
8), and remove the first portions of the under bump metallurgy layer not covered
by solder after the plating step (FIGs. 5 and 10).

Alternately, the first portions of the under bump metallurgy layer 16 not
covered by solder portions 22A and 22B can be selectively removed prior to
causing the solder to flow. In this case, the elongate 22B and enlarged width 22A
solder portions are respectively sﬁpported on only the elongate 16B and enlarged
width 16A under bump metallurgy portions, and while the liquid solder is wettable
to the under bump metallurgy, it is not wettable to the passivation layer 12.
Accordingly, the passivation layer can contain the solder during the solder flow
step, and the solder dam 18 can be eliminated.

In another alternative, the solder dam can include a solder non-wettable
layer on the under bump metallurgy layer 16 and a solder wettable layer, such as
copper, on the solder non-wettable layer opposite the under bump metallurgy layer,
as disclosed in U. S. Patent No. 5,767,010 to Mis et al. entitled "Solder Bump
Fabrication Methods and Structures Including a Titanium Barrier Layer”. The
solder wettable layer allows solder to be plated on portions of the solder dam as
well as the second portion of the under bump metallurgy layer not covered by the
solder dam or mask.

Accordingly, the mask layer 20 can uncover portions of the solder dam as
well as portions of the under bump metallurgy layer 16 thereby allowing a greater
volume of solder to be plated. The mask layer 20 and underlying portions of the
solder wettable layer are then removed. When heat is applied to cause the solder to

flow, the remaining portion of the solder wettable layer under the solder will be
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dissolved into the solder exposing the solder to the solder non-wettable layer. -
Accordingly, the solder will retreat to the second portion of the under bump
metallurgy layer which is wettable.

As an example, a first poﬁion of the under bump metallurgy layer 16 is
covered by a solder dam 18 and a mask layer 20. A second portion of the under
bump metallurgy layer 16 is uncovered and has an elongate portion 16B that is 150
micrometers wide and 500 micrometers long, and a circular enlarged width portion
16A with a 500 micrometers diameter (or width), as shown in FIGs. 3 and 8. A
uniform 35 micrometers high solder layer 22 is then electroplated on the second
portion of the under bump metallurgy layer 16 including elongate portion 16A and
enlarged width portion 16B, as shown in FIG. 4. This solder is 90% lead and 10%
tin. After removing the mask layer 20, the solder is heated above its liquidus
temperature (approximately 299°C) allowing it to flow.

The liquid solder is contained on the second portion 16A-B of the solder
wettable under bump metallurgy layer by the solder dam 18 to which the solder
will not wet. Because the solder structure has varying widths, the internal pressure
of the solder structure is not consistent when the height is uniform. In particular,
the intcrﬁal pressure of the elongate solder portion 22B is relatively high
(approximately 1.283 X 10* Pa or 1.86 psi) and the internal pressure of the
enlarged width solder portion 22A is relatively low (approximately 3.848 X 10* Pa
or .558 psi) at the original solder height.

Accordingly, solder flows from the elongate solder portion 22B to the
enlarged width solder portion 22A until the internal pressures equalize, thereby
forming a raised solder bump at the enlarged width solder portion 22A, as shown
in FIG.s 5 and 10. In FIGs. 5 and 10, the solder dam 18 and the first portion of the
under bump metallurgy layer 16 not covered by the solder structure have also been
removed.

In this example, equilibrium is obtained at an internal pressure of
approximately 3.4 X 10° Pa (.493 psi). At equilibrium, the elongate solder portion
22B is approximately 10 micrometers high and the enlarged width solder portion
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under bunp netal lurgy | ayer, the fornula becones:

22A is approximately 130 micrometers high, and both portions have a radius of
curvature of approximately 281 micrometers. Accordingly, a two level solder
structure can be provided with a single masking step. When cooled, this structure
solidifies while maintaining its form. In addition, the elongate solder portion 22B
with a solder height of 10 micrometers is sufficient to mask the respective elongate
under bump metallurgy layer portion 16B when removing the first portion of the
under bump metallurgy layer not covered by solder. The enlarged width portion of
the solder structure may have a width (or diameter if the enlarged width portion is
circular) of at least two times a width of the elongate portion of the solder structure
in order to ensure that the solder bump formed by the method described above is
sufficiently raised relative to the elongate solder portion to provide an adequate
connection to a printed circuit board.

In the drawings and specification, there have been disclosed typical
preferred embodiments of the invention and, although specific terms are employed,
they are used in a generic and descriptive sense only and not for purposes of

limitation, the scope of the invention being set forth in the following claims.

II._Controlled-Shaped Solder Reservoirs

As described above, the elongate solder portion 22B functions as a solder
redistribution reservoir for the enlarged with solder portion 22A. The surface-
tension induced pressure differential causes the molten solder in a relatively high
pressure elongate solder portion 22B to flow to the relatively lower pressure
enlarged width portion 22A. The increasing solder volume at the enlarged width
portion 22A forms a raised solder bump. A solder bump so formed generally has a
relatively larger height than solder bumps formed without solder redistribution
reservoirs when utilizing the same pad diameter and soider plating thickness.
Thus, by taking advantage of the surface-tension induced pressure differential
between a solder redistribution reseﬁoir and an elongate width portion, :Such asa
solder bump, relatively taller bumps can be advantageously achieved. The

following description is of various embodiments of solder structures which take -

* VHIS SHEET HAS Bogn |
REPLACED




P=2T/r"
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° : surface of the solder. Thela
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contact with the sol der Accordl ngly, the ik er nal pressure of a refl owed
sol der structure is inversely proportional to the w dth of ~the—second
portion of the under bunp nmetallurgy in contact with the solder. Stated in

ot her words,

a saldvimtagpof tHiopressad differemtiah to' grodiide\nedry efficikat amtheliabielsglder

metal | urgy portion

structures.

With reference to FIG. 11, a solder structure 30 in accordance with the
present invention as illustrated. The solder structure 30 includes a square solder
redistribution reservoir 32, and a channel 34 that connects the solder redistribution
reservoir 32 to an enlarged with portion, such as bump 34. Accordingly, as a
solder forming the sclder structure is heated to its liquidus state to cause the solder
to flow, commonly referred to as solder reflow, the solder flows from the solder
redistribution reservoir 32 to the bump 36 via the channel 34 due to the internal
pressure differential. The additional solder from the solder redistribution reservoir
32 increases the volume of solder forming the solder bump, thereby forming a
relatively taller solder bump. Thus, the space between adjacent bumps in an area
array can be utilized to store the eolder that flows into the bumps during reflow.

As an example, assume an area array flip chip with 0.125 mm diameter
pads on a 0.25 mm pitch, a minimum spacing for features in the plating template of
0.025 mm, and plating solder that is 0.05mm thick. A solder bump under these
circumstances would have a solder volume of 6.4 E-4 mm’, and a height of 0.07
mm. However, by providing a solder redistribution reservoir 32 around the solder
bump pad, as shown in FIG. 11, that is 0.063 mm wide and 0.25 mm square, the
bump volume increases to 1.23 E-3 mm’. Accordingly, solder bump height is
significantly increased while not affecting the solder bump pitch in the array.

It is noted that the solder structure 30, and those structures discussed below,
is preferably fabricated with the single mask process described above, though it
will be recognized by those of ordinary skill in the art that other suitable solid,
liquid, vapor, and electromechanical deposition methods may be utilized, as well
known in the art. Further, it is noted that while the solder bﬁmps described herein
are circular in shape, one having ordinary skill in the art will recognize that the
solder bumps may take any geometry, such as square, rectangular or polygonal.

It is further noted that while a solder redistribution reservoir 32 is square,

other geometries for the solder redistribution reservoir are within the scope of the
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sol der layer 22 with a uniformlevel illustfated in

present invention. The different geometries and dimensions of the solder
redistribution reservoir may be controlled by various design parameters, such as
the amount of solder to be added, the speed of flow, the minimum feature spacing,
etc. For instance, as illustrated in FIG. 12, a solder structure 38 includes a U-
shaped solder redistribution reservoir 40 of the same width as the solder
redistribution reservoir 32 may be utilized in order to provide additional solder to
the bump. As another example, a solder structure 50 comprises a bump portion 52
in a plurality of regularly extending solder redistribution reservoirs 54, as
illustrated in FIG. 13. Thus, by engineering the particular dimensions in shape of
the solder redistribution reservoir, the volume, height, and area of the solder bump
can be precisely controlled.

It is believed that the solder lines forming the solder redistribution
reservoirs may reach a critical length where the efficiency of the solder flow begins
to decreases. To improve flow at or near this critical length, and/or to better
control the flow rate of the solder, a gradient line width may be utilized, as
illustrated in FIGs. 14-16. As shown in FIG. 17, the line width and internal
pressure are essentially inversely proportional. Thus, by designing the solder
redistribution reservoir to have an increasing line width from a distal end to a
proximate end adjacent the bump, the flow rate of the solder will be increased. An
increase in the flow rate may be desirable with solder having a wide range of
plastic flow so that the solder can be moved before it is completely molten. As
illustrated in FIGs. 14 and 15, solder structures 60 and 62, include solder
redistribution reservoir 64 and 66, respectively, which have continuous line width
gradients. It is noted, however, that continuous line width gradients are not
necessary for the present invention. The line width gradient may be in only a
portion of the solder lines forming the solder redistribution reservoir.

Altemnatively, the Soider redistribution reservoir may have a line width that
decreases from a distal end to a proximate end adjacent the solder bump in order to
decrease the flow rate, as illustrated by the solder structure 70 having solder

redistribution reservoirs 72. Slowing the flow rate of the solder in the solder
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the sol der portions 22A-B and under bunp netal | urgy portions 16A- B adj acent

to renove the ungedistiburionredesddin gy bedesitablh in ghjous circumstances, such as with

eutectic solders where rapid flow produces instabilities and unpredictability.
Specifically, the instability and unpredictability with eutectic solders is caused by a
variety of factors, such as not all the solder melting simultaneously, grains of
higher melting point alloys, etc.

As discussed above, a small amount of solder remains in the solder
redistribution reservoir after reflow. Even though the solder redistribution
reservoirs described herein can be shaped and sized to take very little space on a
substrate, it may still be desirable to remove the solder redistribution reservoirs
after the reflow step. In accordance with the present invention, by inhibiting the
complete conversion of the copper (or other wettable metal)layer of the under
bump metallurgy to an intermetallic, the remaining copper may be removed in the
under bump metallurgy etch step.. The removal of the copper allows the residual
solder of the solder redistribution reservoir to break off and float away in the under
bump metallurgy etchant. A small area of the solder redistribution reservoir may
have a narrow width or notch 74 (FIG. 16) which creates a weak point at which the
solder reservoir will break off, thereby controlling the breaking point.

By way of example, one method of causing incomplete conversion of the
copper in the metallurgy layer is to use a high-lead solder. Another technique
involves the use of rapid solder flow, as achievable via the techniques described
above, so that there is insufficient tin left in the residual solder in the solder
redistribution reservoir to complete the conversion of the copper. However, it is
noted that other techniques may be utilized to prevent the complete conversion of
the copper, thereby creating a sacrificial copper layer that release the solder
redistribution reservoir of the substrate.

Advantageously, solder bumps fabricated utilizing the solder redistribution
reservoirs in accordance with the present invention are taller than solder bumps
without a solder redistribution reservoir given the same pad diameter and plating
thickness. This is particularly advantageous in flip chip designs where it is often

difficult to adequately clean the flux and other residue from between the chip and
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sol der. Accordingly, the step of causing the solder to flow w || cause the
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internmetallic does not readily react with etchants
residue may cause poor adhesion of the underfill epoxies, electrical leakage, or

corrosion of metals. If the gap is not sufficiently large between the chip and
substrate, then the boundary layer of the cleaning solution would prevent or restrict
the flow of the cleaning solution between the chip and substrate.

However, the taller solder bump resulting from the use of the solder
redistribution reservoirs will improve the effectiveness of the cleaning solution by
increasing the gap between the chip substrate.

The underfill process will likewise benefit from the increased gap size. The
underfill epoxy is typically of low viscosity and may not flow between the chip and
substrate if the gap is too small. The taller solder bumps provide improved
clearance, thereby resulting in beﬁter underfill. The structure shown in FIG. 11,
when scaled to a pitch of 0.250 mm and plated to a height of 0.050 mm, could be
expected to increase the gap from 0.07 mm to 0.100 mm.

Furthermore, the taller the solder bump, the more mechanically reliable the
solder bump. This is primarily due to the reduction and strain per unit length
discussed above. Of special benefit is the reduction of the strain per unit length to
below the elastic limit for the solder. This will eliminate the plastic damage which
1s the cause of solder fatigue fa.ilure.

An advantageous application of the present invention is illustrated in FIGs.
18 and 19, whereby the reliability of electrical connections in a flip chip device are
improved. In particular, with reference to FIG. 18, a chip 80 may comprise
mechanical bumps 82 which have one or more solder reflow reservoirs 84 in
accordance with the present invention associated therewith, and one or more
contact solder bump 86 for forming electrical contacts between the chip 80 and a
substrate 88 (FIG. 19). Given substantially uniform plating thickness across chip
80, the mechanical bumps 82 will have a greater volume that the contact bumps 86,
and therefore, will be taller. It has been determined that the contact bumps 86
should have a contact pad 90 as equal to or larger than the contact pads 92

associated with the mechanical bumps 82. By using contact pads of the same size
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16 preferentially w to t he sol def2portions 22A-B. LAccardingly
no addi ti onal masking step |s required to pattern the undar bunp met al | urgy !
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sel ectively expose the
that the contact bumps 86 until the contact bumps 86 have soldered to the substrate

88. Alternatively, the flow rate of the soldered to the mechanical bumps 86 from
the solder redistribution reservoir may be slowed using a solder redistribution
reservoir of a suitable dimension and shape, as described above. As shown in FIG.
19, the taller mechanical bumps 82 create a larger gap or opening between the chip
80 and substrate 88, which stretches the contact bumps 86. As discussed above,
the elongated contact bumps 86 are more reliable because the strain per unit length
is reduced. It is noted that the bump designs and configurations of FIGs. 18 and 19
are merely exemplary of 2 bump and associated solder redistribution reservoir
which can be utilized to stretch or elongate a contact bump to improve the
reliability of the contact bump.

In yet another advantagec-ms application of the present invention, an
improved vacuum may be formed in a sealed chamber, as illustrated in FIGs. 20A-
20C, and 21. In particular, a lid or cap 102 is patterned with a soldered seal ring
104 for bonding with a substrate 106 for creating a sealed chamber 108. In the
embodiment illustrated, a second seal ring 110 is provided for redundancy and
improved reliability, though it is not necessary for the present invention, as best
illustrated in FIG. 21. Nonetheless, the second seal ring 110 reduces the pressure
differential across the first seal ring 104. Associated with each seal ring 104, 110
is at least one solder redistribution reservoir 112 in accordance with the present
invention. While the solder redistribution reservoirs 112 are rectangular in the
illustrative embodiment, it is recognized that the solder redistribution reservoirs
can be shaped and sized as described herein to achieve a desired result.

A microelectromechanical system (MEMS) device 112, or other device
favoring a vacuum environment, is disposed inside the chamber 108. While the
MEMS device 112 is shown fabricated on the substrate 106, it will be recognized
by those of ordinary skill in the art that the MEMS device can be fabricated on
either or both the lid 102 and the substrate 106.

On the substrate, bonding regions 114 are provided in the form of a
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second portion of the under bunp netal lurgy |ayer 16 duri
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met'al lurgy | ayer n sol der after the plati tep (FIGs.
10). Alternately, ﬂnﬂmm%m lltlons of the under bunp {nej ag 1Buldn i88ger

not covered by sol 22A and 22B can be sel ec iyely renoved
to - 16 - - 23 - "

metalization or other conventional solder wettable material for bonding to the
respective solders seal rings 104, 110. The fabrication of the bonding regions is
well known and need not be described further herein. Altemnatively, solder dams
may be utilized, as with cap 102. It is noted that the solder seal rings 104, 110 may
be square as shown, or alternatively, circular, rectangular, polygonal, or any other
shape.

With particular reference to FIGs. 20A-20C, the cap 102 is initially plated
with solder seal rings 104, 110. The cap 102 is then placed on the substrate 106 so
that the solder ring aligns with the solder wettable pads on the substrate 106. This
procedure is preferably performed in a vacuum environment so that the resulting
chamber 108 is at the pressure of the vacuum environment. Upon reflow, the
solder seal rings 104, 110 increase in size with the additional solder from the solder
redistribution reservoirs, thereby expanding the volume of the chamber 108. The
increase in volume decreases the pressure in the chamber 108. Thus, the pressure
in the chamber 108 will be less than that of the vacuum environment in which it
was sealed.

As an example, using the increase in gap height given above, the gap
volume will increase from 0.070mm*A, where A is the area enclosed by the seal
ring, to 0.lmm*A. The volume increase is then 10/7 or 1.43 times greater. Since
pressure is inversely proportional to volume, the pressure will be 30% lower than
without the increased gap. _

In the drawings and specification, there have been disclosed typical
preferred embodiments of the invention, and although specific terms are employed,
they are used in a generic and descriptive sense only, and not for the purposes of

limitation; the scope of the invention being set forth in the following claims.
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CLAIMS

Wherefore, the following is claimed:
1. A solder bump structure on a microelectronic substrate, comprising a
solder structure including a solder reservoir portion and a solder bump portion, and

wherein said solder reservoir portion is non-linear in shape.

2. The solder bump structure of Claim 1, wherein said solder reservoir

portion at least partially wraps around said solder bump portion.

3. The solder bump structure of Claim 1, wherein said solder structure
comprises a plurality of solder reservoir portions extending from said solder bump

portion.

4. The solder bump structure of Claim 3, wherein said solder reservoir

portions radially extend a substantially equal length from said solder burap portion.

5. The solder bump structure of Claim 1, wherein said solder reservoir
portion is shaped to create a pressure gradient along a length of said solder reservoir

portion during a solder reflow process.

6. The solder bump structure of Claim 5, wherein said pressure gradient
creates a positive flow rate of solder to said solder bump portion during said reflow

process.

7. The solder bump structure of Claim 1, wherein said pressure gradient
creates a negative in flow rate of solder to said solder bump portion during said reflow

step.
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as disclosed in U S. Patent No. 5,767,010 to Ms et al. entitled "Sol der
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8. The solder bump structure of Claim 1, wherein said solder reservoir
portion includes a notch to facilitate removal of said solder reservoir portion from said

microelectronic substrate,

9. A solder bump structure on a microelectronic substrate, comprising a
solder structure including a solder reservoir portion and a solder bump portion, and
wherein said solder reservoir portion has a width which in non-uniform in at least a

portion of said reservoir portion.

10. A microelectromechanical system (MEMS) module, comprising:

a substrate and a lid in spaced apart relationship;

a solder ring which bonds said lid to said substrate to define a sealed chamber
therebetween, wherein said solder ring includes at least one solder reservoir associated
therewith; and

a MEMS device formed in said chamber.

11.  The MEMS module of Claim 10, further including a second solder ring
substantially concentrically aligned with said solder ring, and wherein said second

solder ring includes at least one solder reservoir associated therewith.

12. The MEMS module of Claim10, further comprising elongated electrical
contacts in said chamber, wherein said elongated electrical contacts electrically

connect said lid to said substrate.

13. The MEMS module of Claim 10, wherein said chamber includes a

controlled environment maintained at a vacuum.
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14. A flip-chip structure, comprising:

a substrate and a chip in spaced apart relationship;

an elongated contact bump which electrically connects said lid to said
substrate; and

a plurality of mechanical bumps bonding said chip to said substrate, at least

one of said mechanical bumps including a solder reservoir associated therewith.

15.  The flip-chip structure of Claim 14, wherein said mechanical bumps
have a first volume after reflow and said elongated contact bumps have a second

volume after reflow, wherein said first volume is greater than said second volume.

16. A method of forming a solder bump structure on a microelectronic
substrate, comprising the steps of:

forming an under bump metallurgy layer on the microelectronic substrate; and

forming a solder structure on said under bump metallurgy layer opposite the
microelectronic substrate, the solder structure including a non-linear solder reservoir

portion and a solder bump portion.

17.  The method of Claim16, wherein said step of forming the solder
structure includes the step of forming a solder structure including a plurality of solder

reservoirs.

18.  The method of Claim 16, wherein said step of forming the solder
structure includes the step of forming a solder structure including a solder reservoir

which at least partially wraps around the solder bump portion.

19.  The method of Claim 16, wherein said step of forming the solder

structure includes the step of forming a solder structure including a solder reservoir
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shaped to create a pressure gradient along a length of the solder reservoir.

20. A method of forming a solder bump structure on a microelectronic
substrate, comprising the steps of:

forming an under bump metallurgy layer on the microelectronic substrate; and

forming a solder structure on the under bump metallurgy layer opposite the
microelectronic substrate, the solder structure including a solder bump portion and a

plurality of solder reservoir portions extending therefrom.

21. A method of forming a flip-chip module, comprising the steps of:

forming a contact solder bump structure on a microelectronic substrate;

forming a plurality of mechanical solder bump structures on the
microelectronic substrate, wherein said mechanical solder bump structures have
respective solder reservoirs associated therewith;

mating the microelectronic substrate to a second substrate; and

reflowing the solder of the contact solder bumps and the mechanical solder
bumps to bond the microelectronic substrate to the second substrate, wherein the
contact solder bump becomes elongated due to the relatively taller mechanical solder

bumps.

22.  The method of claim 21, wherein said step of :forming a contact solder
bump structure includes the step of forming a contact of a first volume and said step of
forming a plurality of mechanical solder bumps includes the step of forming

mechanical solder bumps, wherein the first volume is less than the second volume.

23. A method of forming a flip-chip module, comprising the steps of:
forming a solder ring on a microelectronic substrate, wherein said solder ring

includes at least one solder reservoir associated therewith;
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relatively |ow (approximately 3.848 X 10[28rif Pa or . 558 psr) at tne
original solder height. Accordingly, solder flows fromthe el ongate sol der
portion 22B to the '
mating the microelectronic substrate to a second substrate in a vacuum

environment to define a chamber therebetween; and
reflowing the solder of the solder ring to seal the microelectronic substrate to
the second substrate so as to increase the volume of the chamber, whereby the

chamber is at a relatively lower pressure than said vacuum environment.

24.  The method of Claim 23, further including the step of forming a second
solder ring substantially concentrically aligned with said solder ring, wherein said

second solder ring includes at least one solder reservoir associated therewith.
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CONTROLLED-SHAPED SOLDER RESERVOIRS FOR INCREASING THE

VOLUME OF SOLDER BUMPS, AND STRUCTURES

ABSTRACT OF THE DISCT.OSURE

FORMED THEREBY

A controlled-shaped solder reservoir provides additional solder to a2 bump in

the flow step for increasing the volume of solder forming the

solder bump. The

controlled shaped reservoirs can be shaped and sized to provide predetermined

amounts of solder to the solder bump. Thus, the height of the resulting solder bump

can be predetermined. The solder reservoirs can be shaped to take a minimum amount

of space, such as by at least partially wrapping around the solder bump.

Consequently, the solder bumps may have increased height without adding to the

space requirements of the solder bump, or without increasing

the fabrication cost. In

addition, due to the finite time required for solder flow, a means of sequencing events

during soldering is provided.

Figure 5
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curvature of approximately 281 microneters. Accordingly, a-two.-level. sol.der

structure can be provided with a single masking step. When! qqml eqi,;tjm KHEET
structure solidifies while nmaintaining its form In addltlon

sol der portion 22B with a sol der height of 10 mcroneters (s §

removing the first portion of the under Qunp metallurgy |aye
by solder. The enl arged w dgh Bortion of the so}der structure may have a
wi dth (or dianeter if\the egl ged wi dt h_portidn is circul
two tines a w dth of t\(;ue el gngate portiof of The solder structure in order
to ensure that the sdl dgr |bingpl f or med blgrt\ri]Ea thod descri bgd ved s
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sufficiently réised relative to the elongate solder portio BEPQMEVFyJ
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adequate connection to a printed circuit board. In the draw ngs and
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|'imtation, the scope of the invention being set forth int
clainms. Il. Controll ed-Shaped Sol der Reservoirs As descri beg i
el ongat e sol der portion 22B functions as a sol der redi stri bgtiforrreservort
for the enlarged with solder portion 22A. The surface- tensijon 'Z‘S’“HEE 1999
pressure differential causes the nolten solder in a relativel v
pressure el ongate solder portion 22B to flowto the relativegly™T ower
pressure enlarged width portion 22A. Bhe increasing sol der yolune at the
enlarged width portion 22A forns a raised sol der bunp 2&solder BUNP SO
formed generally has a relatively |arger helgpt t ha¥# sol der bunps forned
W t hout sol der redistribution
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reservoirs when utilizing the same pad dianmeter and sol def gppRRCEMENT SHEET

t hi ckness. Thus, by taking advantage of the surface-tensipn
pressure differential between a solder redistribution reser
el ongate wi dth portion, such as a solder bunp, relativelylt
be advant ageously achieved. The follow ng description is ¢f
enbodi nents of sol der structures which take advantage of tithis pressure
differential to produce nore efficient gnd reliable sol den_siruettres YV
reference to FIG 11, a solder structure 30 in accordance with the present
invention as illustrated. The solder structure 30 includes a sqqué sol der

bo ™

FIG. 14 FIG. 15

17
74
A
%o 42
FIG. 16
.
INTERNAL
PRESSURE
LINE WIDTH -

FIG. 17




redi stribution reservoir 32 to an enlarged w th portion u8kP

| 't&c&ﬂﬁl SHEET

redistribution reservoir 32, and a channel 34 that connectfr

The “square sol der redistribution reservoir 32 includes at {e
segrentach havi ng opposed sides, where at |east one side of
segnent is oriented at an obtuse angle with respect to at e
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TWO |1 nea

iqr $EO 1998arn

one si de (f

a second linear segnent adjacent the first linear segnent.; ACTordingly, as
a solder formng the solder structure is heated to its liquidus state to

cause the solder to flow, comonly refgrred to as sol der r&fTow, the sol der
flows fromthe solder redistribution reservoir 32 to the bunp 36 via the
channel 34 due to the internal pressure differential. The additi onal
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sol der fromthe solder redistribution reservoir 32 increasef

sol der REPLACEMENT SHEET - 19 - form ng the sol der bunp, tﬁ]er _Engmm%T
arelatively taller solder bunp. Thus, the space between adjagent b s_in
an area array can be utilized to store the solder that flow it N0 tl ﬁrﬁps
during refl ow

s

A \02—

= e

FIG. 2OA — \\"Z_, . ,._{'“"*
4"!./[06
.n/lhl

FIG. 20 =S

B s S

7
A
(2

3} 1oL

FIG. 20C rQQ f__ﬂjQQ

}\_ \OG’

k‘lDS

Lt

! _ | Ao

!I I‘ l! A1 D
Wi




As #n exanpl e, assune an area array flip chip with 0.125 n

on &70.25 nm pitch, a mnimum spacing for features in the

of 0.025 mm and plating solder that is 0.05mm thick. A sqdlo b 1d
mi8, ! anldGd 4l gt

t hese circunstances woul d have a sol der volune of 6.4 E-4
of 0.07 mm However, by providing a solder_3redistribution

around the sol der bunp pad, as shown in FIG 11, that is (

0.25 mm square, the bunp volunme increases to 1.23 E-3 nnj

i g bl e )

er bunp under

&

rdservoir 32 |

.063 mMm wi de and

by 1]
+

Accordingly

sol der bunp hei gith hroviditpidditioasttsodet. DR asetibaslaf Hecredtingahd efiin pg viite

sol der bunmp pitch in the array. It is noted that the sol der

structure 30,

and those st r uctlemgth infthe selderdncldas sesting pillars, posts, or beams of high melting point
solder and attaching these to the semiconductor using lower temperature solders.

Notwithstanding the above mentioned references, there continues to exist a

need in the art for solder bump structures that are relatively tall, do not require

additional surface area, and can be fabricated efficiently and at a reduced cost.

SUMMARY OF THE I

It is therefore an object of the present invention to provide an improved

solder bump structure.

- It is another object of the present invention to provide solder bump

structure with a solder redistribution reservoir for increasing the volume, and thus

the height, of the solder bump.

It is another object of the present invention to provide an improved vacuum

in a sealed chamber including a microelectronic device.

These and other objects are provided, according to the present invention, by

a controlled-shaped solder reservoir which provides additional solder to a bump in

the reflow step for increasing the volume of solder forming the solder bump. The

controlled shaped reservoirs can be shaped and sized to provide predetermined

amounts of solder to the solder bump. Thus, the height of the resulting solder

o bump can be predetermined, not to mention that the height is greater than that of

R similar solder bumps without solder redistribution reservoirs because of the

additional solder volume added by the reservoirs. To accommodate the stringent

space requirement in many microelectronic chip designs, the solder reservoir can

be shaped to take a minimum amount of space. Consequently, the solder bumps

may have increased height without adding to the space requirements of the solder

bump, or without increasing the cost.

Other advantages of the solder structures formed in accordance with the

present invention include an increase opening or gap in a flip-chip structure

because of the taller solder bumps. This allows for more efficient cleaning of flux

and other residues, and more efficient underfilling. The taller solder bumps can

802663~
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Is preferably fabricated with the single mask process des%:ﬁfll'ééwg%%\?g.E“T

thoﬁgh it wll be recognized by those of ordinary skill
ot her suitable solid, liquid, vapor, and el ectronechani
met hods may be utilized, as well known in the art. Furt
that while the sol der bunps described hereith are circul

ih the art at
cal ddpdiit izb&]

net._jt is note
Ar i n shape, one

having ordinary skill in the art wll recdé_rﬁze that th

p_sol der _hunps nay

take any geonetry, such as square, rectangular or polygonal. It is further

noted that whil ealso beohtilized irechnfinctibirvith Bletgisslrcsntatt thiznpstha doaoehavesbider
geonetries for the solder redistribution reservoir are within the scope of

the present i nvelgseryeirs spribatdhe ¢onfashbumpssire elengateddthe relativshyolaegen bumpse

sol der formed with the assistance of the additional solder from the reservoirs.

Consequently, the contact bumps are more reliable because the strain is distributed

over a greater length (i.e., height) because of the relatively larger volume bumps.

Yet another advantage is that the relatively taller solder bumps can be utilized to

increase the volume, and thus reduce the pressure, of a sealed chamber in a MEMS

vacuum package. This enables a lower pressure vacuum environment to the

generated without the equipment typically needed to generate such low pressures

e bump structure, including the solder redistribution reservoir,

metallurgy layer.

vacuums. Further, a single masking step can be used to define both the solder

and the under bump

In accordance with one embodiment of the present invention, a solder

structure on a microelectronic substrate comprises a solder reservoir portion and a

solder bump portion, and wherein the solder reservoir portion is non-linear in

shape. The solder reservoir portion may wrap around the solder bump portion in

order to take up less space. In addition, the solder structure may comprise a

plurality of solder reservoir portions extending from the solder bump portion.

Preferably, the radially extending solder reservoirs are of substantially equal

length, though the reservoirs can be of varying lengths.

Lo In accordance with another aspect of the invention, the solder reservoir

o portion includes a first linear portion and a second linear portion, each having at

least one straight side, and wherein a straight side of said first linear portion forms

an obtuse angle with respect to a straight side of said second linear portion.

Further, the solder reservoir portion may be shaped to create a pressure gradient

along the length of the solder reservoir portion during a sold

er reflow process.

Accordingly, the rate of solder flow can be controlled, which may be highly

desirable in particular circumstances. The pressure gradient

may increase the flow

rate of solder to the solder bump portion, or the pressure gradient may decrease the

flow rate of solder to the solder bump portion.

In order to reduce the area taken by the solder bump

structure, the solder



redistri:bution reservoir may be controlled by various d&&
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such as the anount of solder to be added, the speed of| f

feature spacing, etc. For instance, as illustrated in FIG ;k2um %de
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structure 38 includes a U shaped sol der redistribution
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same width as the sol der redistribution reservoir 32 nay-be—utitzee—#n

order to provide additional solder to the bunp. As angther exanple, a

sol der structure 50 conprises a bunp portion 52 in a pfuratrty of—regtt
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Thus,

—~

by engi neering t _ i
redi stribution rexddarwdihe soldaeresesyeinportipesupsequentrid therso

articular dinensions in shagje of the sol der

removal of the residual solder may be further facilitated by the use of high-lead
solders which may facilitate the incomplete conversion of copper in the under
bump metallurgy. Thus, the remaining copper may be dissolved in the subsequent
etch step, thereby allowing the residual solder of the reservoir to break off at the
weak point created by the notch, and float away in the etchant.

In accordance with another aspect of the present invention, a solder
structure on a microelectronic substrate comprises a solder reservoir portion and a
solder bump portion, and wherein the solder reservoir portion has a width which is
non-uniform in at least a portion of the reservoir portion. Accordingly, a pressure
gradient can be achieved within the solder reservoir to either increase or decrease
the flow rate of the solder to the bump structure during the solder flow process. As
mentioned above, controlling the flow rate of the solder in the solder flow process
may be desirable in certain applications.

In accordance with yet another aspect of the present invention, a
microelectromechanical system (MEMS) module comprises a substrate and a lid in
spaced apart relationship, a solder ring which bonds the lid to the substrate to
define a sealed chamber therebetween, wherein the solder ring includes at least one
solder reservoir associated therewith. In addition, the device includes a MEMS
device formed in the chamber.

A second solder ring that is concentrically aligned with the first solder ring
may be included, wherein the second solder ring also includes at least one solder
reservoir associated therewith, The MEMS module may further comprise
elongated electrical contacts within the chamber, wherein the elongated electrical
contacts electrically connect the lid to the substrate. Preferably, the chamber is a
controlled environment maintained at a vacuum.

In accordance with another aspect of the present invention, a flip-chip
structure comprises a substrate and a chip in spaced apart relationship, an
elongated contact bump which electrically connects the lid to the substrate, and a

plurality of mechanical bumps bonding the chip to the substrate, wherein the

epteflomeproegssieThey unp



can be precisely controlled. -20- 0 It is believed
for'ming the solder redistribution reservoirs may reach

where the efficiency of the solder flow begins to decrg¢age

flow at or near this critical length, and/or to better
rate of the solder, a gradient line width day be utiliz
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mechanical bumps include solder reservoirs associated therewith, The solder
reservoirs associated with the mechanical bumps may be non-linear, and may have
a non-uniform width portion, as discussed above.

According to one embodiment of the present invention, there is disclosed a

solder bump structure on a microelectronic substrate, comprising a solder structure

including a solder reservoir portion and a solder bump portion, and wherein the

solder reservoir portion comprises a first linear segment, wherein the first linear

segment has opposed sides, and a second linear segment, wherein the second linear

segment has opposed sides, wherein at least one side of the first linear segment is

adjacent to at least one side of the second linear segment, and wherein the at least

one side of the first linear segment is oriented at an obtuse angle with respect to the

at least one side of the second linear segment.

According to one aspect of the invention, the solder reservoir portion at

least partially wraps around said solder bump portion. According to another aspect

of the invention, the pressure gradient creates a po__s_igyg_\gng ;agg__of_ sglgi_gr____t_:g sald

solder bump portion during said reflow process. Furthermore, the pressure

gradient can creates a negative in flow rate of solder to said solder bump portion

during said reflow step. Moreover, the solder reservoir portion can include a notch

to facilitate removal of said solder reservoir portion from said microelectronic

substrate.

According to yet another embodiment of the invention, there is disclosed a

solder bump structure on a microelectronic substrate, comprising a solder structure

including a solder reservoir portion and a solder bump portion, and wherein said

solder reservoir is tapered in shape.

According to one aspect of the invention, the solder reservoir portion at

least partially wraps around said solder bump portion. According to another aspect

of the invention, the pressure gradient creates a positive flow rate of solder to said

solder bump portion during said reflow process. Furthermore, the pressure

gradient can create a negative in flow rate of solder to said solder bump portion

during said reflow step. Moreover, the solder reservoir portion can include a notch

to facilitate removal of said solder reservoir portion from said microelectronic




illustrated in FIGs. 14-16. As shown in FIG 17, the |ine—wet+h—ahred————

i nt'ernal pressure are essentially inversely proportional

designing the solder redistribution reservoir to be tapqgregt—in—shape;
having an increasing line wwdth froma distal end to a graxi gt eaeneha;
nar eggeff."“‘ngma

adj acent the bunp, the flow rate of the sol7der will be i
increase in the flowrate may be desirable with sol der K
of plastic flow so that the solder can be noved before i
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t is conpletely

molten. As illughpetagd in FIGs. 14 and 15, solder struct

I ncl ude sol der redrstribution reservoir 64 and 66, respectively,

Ures 60—anmd—62;

whi ch have

continuous |ine wi dt A methdidémaccordance withthegtseitaneention farfermingpaselderous | i ne

wi dt h gradi ents, are not

bump structure on a microelectronic substrate comprises the steps of forming an

under bump metallurgy layer on the microelectronic substrate, and forming a

solder structure on the under bump metallurgy layer opposite the microelectronic

substrate, wherein the solder structure includes a non-linear solder reservoir

portion and a solder bump portion. The step of forming the solder structure may

include the step of forming a solder structure including a plurality of solder

reservoirs. In addition, the step of forming the solder structure may include the

step of forming a solder bump portion and a reservoir which at least partially wraps

s around the solder bump portion. Yet further, the step of forming the solder

structure may include the step of forming a solder structure including a solder

reservoir shaped to create a pressure gradient along a length of the solder reservoir.

In accordance with another aspect of the present invention, a method of

forming a solder bump structure on a microelectronic substrate comprises the steps

of forming an under bump metallurgy layer on the microelectronic substrate, and

forming a solder structure on the under bump metallurgy layer opposite the

microelectronic substrate, wherein the solder structure included a solder bump

portion and a plurality of solder reservoir portions extending therefrom.

In accordance with yet another aspect of the present invention, a method for

forming a flip-chip module comprises the steps of forming a contact solder bump

~ structure on a microelectronic substrate, forming a plurality of mechanical solder

bump structures on the microelectronic substrate, wherein said mechanical solder

bump structures have respective solder reservoirs associated therewith. Since the

flow of molten solder from the reservoir to the bump takes time, the present

invention provides a means for sequencing aspects of the soldering operation.

Further , the method includes the steps of mating the microelectronic substrate to a

second substrate, and reflowing the solder of the contact solder bumps and the

mechanical solder bumps to bond the microelectronic substrate to the second

substrate, wherein the contact solder bump becomes elongated due to the relatively

larger mechanical solder bumps that will form after a brief delay.



necessary for the present invention. The line width gradi ¢ NREMBCENENT SHET Y
a portion of the solder lines form ng the sol der redistriputd-ehr—reserveir
Al ternatively, the solder redistribution reservoir may haye ja { kngni i
that decreases froma distal end to a proxinate end adj acﬁ nt ti@ gﬁfdzet
bump in order to decrease the flow rate, -a8 il lustrated by tlhe—setder———m- |
structure 70 having sol der redistribution reservoirs 72. $lowing the flow ;
rate of the solder in the solder redistribution reservoirs—may e desrTabl e
in various circunst anggsordedwith abthét 23pEce6t the pedbod iventibis aendtgd of f | ow
produces instabilities and unpredictability. Specifically, the instability
and unpr edi ct abifoiming aiftiprchipmeiuieconprriges the ptepscef fomting ¢ selder ring on 2

microelectronic substrate, wherein said solder ring includes at least one solder
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reservoir associated therewith, mating the microelectronic substrate to a second
substrate in a vacuum environment to define a chamber therebetween, and
reflowing the solder of the solder ring to seal the microelectronic substrate to the
second substrate and to increase the volume of the chamber. Thus, because of the
increased volume of the sealed chamber, the chamber is at a relatively lower
pressure than the vacuum environment. The method may further include the step
of forming a second solder ring substantially concentrically aligned with the solder

S ring, wherein the second solder ring includes at least one solder reservoir
associated therewith.

Other features and advantages of the present invention will become
apparent to one that is skilled in the art upon examination of the following
drawings and detailed description. It is intended that all such additional features
and advantages be included herein within the scope of the present invention, as

defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1-5 are cross sectional side views of a microelectronic substrate at
various stages during the manufacture of a redistribution routing conductor
=4 according to the present invention.
FIGs. 6-10 are top views of a microelectronic substrate at various stages
during the manufacture of a redistribution routing conductor corresponding

respectively to FIGs. 1-3.

FIGs. 11-16 are top plan views of various embodiments of controlled
shaped solder reservoirs in accordance with the present invention.

FIG. 17 is a graph illustrating the relationship of the reservoir width and the
internal pressure of the solder.

FIG. 18 is a cross sectional view of a flip-chip structure incorporating the

solder reservoirs of the present invention.
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varjety.of factors, such as not all the solder nelting si Sy !
grains of higher nelting point alloys, etc. As discussed a WLAQEMEQNSHEET '.
amount of solder remains in the solder redistribution resefvgt—aftet .
reflow. Even though the solder redistribution reservoirs dg¢sqri bgd@@'@rzgﬁ‘m |
can be shaped and sized to take very litt]€é space on a subgtrat Y may
still be desirable to remove the sol der redistribution resgrveit+s—after—The -
reflow step. In accordance with the present invention, by i‘nhi biting the

conpl ete conversi on dfIG. hgisx0Pp plan(0fh selishate itidiapmeclimical ondseetarips L Ne

under bunp netallurgy to an internetallic, the renaining copper may be
renoved in the thatinclude solder reservoirs in accordance with the present invention and

electrical contact bumps.

FIGs. 20A-20C are cross sectional views of a microelectronic substrate at
various stages during the manufacture of a control pressure chamber in accordance
with the present invention.

FIG. 21 is a bottom plan of the top substrate in FIGs. 20A-20C.

DETAILED CRIP P DE
The present invention will now be described more fully hereinafter with

~ reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the
art. In the drawings, the thickness of layers and regions are exaggerated for clarity.

Like numbers refer to like elements throughout.

I. Redistribution Routing Conductors

A microelectronic structure 11 includes a redistribution routing conductor
and a raised solder bump, as shown from the side in FIG. 5 and as shown from the
top in corresponding FIG. 10. The microelectronic structure includes a contact pad
14 and passivation layer 12 on a substrate 15. The redistribution routing conductor
17 and solder bump 21 each include respective portions of under bump metallurgy
layer 16A-B and solder layer 22A-B.

The redistribution routing conductor 17 includes a relatively elongate
solder portion 22B (also referred to herein as a solder reservoir) on a respective
elongate under bump metallurgy portion 16B. The solder bump 21 includes an
enlarged width solder portion 22A on a respective enlarged width under bump
metallurgy portion 16A. Preferably the elongate solder portion 22B is relatively
thin while the enlarged width solder portion 22A is raised, as shown in FIG. 5.
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-21- under bunp netallurgy etch step. The renoval of t D he
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of the solder redistribution reservoir

float away in the under bunp netallurgy etchant. A srrall area of the_sq
redistribution reservoir may have a narrow width or notichl 7#5( HG& 2008)
whi ch creates a weak point at which the sol@®er reservoifr will _break o

thereby controlling the breaking point.
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Accordingly, the solder bump 21 can be located at a point on the substrate
relatively distant from the contact pad 14 with the redistribution routing conductor
17 providing an electrical connection therebetween. This arrangement provides the
advantage that a substrate having a layout with a contact pad 14 at one
predetermined location can have an associated solder bump at a second location.
This can be particularly useful, for example, when a substrate has a layout with
contact pads arranged for wire bonding, and it is desired to use the substrate in a
flip-chip application. This solder bump and redistribution routing conductor can
be fabricated simultaneously, as described below with regard to FIGs. 1-10.

While the redistribution routing conductor 17 can be straight as shown, it
may also include bends and curves. Furthermore, the solder bump 21 may be
circular as shown or it can have other shapes such as rectangular.

The solder bump 21 and the redistribution routing conductor 17 are
preferably formed simultaneously. FIGs. 1-5 are cross-sectional side views of
microelectronic structures at various stages of fabrication, while FIGs. 6-10 are
corresponding top views of the same microelectronic structures. The
microelectronic structure 11 initially includes a passivation layer 12 and an
exposed contact pad 14 on a substrate 15, as shown in FIGs. 1 and 6.

The substrate 15 can include a layer of a semiconducting material such as
silicon, gallium arsenide, silicon carbide, diamond, or other substrate materials
known to those having skill in the art. This layer of semiconducting material can
in turn include one or more electronic devices such as transistors, resistors,
capacitors, and/or inductors. The contact pad 14 may comprise aluminum, copper,
titanium, an intermetallic including combinations of the aforementioned metals
such as AlCu and AlTis, or other materials known to those having skill in the art.
This contact is preferably connected to an electronic device in the substrate.

The passivation layer 12 can include polyimide, silicon dioxide, silicon
nitride, or other passivation materials known to those having skill in the art. As
shown, the passivation layer 12 may cover top edge portions of the contact pad 14
opposite the substrate 15, leaving the central portion of the contact pad 14 exposed.
As will be understood by those having skill in the art, the term substrate may be



By way of exanple, one nethod of causing inconplete converﬁkghﬁ:@ﬁmﬂ#e_@ -
copper in the metallurgy layer is to use a high-1ead sol der {™~Anot her

t echni que invol ves the use of rapid solder flow, as achieyabl ¢ i S

t echni ques descri bed above, so that there is insufficient{tin left in the
residual solder in the solder redistributibh teservoir tojconplete the
conversi on of the copper. However, it is noted that other{techni gues nay. be
utilized to prevent the conplete conversion of the copper, thereby creating
a sacrificial cRRREd doéeb idchile thepaB8aPRion15yed 12 BRI cdnbddt pid 1468 FIGH. I @REr voi I
of the substrate. Advantageously, 'sol der bunps fabricated utilizing the

sol der redistritution

An under bump metallurgy layer 16 is formed on the passivation layer to
provide a connection between the solder bump and the contact pad 14 and to
provide a plating electrode, as shown in FIGs. 2 and 7. The under bump
metallurgy layer 16 also protects the contact pad 14 and passivation layer 12
during subsequent processing steps, and provides a surface to which the solder will

adhere. The under bump metallurgy layer preferably includes a chromium layer on

2 the passivation layer 12 and contact pad 14; a phased chromium/copper layer on
m the chromium layer; and a copper layer on the phased layer. This structure adheres
N to and protects the passivation layer 12 and contact pad 14, and also provides a

base for the plated solder which follows.
The under bump metallurgy layer may also include a titanium barrier layer
between the substrate and the chromium layer as disclosed in U. S. Patent No.
5,767,010 entitled "Solder Bump Fabrication Methods and Structures Including a
Titanium Barrier Layer," and assigned to the assignee of the present invention.
This titanium barrier layer protects the passivation layer from etchants used to
remove the other components of the under bump metallurgy layer and also
prevents the formation of residues on the passivation layer which may lead to
shorts between solder bumps and redistribution routing conductors. The titanium
T layer can be easily removed from the passivation layer without leaving significant
: residues.
Various under bump metallurgy layers are disclosed, for example, in U.S.
Patent No. 4,950,623 to Dishon entitled "Method of Building Solder Bumps", U.S.
Patent No. 5,162,257 to Yung entitled "Solder Bump Fabrication Method", and
U.S. Patent No. 5,767,010 to Mis et al. entitled "Solder Bump Fabrication Methods
and Structures Including a Titanium Barrier Layer." Each of these references is
assigned to the assignee of the present invention, and the disclosure of each is
hereby incorporated in its entirety herein by reference.
A solder dam 18 can be formed on the under bump metallurgy layer 16.

This solder dam 18 preferably includes a layer of a solder non-wettable material
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wilbbe wsed teeantpimthe seldekif a seflow step is performed prior to
removing the first (exposed) portion of the under bump metallurgy layer 16 not

covered by solder, as discussed below. A mask layer 20 is then formed on the
solder dam 18. The mask layer may comprise a photoresist mask or other mask
known to those having skill in the art.

The mask layer 20 is patterned to cover the solder dam over the first
portion of the under bump metallurgy layer and to uncover areas of the solder dam
18 over a second portion of the under bump metallurgy layer 16 on which the
solder bump and redistribution routing conductor will be formed. The uncovered
portion of the solder dam is then removed thereby uncovering the second portion
of under bump metallurgy layer 16, as shown in FIGs. 3 and 8. More particularly,
the second portion of the under bump metallurgy layer 16, which is not covered by
the solder dam and patterned mask layer, includes an enlarged width portion 16A
and an elongate portion 16B.

A solder layer 22 is preferably electroplated on the second portion of the
under bump metalturgy layer 16, as shown in FIGs. 4 and 9. The solder can be
electroplated by applying an electrical bias to the continuous under bump
metallurgy layer 16 and immersing the microelectronic structure in a solution
including lead and tin, as will be understood by those having skill in the art. This

electroplating process allows solder layers to be formed simultaneously on a

plurality of second portions of the under bump metallurgy layer 16. The solder

will not plate on the mask layer 20. Alternatively, the solder can be applied by
screen printing as a paste, by evaporation, by e-beam deposition, by electroless
deposition or by other methods known to those having skill in the art. In addition,
while lead-tin solder is used for purposes of illustration throughout the
specification, other solders such as gold solder, lead-indium solder, or tin solder
can be used as will be understood by those having skill in the art.

The solder layer 22 includes an elongate portion 22B and an enlarged width
portion 22A. After removing the mask layer 20, the microelectronic structure 11

can be heated causing the solder to flow from the elongate solder portion 22B to
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enlarged width solder portion 22A. The solder dam 18 prevents the solder from

spreading beyond the elongate 16B and enlarged width 16A
bump metallurgy layer 16, as shown in FIGs. 5 and 10.

portions of the under

The solder will flow when heated above its liquidous temperature

(approximately 299°C for solder having 90% lead and 10% tin), and this process is

commonly referred to as solder reflow. During reflow, the surface tension of the

solder creates a relatively low internal pressure in the enlarged width solder portion

22A over the relatively wide geometry provided for the solder bump, and a

relatively high internal pressure in the elongate solder portion 22B over the

5o relatively narrow geometry provided for the redistribution routing conductor.

In order to equalize this internal pressure differential,

solder flows from the

elongate solder portion 22B to the enlarged width solder portion 22A.

Accordingly, the solder forms a raised solder bump at the enlarged width solder

portion 22A and a relatively thin layer of solder at the elongate solder portion 22B

over the redistribution routing conductor. When the solder i

s cooled below its

liquidus temperature, it solidifies maintaining its shape including the raised solder

bump and the thin layer of solder over the redistribution routing conductor.

It is known in the art of printed circuit board manufacture to apply solder at

a uniform level on PCB lands by screen printing, and that the level of solder can be

increased locally by enlarging a part of the land. See, Swanson, "PCB Assembly:

Assembly Technology in China," Electronic Packaging & Production, pp. 40, 42,

January 1995. To their knowledge, however, Applicants are the first to realize that

solder can be electroplated on a microelectronic substrate at
then heated to produce a raised solder bump together with a

conductor on the substrate.

a uniform level and

redistribution routing

Furthermore, U. S. Patent No. 5,327,013 to Moore et al. states that a

microsphere of a solder alloy can be pressed onto a pad, and that a stop formed of a

polymeric solder resist material can be applied to the runner to confine the solder

to the bond pad. While this patent states that the spread of solder along the runner

during reflow can be limited by constricting the width of the runner section relative
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to the bond pad, there is no suggestion that the relative dimensions of the runner

section and the bond pad can be used to cause solder to flow from the runner to the

bond pad thereby forming a multilevel solder structure. In addition, neither of

these references suggest that a solder structure having an elongate portion and an

enlarged width portion can be used to mask the under bump metallurgy layer in

order to form a redistribution routing conductor together with a

using only a single masking step.

raised solder bump

The method described herein relies on differences in the surface-tension

induced internal pressure of the reflowed (liquid) solder to form a thin layer of

solder at the elongate solder portion 22B and a raised solder bump at the enlarged

width solder portion 22A. The internal pressure P of a liquid drop of solder can be

determined according to the formula:
P=2Th,

where T is the surface tension of the liquid solder, and r is the radius of the drop.

Where liquid solder is on a flat wettable surface such as the under bump

metallurgy layer, the formula becomes:
P=2T/r",

In this formula, r' is the apparent radius of the liquid solder, and the apparent radius

is the radius of the of the arc (radius of curvature) defined by the exposed surface

of the solder. The apparent radius is dependent on the width of the underlying

solder wettable layer such as the second portion of the under bump metallurgy

layer which is in contact with the solder. Accordingly, the internal pressure of a

reflowed solder structure is inversely proportional to the width

of the second

portion of the under bump metallurgy in contact with the solder. Stated in other

words, a solder portion having on a relatively wide under bump metallurgy portion

will have a relatively low internal pressure while a solder portion on an elongate

(relative narrow) under bump metallurgy portion will have a relatively high

internal pressure. The internal pressures will equalize when the apparent radii of

the elongate solder portion 22B and the enlarged width solder portion 22A are

approximately equal.

Accordingly, when the solder layer 22 with a uniform level illustrated in
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portion has approximately the same apparent radius thereby forming a raised solder

bump. If the solder flow step is performed prior to removing the first portion of
the under bump metallurgy layer 16 not covered by the solder structure, an
intermetallic can be formed between the solder portions 22A-B and under bump
metallurgy portions 16A-B adjacent the solder wherein the intermetallic is resistant
to etchants commonly used to remove the under bump metallurgy. Accordingly,
this intermetallic reduces undercutting of the solder during the following step of
removing the first portion of the under bump metallurgy not covered by solder, as
discussed in U. S. Patent No. 5,162,257 to Yung entitled "Solder Bump Fabrication
Method" and assigned to the assignee of the present invention.

Preferably, the under bump metallurgy layer 16 includes a copper layer
adjacent the solder structure and the solder is a lead-tin solder. Accordingly, the
step of causing the solder to flow will cause the solder to react with the copper to
form an intermetallic region adjacent the solder structure, and this intermetallic
will comprise CusSn. This intermetallic does not readily react with etchants
commonly used to remove under bump metallurgy layers thereby reducing
undercutting of the solder structure.

The solder layer 22 is then preferably used as a mask to selectively etch the
first portions of the solder dam 18 and under bump metallurgy 16 not covered by
solder. A chemical etchant can be used which etches the under bump metallurgy
layer 16 preferentially with respect to the solder portions 22A-B. Accordingly, no
additional masking step is required to pattern the under bump metallurgy layer.
Stated in other words, the formation of mask layer 20 is the only masking step
required to pattern the solder dam 18 (FIGs. 3 and 8), selectively expose the
second portion of the under bump metallurgy layer 16 during the plating step
(FIGs. 3 and 8), and remove the first portions of the under bump metallurgy layer
not covered by solder after the plating step (FIGs. 5 and 10).

Altemately, the first portions of the under bump metallurgy layer 16 not

covered by solder portions 22A and 22B can be selectively removed prior to
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width 16A under bump metallurgy portions, and while the liquid solder is wettable

to the under bump metallurgy, it is not wettable to the passivation layer 12.
Accordingly, the passivation layer can contain the solder during the solder flow
step, and the solder dam 18 can be eliminated.

In another alternative, the solder dam can include a solder non-wettable
layer on the under bump metallurgy layer 16 and a solder wettable layer, such as
copper, on the solder non-wettable layer opposite the under bump metallurgy layer,
as disclosed in U. S. Patent No. 5,767,010 to Mis et al. entitled "Solder Bump
Fabrication Methods and Structures Including a Titanium Barrier Layer". The
solder wettable layer allows solder to be plated on portions of the solder dam as
well as the second portion of the under bump metallurgy layer not covered by the
solder dam or mask.

Accordingly, the mask layer 20 can uncover portions of the solder dam as
well as portions of the under bump metallurgy layer 16 thereby allowing a greater
volume of solder to be plated. The mask layer 20 and underlying portions of the
solder wettable layer are then removed. When heat is applied to cause the solder to
flow, the remaining portion of the solder wettable layer under the solder will be
dissolved into the solder exposing the solder to the solder non-wettable layer.
Accordingly, the solder will retreat to the second portion of the under bump
metallurgy layer which is wettable.

As an example, a first portion of the under bump metallurgy layer 16 is
covered by a solder dam 18 and a mask layer 20. A second portion of the under
bump metallurgy layer 16 is uncovered and has an elongate portion 16B that is 150
micrometers wide and 500 micrometers long, and a circular enlarged width portion
16A with a 500 micrometers diameter (or width), as shown in FIGs. 3 and 8. A
uniform 35 micrometers high solder layer 22 is then electroplated on the second
portion of the under bump metallurgy layer 16 including elongate portion 16A and
enlarged width portion 16B, as shown in FIG. 4. This solder is 90% lead and 10%

tin. After removing the mask layer 20, the solder is heated above its liquidus



Is reduced. It is noted that the bunp designs and conflguraflnns of FIGs.

18 and 19 are nmerely exenplary of a bunp and associ at ed; ﬁQUQﬁCFMENT SHEET
redi stribution reservoir which can be utilized to streteh el ongat
contact bunp to inprove the reliability of the contact bu n o h
advant ageous application of the present i-nd&ntion, an ihp odé% M&ggﬂﬂf

be formed in a sealed chanber, as illustrated in FlIGs. 20

(D
—

temperature (approximately 299°C) allowing it to flow.

The liquid solder is contained on the second portion 16A-B of the solder
wettable under bump metallurgy layer by the solder dam 18 to which the solder
will not wet. Because the solder structure has varying widths, the internal pressure
of the solder structure is not consistent when the height is uniform. In particular,
the internal pressure of the elongate solder portion 22B is relatively high
(approximately 1,283 X 10* Pa or 1.86 psi) and the internal pressure of the
enlarged width solder portion 22A is relatively low (approximately 3.848 X 10° Pa
or .558 psi) at the original solder height.

Accordingly, solder flows from the elongate solder portion 22B to the
enlarged width solder portion 22A unti! the internal pressures equalize, thereby
forming a raised solder bump at the enlarged width solder portion 22A, as shown
in FIGs. 5 and 10. In FIGs. 5 and 10, the solder dam 18 and the first portion of the
under bump metallurgy layer 16 not covered by the solder structure have also been
removed.

In this example, equilibrium is obtained at an internal pressure of
approximately 3.4 X 10° Pa (.493 psi). At equilibrium, the elongate solder portion
22B is approximately 10 micrometers high and the enlarged width solder portion
22A is approximately 130 micrometers high, and both portions have a radius of
curvature of approximately 281 micrometers. Accordingly, a two level solder
structure can be provided with a single masking step. When cooled, this structure
solidifies while maintaining its form. In addition, the elongate solder portion 22B
with a solder height of 10 micrometers is sufficient to mask the respective elongate
under bump metaliurgy layer portion 16B when removing the first portion of the
under bump metallurgy layer not covered by solder. The enlarged width portion of
the solder structure may have a width (or diameter if the enlarged width portion is
circular) of at least two times a width of the elongate portion of the solder structure
in order to ensure that the solder bump formed by the method described above is
sufficiently raised relative to the elongate solder portion to provide an adequate
connection to a printed circuit board.

In the drawings and specification, there have been disclosed typical
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present invention. While the solder redistribution reservoirs 112 are

rectangul ar in tthey are used in a generic and descriptive sense only and not for purposes of

limitation, the scope of the invention being set forth in the following claims.

II. Controlled-Shaped Solder Reservoirs

As described above, the elongate solder portion 22B functions as a solder
redistribution reservoir for the enlarged with solder portion 22A. The surface-
tension induced pressure differential causes the molten solder in a relatively high
pressure elongate solder portion 22B to flow to the relatively lower pressure
enlarged width portion 22A. The increasing solder volume at the enlarged width
portion 22A forms a raised solder bump. A solder bump so formed generally has a
relatively larger height than solder bumps formed without solder redistribution
reservoirs when utilizing the same pad diameter and solder plating thickness.
Thus, by taking advantage of the surface-tension induced pressure differential
between a solder redistribution reservoir and an elongate width portion, such as a
solder bump, relatively taller bumps can be advantageously achieved. The
following description is of various embodiments of solder structures which take
advantage of this pressure differential to produce more efficient and reliable solder
structures.

With reference to FIG. 11, a solder structure 30 in accordance with the
present invention as illustrated. The solder structure 30 includes a square solder
redistribution reservoir 32, and a channel 34 that connects the solder redistribution

reservoir 32 to an enlarged with portion, such as bump 34. The square solder

redistribution reservoir 32 includes at least two linear segments, each having

opposed sides, where at least one side of a first linear segment is oriented at an

obtuse angle with respect to at least one side of a second linear segment adjacent

the first linear segment. Accordingly, as a solder forming the solder structure is

heated to its liquidus state to cause the solder to flow, commonly referred to as
solder reflow, the solder flows from the solder redistribution reservoir 32 to the
bump 36 via the channel 34 due to the internal pressure differential. The additional

solder from the solder redistribution resel_'voir 32 increases the volume of solder
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solder that flows into the bumps during reflow.

As an example, assume an area array flip chip with 0.125 mm diameter
pads on a 0.25 mm pitch, a minimum spacing for features in the plating template of
0.025 mm, and plating solder that is 0.05mm thick. A solder bump under these
circumstances would have a solder volume of 6.4 E-4 mm®, and a height of 0.07
mm. However, by providing a solder redistribution reservoir 32 around the solder
bump pad, as shown in FIG. 11, that is 0.063 mm wide and 0.25 mm square, the
bump volume increases to 1.23 E-3 mm’. Accordingly, solder bump height is
significantly increased while not affecting the solder bump pitch in the array.

1t is noted that the solder structure 30, and those structures discussed below,
is preferably fabricated with the single mask process described above, though it
will be recognized by those of ordinary skill in the art that other suitable solid,
liquid, vapor, and electromechanical deposition methods may be utilized, as well
known in the art. Further, it is noted that while the solder bumps described herein
are circular in shape, one having ordinary skill in the art will recognize that the
solder bumps may take any geometry, such as square, rectangular or polygonal.

It is further noted that while a solder redistribution reservoir 32 is square,
other geometries for the solder redistribution reservoir are within the scope of the
) present invention. The different geometries and dimensions of the solder
redistribution reservoir may be controlled by various design parameters, such as
the amount of solder to be added, the speed of flow, the minimum feature spacing,
etc. For instance, as illustrated in FIG. 12, a solder structure 38 includes a U-
shaped solder redistribution reservoir 40 of the same width as the solder
redistribution reservoir 32 may be utilized in order to provide additional solder to
the bump. As another example, a solder structure 50 comprises a bump portion 52
in a plurality of regularly extending solder redistribution reservoirs 54, as
illustrated in FIG. 13. Thus, by engineering the particular dimensions in shape of
the solder redistribution reservoir, the volume, height, and area of the solder bump

can be precisely controlled.
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to decreases. To improve flow at or near this critical length, and/or to better
control the flow rate of the solder, a gradient line width may be utilized, as
illustrated in FIGs. 14-16. As shown in FIG. 17, the line width and internal
pressure are essentially inversely proportional. Thus, by designing the solder

redistribution reservoir to be tapered in shape, having an increasing line width from

a distal end to a proximate end adjacent the bump, the flow rate of the solder will
be increased. An increase in the flow rate may be desirable with solder having a
wide range of plastic flow so that the solder can be moved before it is completely
molten. As illustrated in FIGs. 14 and 15, solder structures 60 and 62, include
solder redistribution reservoir 64 and 66, respectively, which have continuous line
width gradients. It is noted, however, that continuous line width gradients are not
necessary for the present invention. The line width gradient may be in only a
portion of the solder lines forming the solder redistribution reservoir.
Alternatively, the solder redistribution reservoir may have a line width that
decreases from a distal end to a proximate end adjacent the solder bump in order to
decrease the flow rate, as illustrated by the solder structure 70 having solder
redistribution reservoirs 72. Slowing the flow rate of the solder in the solder
redistribution reservoirs may be desirable in various circumstances, such as with
e eutectic solders where rapid flow produces instabilities and unpredictability.
Specifically, the instability and unpredictability with eutectic solders is caused by a
variety of factors, such as not all the solder melting simultaneously, grains of
higher melting point alloys, etc.
As discussed above, a small amount of solder remains in the solder
redistribution reservoir after reflow. Even though the solder redistribution
reservoirs described herein can be shaped and sized to take very little space on a
substrate, it may still be desirable to remove the solder redistribution reservoirs
after the reflow step. In accordance with the present invention, by inhibiting the
complete conversion of the copper (or other wettable metal)layer of the under

bump metallurgy to an intermetallic, the remaining copper may be removed in the
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under bump metallurgy etch step. The removal of the copper allows the residual

solder of the solder redistribution reservoir to break off and float away in the under
bump metallurgy etchant. A small area of the solder redistribution reservoir may
have a narrow width or notch 74 (FIG. 16) which creates a weak point at which the
solder reservoir will break off, thereby controlling the breaking point.

By way of example, one method of causing incomplete conversion of the
copper in the metallurgy layer is to use a high-lead solder. Another technique
involves the use of rapid solder flow, as achievable via the techniques described
above, so that there is insufficient tin left in the residual solder in the solder
redistribution reservoir to complete the conversion of the copper. However, it is
noted that other techniques may be utilized to prevent the complete conversion of
the copper, thereby creating a sacrificial copper layer that release the solder
redistribution reservoir of the substrate.

Advantageously, solder bumps fabricated utilizing the solder redistribution
reservoirs in accordance with the present invention are taller than solder bumps
without a solder redistribution reservoir given the same pad diameter and plating
thickness. This is particularly advantageous in flip chip designs where it is often
difficult to adequately clean the flux and other residue from between the chip and
substrate following the reflow step. The incomplete removal of flux and other
residue may cause poor adhesion of the underfill epoxies, electrical leakage, or
corrosion of metals. If the gap is not sufficiently large between the chip and
substrate, then the boundary layer of the cleaning solution would prevent or restrict
the flow of the cleaning solution between the chip and substrate.

However, the taller solder bump resulting from the use of the solder
redistribution reservoirs will improve the effectiveness of the cleaning solution by
increasing the gap between the chip substrate.

The underfill process will likewise benefit from the increased gap size. The
underfill epoxy is typically of low viscosity and may not flow between the chip
and substrate if the gap is too small. The taller solder bumps provide improved
clearance, thereby resulting in better underfill. The structure shown in FIG. 11,

when scaled to a pitch of 0.250 mm and plated to a height of 0,050 mm, could be
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Furthermore, the taller the solder bump, the more mechanically reliable the
solder bump. This is primarily due to the reduction and strain per unit length
discussed above. Of special benefit is the reduction of the strain per unit length to
below the elastic limit for the solder. This will eliminate the plastic damage which
is the cause of solder fatigue failure.
An advantageous application of the present invention is illustrated in FIGs.
18 and 19, whereby the reliability of electrical connections in a flip chip device are
improved. In particular, with reference to FIG. 18, a chip 80 may comprise
N, mechanical bumps 82 which have one or more solder reflow reservoirs 84 in
accordance with the present invention associated therewith, and one or more
contact solder bump 86 for forming electrical contacts between the chip 80 and a
substrate 88 (FIG. 19). Given substantially uniform plating thickness across chip
80, the mechanical bumps 82 will have a greater volume that the contact bumps 86,
and therefore, will be taller. It has been determined that the contact bumps 86
should have a contact pad 90 as equal to or larger than the contact pads 92
associated with the mechanical bumps 82. By using contact pads of the same size
or larger with the contact bumps 86, the mechanical bumps 82 will not grow larger
that the contact bumps 86 until the contact bumps 86 have soldered to the substrate
88. Alternatively, the flow rate of the soldered to the mechanical bumps 86 from
the solder redistribution reservoir may be slowed using a solder redistribution
- reservoir of a suitable dimension and shape, as described above. As shown in FIG.
19, the taller mechanical bumps 82 create a larger gap or opening between the chip
80 and substrate 88, which stretches the contact bumps 86. As discussed above,
the elongated contact bumps 86 are more reliable because the strain per unit length
is reduced. It is noted that the bump designs and configurations of FIGs. 18 and 19
are merely exemplary of a bump and associated solder redistribution reservoir
which can be utilized to stretch or elongate a contact bump to improve the
reliability of the contact bump.
In yet another advantageous application of the present invention, an

improved vacuum may be formed in a sealed chamber, as illustrated in FIGs. 20A-
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20C, and 21. In particular, a lid or cap 102 is patterned with a soldered seal ring
104 for bonding with a substrate 106 for creating a sealed chamber 108. In the
embodiment illustrated, a second seal ring 110 is provided for redundancy and
improved reliability, though it is not necessary for the present invention, as best
illustrated in FIG. 21. Nonetheless, the second seal ring 110 reduces the pressure
differential across the first seal ring 104. Associated with each seal ring 104, 110
is at least one solder redistribution reservoir 112 in accordance with the present
invention. While the solder redistribution reservoirs 112 are rectangular in the
illustrative embodiment, it is recognized that the solder redistribution reservoirs
Vo can be shaped and sized as described herein to achieve a desired result.

A microelectromechanical system (MEMS) device 112, or other device
favoring a vacuum environment, is disposed inside the chamber 108. While the
MEMS device 112 is shown fabricated on the substrate 106, it will be recognized
by those of ordinary skill in the art that the MEMS device can be fabricated on
either or both the lid 102 and the substrate 106.

On the substrate, bonding regions 114 are provided in the form of a
metallization or other conventional solder wettable material for bonding to the
respective solders seal rings 104, 110. The fabrication of the bonding regions is
well known and need not be described further herein. Alternatively, solder dams
may be utilized, as with cap 102. It is noted that the solder seal rings 104, 110 may

e be square as shown, or alternatively, circular, rectangular, polygonal, or any other
shape.

With particular reference to FIGs. 20A-20C, the cap 102 is initially plated
with solder seal rings 104, 110. The cap 102 is then placed on the substrate 106 so
that the solder ring aligns with the solder wettable pads on the substrate 106. This
procedure is preferably performed in a vacuum environment so that the resulting
chamber 108 is at the pressure of the vacuum environment. Upon reflow, the
solder seal rings 104, 110 increase in size with the additional solder from the solder
redistribution reservoirs, thereby expanding the volume of the chamber 108. The
increase in volume decreases the pressure in the chamber 108. Thus, the pressure

in the chamber 108 will be less than that of the vacuum environment in which it
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As an example, using the increase in gap height given above, the gap
volume will increase from 0.070mm*A, where A is the area enclosed by the seal
ring, to 0.1mm*A. The volume increase is then 10/7 or 1.43 times greater. Since
pressure is inversely proportional to volume, the pressure will be 30% lower than
without the increased gap.

In the drawings and specification, there have been disclosed typical
preferred embodiments of the invention, and although specific terms are employed,
they are used in a generic and descriptive sense only, and not for the purposes of

limitation; the scope of the invention being set forth in the following claims.
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Wherefore, the following is claimed:

1. A solder bump structure on a microelectronic substrate, comprising
a solder structure including a solder reservoir portion and a solder bump portion,

and wherein said solder reservoir portion is non-linear and shaped to create a

pressure gradient along a length of said solder reservoir portion during a solder

reflow process.

2. The solder bump structure of Claim 1, wherein said solder reservoir

portion at least partially wraps around said solder bump portion.

3. The solder bump structure of Claim 1, wherein said solder structure
comprises a plurality of solder reservoir portions extending from said solder bump

portion.

4. The solder bump structure of Claim 3, wherein said solder reservoir

portions radially extend a substantially equal length from said solder bump portion.

5. The solder bump structure of Claim 1, wherein said solder reservoir

portion includes a first linear portion and a second linear portion, each having at

least one straight side, and wherein a straight side of said first linear portion forms

an obtuse angle with respect to a straight side of said second linear portion.

6. The solder bump structure of Claim 1, wherein said pressure
gradient creates a positive flow rate of solder to said solder bump portion during

said reflow process.
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7. The solder bump structure of Claim 1, wherein said pressure

gradient creates a negative in flow rate of solder to said solder bump portion during
said reflow step. k
¥
8. The solder bump structure of Claim 1, wherein said solder reservoir
portion includes a notch to facilitate removal of said solder reservoir portion from

said microelectronic substrate.

9. A solder bump structure on a microelectronic substrate, comprising
L a solder structure including a solder reservoir portion and a solder bump portion,
and wherein said solder reservoir portion has a width which in non-uniform in at

least a portion of said reservoir portion to create a pressure gradient along a length

of said solder reservoir portion during a solder reflow process.

10. A microelectromechanical system (MEMS) module, comprising:

a substrate and a lid in spaced apart relationship;

a solder ring which bonds said lid to said substrate to define a sealed
chamber therebetween, wherein said solder ring includes at least one solder
reservoir associated therewith; and

a MEMS device formed in said chamber.

s I1. The MEMS module of Claim 10, further including a second solder
ring substantially concentrically aligned with said solder ring, and wherein said

second solder ring includes at least one solder reservoir associated therewith.

12.  The MEMS module of Claim10, further comprising elongated
electrical contacts in said chamber, wherein said elongated electrical contacts

electrically connect said 1id to said substrate.

13. The MEMS module of Claim 10, wherein said chamber includes a

controlled environment maintained at a vacuum.
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14. A flip-chip structure, comprising:

a substrate and a chip in spaced apart relationship;

an elongated contact bump which electrically connects said lid to said
substrate; and

a plurality of mechanical bumps bonding said chip to said substrate, at least

one of said mechanical bumps including a solder reservoir associated therewith.

15.  The flip-chip structure of Claim 14, wherein said mechanical bumps
have a first volume after reflow and said elongated contact bumps have a second

volume after reflow, wherein said first volume is greater than said second volume.

16. A method of forming a solder bump structure on a microelectronic
substrate, comprising the steps of:

forming an under bump metallurgy layer on the microelectronic substrate;
and
forming a solder structure on said under bump metallurgy layer opposite the

microelectronic substrate, the solder structure including a solder reservoir portion

and a solder bump portion, wherein the solder reservoir portion is non-linear in

shape to create a pressure gradient along a _l_engt_l}_g__t: §gi§_§g_l_q§r _}f_gs_gzvmqi,g_gggt_i_qg“

during a solder reflow process.

17.  The method of Claim16, wherein said step of forming the solder
structure includes the step of forming a solder structure including a plurality of

solder reservoirs.
18. The method of Claim 16, wherein said step of forming the solder
structure includes the step of forming a solder structure including a solder reservoir

which at least partially wraps around the solder bump portion.

19.  The method of Claim 16, wherein said step of forming the solder
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20. A method of forming a solder bump structure on a microelectronic
substrate, comprising the steps of:

forming an under bump metallurgy layer on the microelectronic substrate;
and
forming a solder structure on the under bump metallurgy layer opposite the
microelectronic substrate, the solder structure including a solder bump pottion and

a plurality of solder reservoir portions extending therefrom.

21. A method of forming a flip-chip module, comprising the steps of:
forming a contact solder bump structure on a microelectronic substrate;
forming a plurality of mechanical solder bump structures on the
microelectronic substrate, wherein said mechanical solder bump structures have
respective solder reservoirs associated therewith;
mating the microelectronic substrate to a second substrate; and
reflowing the solder of the contact solder bumps and the mechanical solder bumps
to bond the microelectronic subsirate to the second substrate, wherein the contact
solder bump becomes elongated due to the relatively taller mechanical solder

bumps.

22.  The method of claim 21, wherein said step of :forming a contact
solder bump structure includes the step of forming a contact of a first volume and
said step of forming a plurality of mechanical solder bumps includes the step of
forming mechanical solder bumps, wherein the first volume is less than the second

volume.

23. A method of forming a flip-chip module, comprising the steps of:
forming a solder ring on a microelectronic substrate, wherein said solder

ring includes at least one solder reservoir associated therewith;
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mating the microelectronic substrate to a second substrate in a vacuum

o
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environment to define a chamber therebetween; and
reflowing the solder of the solder ring to seal the microelectronic substrate to the
second substrate so as to increase the volume of the chamber, whereby the

chamber is at a relatively lower pressure than said vacuum environment.

24.  The method of Claim 23, further including the step of forming a
second solder ring substantially concentrically aligned with said solder ring,
wherein said second solder ring includes at least one solder reservoir associated

therewith.

25. A solder bump structure on a microelectronic substrate, comprising

a solder structure including a solder reservoir portion and a solder bump portion,

and wherein said solder reservoir portion comprises:

a first linear segment, wherein the first linear segment has opposed sides,

and

a second linear segment, wherein the second linear segment has opposed

sides,

wherein at least one side of the first linear segment is adjacent to at least

one side of the second linear segment, and wherein the at least one side of the first

linear segment is oriented at an obtuse angle with respect to the at least one side of

S the second linear segment.

26.  The solder bump structure of Claim 25, wherein said solder

reservoir portion at least partially wraps around said solder bump portion.

27.  The solder bump structure of Claim 25, wherein said pressure

gradient creates 2 positive flow rate of solder to said solder bump portion during

said reflow process.

28.  The solder bump structure of Claim 25, wherein said pressure
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gradient creates a negative in flow rate of solder to said solder bump portion during

said reflow step.

29.  The solder bump structure of Claim 25, wherein said solder

reservoir portion includes a notch to facilitate removal of said solder reservoir

portion from said microelectronic substrate.

30. A solder bump structure on a microelectronic substrate, comprising

a solder structure including a solder reservoir portion and a solder bump portion,

and wherein said solder reservoir is tapered in shape.

31.  The solder bump structure of Claim 30, wherein said solder

reservoir portion at least partially wraps around said solder bump portion.

32.  The solder bump structure of Claim 30, wherein said pressure

gradient creates a positive flow rate of solder to said solder bump portion during

said reflow process.

33.  The solder bump structure of Claim 30, wherein said pressure

gradient creates a negative in flow rate of solder to said solder bump portion during

said reflow step.

34.  The solder bump structure of Claim 30, wherein said solder

reservoir portion includes a notch to facilitate removal of said solder reservoir

portion from said microelectronic substrate.
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CONTROLLED-SHAPED SOLDER RESERVOIRS FOR INCREASING THE
VOLUME OF SOLDER BUMPS, AND STRUCTURES FORMED THEREBY

{&‘

12

ABSTRACT OF THE DISCLOSURE

A controlled-shaped solder reservoir provides additional solder to a bump in
the flow step for increasing the volume of solder forming the solder bump. The
controlled shaped reservoirs can be shaped and sized to provide predetermined
amounts of solder to the solder bump. Thus, the height of the resulting solder bump
can be predetermined. The solder reservoirs can be shaped to take a minimum amount
of space, such as by at Jeast partially wrapping around the solder bump.

Consequently, the solder bumps may have increased height without adding to the
space requirements of the solder bump, or without increasing the fabrication cost. In
addition, due to the finite time required for solder flow, a means of sequencing events

during soldering is provided.

Figure 5
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CLAIMS
“Wherefore, the following is claimed:
1. A solder bump structure on a microelectronic substrate, comprising

a solder structure including a solder reservoir portion and a solder bump portion, -
and wherein said solder reservoir portion is non-linear and shaped to create a
pressure gradient along a length of said solder reservoir p_ortidn during a solder

reflow process.

2 The solder bump structure of Claim 1, wherein said solder reservoir

portion at .least' partiaily wraps around said solder bump portion,

3. The solder bump structure of Claim 1, wherein said solder structure
comprises a plurality of solder reservoir pottions extending from said solder bump

portion.

4. The solder bump structure of Claim 3, wherein said solder reservoir

portions radially extend a substantially equal length from said solder bump portion.

5. The solder bump structure of Claim 1, wherein said pressure

gradient creates a positive flow rate of solder to said solder bump portion during

said reflow process.

6. The solder bump structure of Claim 1, wherein said pressure

gradient creates a negative in flow rate of solder to said solder bump portion during

said reflow step.

7. The solder bump structure of Claim 1, wherein said solder reservoir

portion includes a notch to facilitate removal of said solder reservoir portion from

_ said microelectronic substrate. : T
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8. A solder bump structure on a microelectronic substrate, comprising
a solder structure including a solder reservoir portion and a solder bump portibn,
and wherein said solder reservoir portion has a width which in non-uniform in at
least a portion of said reservoir portion to create a pressure gradient along a_-len'gth

of said solder reservoir portion during a solder reflow process.

9. A method of forming a solder bump structure on a microelectronic

substrate, comprising the steps of:
forming an under bump metallurgy layer on the microelectronic substréte;

and _

forming a éolder structure on said under bump metallurgy layer opposite the
microelectronic substrate, the solder structure including a solder reservoir po.r"tion'
and a solder bump portion, wherein the solder reservoir portion is non-linear m |
shape to create a pressure 'g'radient along a length of sa"id solder reservoir’pox_’tibn

during a solder reflow process.

10.  The method of Claim 9., wherein said step of forming the solder
structure includes the step of forming a solder structure including a plurality of

solder reservoirs.

11, The method of Claim 9 , wherein said step of forming the solder
struéture includes the step of forming a solder structure including a solder reservoir

which at least partially wraps around the solder bump portion.

12.  The method of Claim 9 ; wherein said step of forming the solder

structure includes the step of fonhing a solder structure including a solder reservoir

shaped to create a pressure gradient along a length of the solder reservoir.
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CONTROLLED-SHAPED SOLDER RESERVOIRS FOR INCREASING THE
VOLUME OF SOLDER BUMPS, AND STRUCTURES FORMED THEREBY

ABSTRACT OF THE DISCLOSURE

A-controlled—shaped solder reserw)oi; provides additional solder to a bump in
the flow step for increasing the volume of solder forming the solder bump. The '
controlled shaped reservoirs can be shaped and sized to provide predetermined
amounts of solder to the solder bump. Thus, the height of the resulting solder i)ump
can be predetermined. The solder reservoirs can be shaped to take a minimum amount
of space, such as by at least partially wrapping around the solder bump.
Consequeﬁtly, the so!d& bumps may have increased height without adding to the
space requirements of the solder bump, or without increasing the fabrication cést. ‘In

addition, due to the finite time required for solder flow, 2 means of sequencing events

during soldering is provided.

Figure 5



