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(57) ABSTRACT 

A bumped semiconductor device contact structure is dis 
closed including at least one non-planar contact pad having 
a plurality of projections extending therefrom for contacting 
at least one solder ball of a bumped integrated circuit (IC) 
device. Such as a bumped die and a bumped packaged IC 
device. The projections are arranged to make electrical 
contact with the solder balls of a bumped IC device without 
substantially deforming the solder ball. Accordingly, reflow 
of solder balls to reform the solder balls is not necessary 
with the contact pad of the present invention. Such a contact 
pad may be provided on various testing equipment Such as 
probes and the like and may be used for both temporary and 
permanent connections. 
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PROJECTED CONTACT STRUCTURES FOR 
ENGAGING BUMPED SEMCONDUCTOR 

DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of application Ser. 
No. 11/268,884, filed Nov. 8, 2005, pending, which is a 
divisional of application Ser. No. 10/462,129, filed Jun. 16, 
2003, now U.S. Pat. No. 7,115,495, issued Oct. 3, 2006, 
which is a continuation of application Ser. No. 09/935,494, 
filed Aug. 23, 2001, now U.S. Pat. No. 6,613,662, issued 
Sep. 2, 2003, which is a continuation of application Ser. No. 
09/305,493, filed May 5, 1999, now U.S. Pat. No. 6,291,897, 
issued Sep. 18, 2001, which is a continuation of application 
Ser. No. 08/828,255, filed Mar. 26, 1997, now U.S. Pat. No. 
5,929,521, issued Jul. 27, 1999. The disclosure of each of the 
previously referenced U.S. patent applications and patents 
(if applicable) referenced is hereby incorporated by refer 
ence in its entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to appara 
tus and methods for making temporary contact with bumped 
semiconductor devices. More specifically, the invention 
relates to contact structures having non-planar or raised 
surfaces formed to reduce deformation of solder balls on 
bumped dice when engaged by Such contact structures. 
0004 2. State of the Art 
0005 Semiconductor devices are subjected to a series of 
test procedures in order to ensure quality and reliability. The 
testing procedures conventionally include "probe testing in 
which individual integrated circuits (ICs), while still on the 
wafer, are initially tested to determine functionality and 
speed. Probe cards and other test heads are used to electri 
cally test ICs at the wafer level by making electrical con 
nection interfaces with a single IC at a time. If the wafer has 
a yield of ICs which indicates that the quality and quantity 
of functional ICs is likely to be good, the individual ICs are 
singulated or "diced' from the wafer with a wafer saw. Each 
individual die may be assembled in a package to form an IC 
device or may be bumped with solder (usually prior to 
separation from the wafer) for direct flip-chip bonding to a 
semiconductor Substrate. 

0006. In many semiconductor applications, formation of 
conductive bumps on the bond pads of an IC die is necessary 
or desirable. The most common applications where conduc 
tive bumps are used include tape automated bonding (TAB), 
flip-chip attachment of a die to a carrier Substrate. Such as a 
printed circuit board (PCB) (i.e., chip-on-board (COB) chip 
scale packages). Formation of the conductive bumps used in 
these applications can be accomplished using a variety of 
commonly known methods. Such as metal deposition onto 
bond pads by Screening or printing, or ball bumping tech 
niques using wire bonding equipment. 
0007. A widely practiced way to increase the number of 
available input/output (I/O) connections is to use flip-chip 
methodology for packaging where an array of connection 
elements is positioned on the active Surface of the die and 
the die is mounted active Surface down upon a single-chip or 
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multi-chip Substrate (i.e., a chip or module carrier) and 
bonded to the terminal pads of the substrate through the 
connection elements. 

0008 One method of flip-chip attachment is controlled 
collapsed chip connection (C4), pioneered by International 
Business Machines Corp. during the 1960s. In C4 bonding, 
an array of solder bumps, corresponding to an array of 
contacts, connects the flipped die to the single-chip or 
multi-chip carrier substrate such as a PCB. The single-chip 
or multi-chip structure may Subsequently be packaged and 
mounted to higher-level packaging Such as a mother board 
or chassis. Many variations of the original C4 technology are 
practiced in the art to produce metallic, reflowable balls. 

0009 Because of the high manufacturing costs associated 
with state-of-the-art metal deposition techniques, many 
semiconductor manufacturers have resorted to ball bumping 
processes using standard wire bonding tools to form con 
ductive bumps over the bond pads. In the ball bumping 
process, a capillary of the wire bonding tool carries a 
conductive wire toward a bond pad on which a bump is to 
be formed. A ball is formed at an end of the wire by heating 
and melting the metal wire. The wire bonding tool capillary 
then presses the ball against the planar bond pad and the 
portion of the wire extending past the ball is cut, leaving a 
ball bump on the bond pad. 

0010 Various materials are typically used to form the 
bumps on the die. Such as solder, gold, conductive polymers, 
etc. Typically, if the bumps are solder bumps, the solder 
bumps are deposited, reflowed to form a spherical shape, 
and subsequently re-heated to form a solder joint between 
the bond pads on the so-called flip-chip and the carrier 
Substrate terminal pads, the Solder joint forming both elec 
trical and mechanical connections between the flip-chip and 
carrier substrate. U.S. Pat. No. 5,426.266 to Brown et al. 
discloses a connection for flip-chip mounting a "bumped IC 
die directly to a semiconductor substrate in which a circuit 
run having an end that is formed into a patterned bond pad 
lies directly underneath the bond pad of the die. The 
patterned bond pad of the circuit run includes cutout areas 
that form a metallization pattern of conductive ridges and 
expose portions of the underlying Substrate. A gold, indium 
or copper bump of the die is compressed into the cutout 
portions between the ridges of the patterned bond pad, thus 
mechanically interlocking the metal bump with the patterned 
bond pad at the end of the circuit run. Accordingly, signifi 
cant deformation of the metal ball results. 

0011 Dice destined for flip-chip attachment are often 
tested after having been "bumped' (i.e., forming solder or 
other metal balls on the bond pads of the die) by contacting 
and usually penetrating, to Some degree, the solder balls 
with needle-like probes. Such tests may include full func 
tional testing where the operation of the unpackaged die is 
evaluated, burn-in-testing where various performance 
parameters may be tested while changing environmental 
conditions such as temperature, Voltage and current, and 
various other tests. A typical probe is a pointed needle-like 
element of Small size (significantly smaller in diameter than 
the solder ball diameter) that penetrates the solder ball, 
piercing any oxidation layer present on the outside of the 
solder ball and making good electrical contact with the 
underlying metal. An exemplary probing device is disclosed 
in U.S. Pat. No. 5,532,613 to Nagasawa et al., which 
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includes a probe needle having a pointed or conical tip. 
Another probe structure having a linearly extending Serrated 
tip is disclosed in U.S. Pat. No. 5,428,298 to Ko. Penetration 
of the solder ball by the probe typically gouges, pits and 
deforms the solder ball, creating closed cavities on the 
bottom center surface thereof such that the probed solder 
balls must be reflowed to return the solder ball to its 
pre-probed shape (i.e., Substantially spherical) prior to con 
nection of the die to the carrier substrate. Without such a 
preliminary reflow, organics and other contaminants may be 
trapped between the face of the solicited bump and substrate 
terminal pad after connection, or trapped, heated gas may 
form a bubble at the connection site, reducing the mechani 
cal strength of the bond and impairing the ohmic contact 
between the bond pad of the die and the terminal pad of the 
Substrate. Although the bumps can be reshaped after testing 
by reflowing the Solder, Such reshaping is an unnecessary 
and hazardous expense that Subjects the dice to an additional 
heating step that can adversely affect the operation and 
performance of the IC. 
0012 While probe needles provide one type of probe tip, 
other probe tips are also known in the art. One such probe 
tip, disclosed in U.S. Pat. No. 5,585,282 to Wood et al. and 
assigned to the assignee of the present invention, includes a 
contact member having raised portions thereon used to 
penetrate and make electrical contact directly with bond 
pads or bumped bond pads of a die. In U.S. Pat. No. 
5,592,736 to Akram et al., also assigned to the assignee of 
the present invention, contacts having sharpened elongated 
projections are employed to make penetrating contact with 
the solder balls of bumped bond pads. While such probe or 
contact structures make good electrical contact with the 
solder balls, the bottom center of the solder balls may be 
significantly deformed by the contact, forming closed cavi 
ties in the bottoms of the balls which may trap organics and 
other contaminants if a preliminary reflow is not performed 
to reform the balls prior to die-to-carrier substrate intercon 
nection. Furthermore, the aforementioned structures do not 
easily accommodate measurable differences in the heights of 
different bumps of balls on the active surface of a die. 
0013 Another approach to interconnection of bumped 
semiconductive devices for testing purposes or permanent 
inclusion in an electrical circuit is disclosed in U.S. Pat. No. 
5,207,585 to Byrnes et al., wherein a flexible membrane 
bearing electrodes thereon is placed in contact with the 
bumps of the die, and the electrodes mechanically pressed 
into the bumps. Different electrode face configurations are 
disclosed, including one (see FIG. 9 of the 585 patent) 
shaped to “prevent the formation of deep isolated indents in 
the C4 bump to prevent the formation of voids during solder 
reflow to reshape the C4 bump after electrical testing.” Thus, 
the previously mentioned, isolated or closed-cavity problem 
is acknowledged, but no solution presented which would 
either avoid damage to the bump centers or eliminate the 
need for a preliminary reflow to reshape the C4 (solder) 
bump after testing. In addition, there is no accommodation 
for different bump heights on the same die. 
0014. In view of the aforementioned drawbacks, it would 
be advantageous to provide an economical Solder ball con 
tact and method of manufacturing Such a contact that 
reduces or eliminates damaging deformation of the Solder 
ball and does not form closed cavities in the surface thereof, 
while enhancing contact-to-solder ball connection in a man 
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ner which accommodates height variations between balls. It 
would also be advantageous to provide a carrier Substrate 
with the improved contact for temporary or permanent 
semiconductor Substrate-to-die interconnections. 

BRIEF SUMMARY OF THE INVENTION 

00.15 According to the present invention, a contact pad 
of the type used to make physical and electrical contact with 
a solder ball or bump of an integrated circuit die includes 
non-planar or raised surfaces or projections formed to 
reduce or eliminate damaging deformation of the outer face 
of the solder ball upon contact with the solder ball by the 
contact pad. Such contact pads may be provided on the end 
of a probing device and other testing equipment known in 
the art of semiconductor devices, and may also be employed 
in permanent die-to-carrier Substrate connections. Advanta 
geously, the contact pad provides projections configured to 
penetrate an oxide layer of a solder ball without excessively 
deforming the solder ball and particularly the central, bot 
tom portion of the ball adjacent the contact pad. The 
projections are also configured and arranged to allow gases 
(e.g., air), organics such as flux and other contaminants that 
may otherwise become trapped between the contact pad and 
the solder ball to escape when the solder ball is reflowed 
during connection to a carrier Substrate. Compression of the 
balls of a semiconductor device against a matching group of 
contact pads also serves to enhance the mutual planarity and 
consistency of the projection of the balls from the semicon 
ductor device after test or burn-in is completed and the 
device removed from the contact pads. 
0016. In a preferred embodiment, the contact structure 
comprises pyramid-like projections, radially extending and 
Substantially constantly increasing in height from proximate 
a central portion of the contact pad to proximate the outer 
perimeter or edge of the contact pad. The projections, in 
effect, center and cradle the solder ball, leaving the center of 
the ball adjacent the contact in an imperforate state. 
0017. In another preferred embodiment, the contact struc 
ture comprises a plurality of projections having adjoining 
sloped surfaces that form a frame-like pocket for receiving 
a solder ball of a bumped IC device, piercing the solder ball 
toward its radial or lateral periphery and leaving the outer 
most, projecting center of the ball in a pristine state. 
0018. In another preferred embodiment, the contact struc 
ture comprises a plurality of projections having sloped 
Surfaces, the structure being similar to the previous embodi 
ment, but with each projection spaced from an adjacent 
projection to provide a pathway or vent between projections 
to permit flow of gases, flux, contaminants, and other 
substances between the solder ball and the contact structure. 
The sloped Surfaces may be substantially planar, curved or 
of any other shape. 
0019. In yet another preferred embodiment, the contact 
structure comprises a plurality of different height projections 
having, for example, rectangular, circular, triangular, or 
trapezoidal cross-sectional shapes. Preferably, larger projec 
tions Surround Smaller projections so that Smaller projec 
tions are closer to the center of the contact pad. 
0020. Because the contact pads lie generally in the same 
plane and the centers of the contact pads are planar while the 
projections (of various configurations as disclosed) increase 
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in height as their distance from the pad center increases, 
balls or bumps of varying heights projecting from the same 
die may be accommodated. Specifically, the projections of 
the contact structures can penetrate different distances into 
the solder balls, depending on the size of the solder ball (i.e., 
penetrating a greater distance into larger Solder balls), while 
the ball centers lie flat against the centers of the contact pads. 
0021 According to further principles of the present 
invention, subtractive as well as additive methods for form 
ing Such contact structures are also disclosed. Subtractive 
formation comprises the steps of masking the material of the 
carrier substrate on which the contact pad is to be formed 
and etching the Substrate material to form the projections 
thereon. The projections may also be formed by the additive 
methods of stenciling or printing, stamping, electrochemical 
or electroless plating, or adhesive application or other bond 
ing of preformed contact pads having projections thereon. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0022 While the specification concludes with claims par 
ticularly pointing out and distinctly claiming that which is 
regarded as the present invention, the advantages of this 
invention can be more readily ascertained from the follow 
ing description of the invention when read in conjunction 
with the accompanying drawings in which: 
0023 FIG. 1A illustrates a top view of a first embodiment 
of a contact structure in accordance with the present inven 
tion; 
0024 FIG. 1B illustrates a cross-sectional side view of 
the contact structure shown in FIG. 1A engaging a solder 
ball of a bumped integrated circuit (IC) die; 
0.025 FIG. 2A illustrates a top view of a second embodi 
ment of a contact structure in accordance with the present 
invention; 
0026 FIG. 2B illustrates a cross-sectional side view of 
the contact structure shown in FIG. 2A engaging a solder 
ball of a bumped IC die; 
0027 FIG. 3A illustrates a top view of a third embodi 
ment of a contact structure in accordance with the present 
invention; 
0028 FIG. 3B illustrates a cross-sectional side view of 
the contact structure shown in FIG. 3A engaging a solder 
ball of a bumped IC die; 
0029 FIG. 4A illustrates a top view of a fourth embodi 
ment of a contact structure in accordance with the present 
invention; 
0030 FIG. 4B illustrates a cross-sectional side view of 
the contact structure shown in FIG. 4A engaging a solder 
ball of a bumped IC die; 
0031 FIG.5A illustrates a top view of a fifth embodiment 
of a contact structure in accordance with the present inven 
tion; 
0032 FIG. 5B illustrates a cross-sectional side view of 
the contact structure shown in FIG. 5A engaging a solder 
ball of a bumped IC die; 
0033 FIG. 6A illustrates a top view of a sixth embodi 
ment of a contact structure in accordance with the present 
invention; 
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0034 FIG. 6B illustrates a cross-sectional side view of 
the contact structure shown in FIG. 6A engaging a solder 
ball of a bumped IC die; 
0035 FIG. 7A illustrates a top view of a seventh embodi 
ment of a contact structure in accordance with the present 
invention; 

0.036 FIG. 7B illustrates a cross-sectional side view of 
the contact structure shown in FIG. 7A engaging a solder 
ball of a bumped IC die; 
0037 FIGS. 8A, 8B, 8C, 8D and 8E illustrate a method 
of forming the contact structure illustrated in FIGS. 1A and 
11B: 

0038 FIGS. 9A and 9B illustrate a method of forming the 
contact structure illustrated in FIGS. 5A and 5B; 

0.039 FIGS. 10A, 10B, 10C and 10D illustrate a method 
of forming the contact structure illustrated in FIGS. 7A and 
7B; 

0040 FIG. 11 is a side elevation of a carrier substrate 
bearing contact pads according to the present invention to 
which flip-chip dice are mounted; and 
0041 FIG. 12 is an enlarged, partial sectional view of a 
portion of FIG. 11, depicting the manner in which variously 
sized conductive bumps or balls are accommodated by the 
contact pads of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.042 Illustrated in FIGS. 1A and 1B is a first embodi 
ment of a contact structure 10 for making engaging contact 
with a bump or solder ball 12 (typically having a diameter 
of 1 um-500 um) attached to a bond pad 16 of an integrated 
circuit (IC) die 14. The solder ball 12 is formed on a 
conventional bond pad 16 in accordance with conventional 
methods, such as the aforementioned C4 technique, or by 
using a wire bonding machine. Specifically in FIG. 1B, the 
bond pad 16, which is used to electrically connect a surface 
mounted IC package to a conductor for input/output (I/O) 
capabilities, is illustrated. The bond pad 16 includes a 
bottom surface 18 which is in electrical connection with 
circuitry (not shown) of the IC die 14. The bond pad 16 also 
includes a planar Surface 20 which is traditionally composed 
of an aluminum alloy layer. It is noted that the IC die 14 may 
be comprised of any one of various known types of semi 
conductor devices, including memories (such as DRAMS, 
SRAMS, flash memories, etc.), microprocessors, applica 
tion-specific integrated circuits (ASICs), digital signal pro 
cessors (DSPs) and the like. 
0043. The contact structure 10 comprises a contact pad 
22 having a conductive trace 23 extending therefrom and a 
plurality of projections 24 that protrude upwardly from the 
substantially planar surface 26 of the contact pad 22 a 
varying height which may range from as little as one 
thousandth to as much as one-quarter the diameter of the 
solder ball 12. Projections 24 are radially oriented about 
central contact area 25 of contact pad 22, which is planar and 
devoid of projections. The variable projection height is 
selected to allow good electrical contact and at the same time 
provide minimum damage to the solder ball 12, and par 
ticularly the center thereof. While the surface of the contact 
pad 22 is illustrated as having a generally rectangular 
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configuration, the contact pad 22 can be configured in a 
variety of shapes and interspersed patterns designed to 
promote an efficient, compact pad layout. The contact pad 22 
is generally composed of aluminum or an aluminum alloy, 
but may include various layers, such as, for example, an 
upper Surface defined by an aluminum alloy layer and a 
lower Surface consisting of a copper alloy layer. The contact 
structure 10 is formed on or attached to a carrier substrate 29 
Such as an FR-4 board, a ceramic Substrate, a silicon 
Substrate, a silicon-on-Sapphire Substrate, a germanium Sub 
strate, or any other Suitable chip carrier structure known in 
the art. In the case of conductive or semiconductor Substrates 
such as Si, an insulator must be formed or applied between 
contact pads 22 and the underlying carrier substrate 29. 

0044 As shown in FIG. 1B, the contact pad 22 includes 
elevated regions or projections 24 on the surface 26 of the 
contact pad 22. The projections 24 are preferably configured 
in a concentric, radially extending and symmetrical pattern 
(as shown in FIG. 1A) to uniformly align and cradle the 
solder ball 12 thereinbetween. The projections 24 can be 
formed on the contact pad 22 using various “additive' 
methods known in the art, such as by molding or layer 
depositing the projections 24 (here seen as radially extend 
ing, triangular or pyramid-like structures) of a conductive 
material through a mask and onto the Surface 26 of the 
contact pad 22. Other additive processes which may be 
employed include depositing the desired materials and pat 
terning using lithography, as known in the art, to form 
desired shapes. Alternatively, “subtractive' techniques, such 
as etching, laser ablation or electrical discharge machining a 
pattern onto the carrier substrate 29 may be used to produce 
the projections in the desired shape, height and pattern, 
following which the conductive traces may be formed by 
techniques known in the art, the conductive material also 
defining the contact pads at the ends of the traces and 
covering the projections. Those skilled in the art will rec 
ognize that numerous other techniques are available for 
forming a Suitable pattern of projections 24 on the Surface 26 
of contact pad 22. Where the projections are formed via 
Subtractive techniques (such as etching or machining), as 
opposed to additive techniques, the projections 24 may 
optionally be defined entirely by the conductive material of 
the contact pad 22 itself applied to the substrate material 
upon which the Subtractive process is used. 

0045 Where additive techniques are employed, the pro 
jections 24 can be formed with any suitable conductive 
material. Such as a conductive epoxy, aluminum, iridium, 
copper, gold, platinum, titanium, tungsten, tantalum, molyb 
denum, or alloys of these metals. Preferably, the selected 
materials will not adhere or transfer material to the solder 
ball. For example, tungsten may be used to form the pro 
jections 24 for some applications, but may not be desirable 
formating with a gold bump as residual tungsten will remain 
on the bump after removal from the contact. It is noted that 
the projections may be formed of one or more layers of 
materials such that the majority of the projection is formed 
from a less expensive material with an outer layer provided 
for good electrical contact and material compatibility to the 
metal ball. If, however, the contact structure of the invention 
is employed to make a permanent connection to the bumps 
of the IC die, then the conductive material selected for 
contact with the bump should be one that chemically and/or 
metallurgically bonds well to metals or alloys used in 

Jun. 14, 2007 

conventional flip-chip bonding techniques, including cop 
per, gold, aluminum, silver and alloys thereof. 
0046. It is also contemplated that projection patterns may 
be formed on the exposed surfaces of contact pad 22 by 
stamping or other mechanical working techniques involving 
neither subtraction nor addition of material to the contact 
pad surface. Further, the contact pads 22 themselves may, in 
Some instances, be integrally formed with a three-dimen 
sional topography on their exposed surfaces, such as by 
deposition of contact pad material from mold cavities having 
a reverse of the intended contact pad surface topography on 
their interiors. 

0047 The non-planar contact surface of the instant inven 
tion provides a contact structure 10 that can engage a solder 
ball 12 without substantially detrimentally deforming the 
solder ball 12. The projections 24 pierce or engage the outer 
surface 30 of the solder ball 12 to ensure good electrical 
contact therewith, as in Some of the aforementioned State 
of-the-art contact or probe structures. However, because the 
projections 24 engage the Solder ball 12 along thin, knife 
like contact edges, the shape envelope of solder ball 12 is 
substantially maintained as the relatively higher force per 
unit area (in comparison to State-of-the-art contacts) and 
results in deeper but cleaner penetration, “slicing rather 
than “pushing into the solder ball 12, thus minimizing 
deformation of the “envelope” of the solder ball. Moreover, 
due to the arrangement of projections 24 and their variable 
height, which increases toward the periphery of the contact 
pad 22, the bottom 28 of the solder ball 12 is not substan 
tially deformed, pitted or gouged as is the case with con 
ventional contact pads. Moreover, gases, organics Such as 
flux, and other contaminants can flow or be vented from the 
center of solder ball 12 when it is heated (reflowed) to 
permanently attach the die to a carrier substrate, the deep but 
narrow ravine-like slices cut by projections 24 providing 
ready paths for Such venting. Moreover, if contact structure 
10 is employed for a permanent connection and reflow is 
effected, venting may readily take place through radial 
passages defined between projections 24 and between the 
outer surface 30 of the solder ball 12 and the planar surface 
26 of contact pad 22, so that contaminants will not become 
trapped between the contact structure 10 and the solder ball 
12. With conventional contact pads, the solder ball 12 would 
require a preliminary reflow prior to permanent connection 
to reshape the Solder ball and to remove gouges and pits 
therefrom. After engagement with the contact structure 10 of 
the present invention, however, such reflow of the solder ball 
12 is not necessary because the solder ball 12 substantially 
retains its pre-engagement shape, a pristine central portion, 
and is not damaged with isolated or closed cavities such as 
gouges or pits. 

0048 FIGS. 2A and 2B illustrate a second embodiment 
of a contact structure 40 made in accordance to the prin 
ciples of the present invention. While the contact structure 
40 also includes a plurality of knife-like projections 42, the 
projections 42 are adjoined to form a frame-like receptacle 
for receiving a solder ball 44 thereinbetween. Each projec 
tion 42 is comprised of a pair of planar, sloping Surfaces 46 
and 48 that form a linear, ridge-like peak 50. Because 
ridge-like peaks define a square and the Solder ball 44 is 
Substantially spherical, gaps or vents are formed between the 
outer surface 52 of the solder ball 44 and the surfaces 46 at 
the corners 54, 56, 58 and 60. Further, the blade-like 
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projections 42 are spaced far enough from the center of 
contact structure 40 that each "slice' made by a projection 
42 lies away from the center of the ball and is open at both 
ends. Whether the contact structures 40 of the present 
invention are permanently engaged with the Solder balls 44 
by a heat-induced reflow or are removed for subsequent 
reflow connections, gases and other contaminants are per 
mitted to flow or vent between the solder ball and contact 
structure. In this embodiment, the contact structure 40 is 
depicted as attached to the tip 62 of a probe needle 64. It 
might, however, be attached to a carrier Substrate made, for 
example, of silicon. Both additive and subtractive methods 
can be used to achieve this configuration. 

0049 FIGS. 3A and 3B illustrate another embodiment of 
a contact structure 70 in accordance with the present inven 
tion. Contact structure 70 is particularly suitable for a 
permanent connection but can be used for temporary con 
tacts as well. It is currently believed by the inventors that 
contact structure 70 may comprise a preferred embodiment 
of the invention. The contact structure 70 is similar to the 
contact structure 40 illustrated in FIGS. 2A and 2B, but 
includes corner gaps 72, 74, 76, and 78 defined by spacing 
trapezoidally shaped, blade-like projections 80, 82, 84, and 
86 a distance apart from one another. The gaps 72, 74, 76, 
and 78 provide passageways through which gases and 
contaminants can flow to prevent trapping of the same 
between the outer Surface 96 of the solder ball 88 and 
contact structure 70. Additionally, the projections 80, 82,84, 
and 86 are positioned sufficiently outward toward the 
periphery 90 of contact pad 92 so that the central, bottom 
portion of solder ball 88 makes little or no deforming contact 
with the central surface 94 of the contact pad 92 itself until 
projections 80-86 have pierced outer surface 96. As solder 
balls 88 on the same die may vary in height by as much as 
fifteen percent (15%), the contact structures of the invention, 
including contact structure 70, accommodate such vari 
ances. For example, a relatively larger solder ball 88 might 
“bottom out on the central surface 94, becoming slightly 
deformed or flattened after penetration of the oxide coating 
and ball outer surface 96, while a relatively smaller solder 
ball 88 might remain suspended above central surface 94. 
good ohmic contact being made in both instances with the 
oxide-free interior of solder balls 88 over the substantial 
surface area of projections 80-86 extending into the balls. 
Good contact between contacts of the invention and all of 
the variously sized solder balls of the IC die may be made 
or enhanced by So-called 'spanking of the die against the 
co-planar contact pads, i.e., vertically oriented movement 
coupled, if desired, with ultrasonic vibrations. This same 
process results in highly accurate planarization of the out 
ermost surfaces of all of the solder balls of a given die or 
wafer (if conducted on a wafer scale). FIG. 11 of the 
drawings depicts a plurality of flip-chip dice 500, or a 
plurality of unsingulated semiconductor dice in other 
embodiments, bearing conductive bumps 502 on active 
surfaces 504 being “spanked against a carrier substrate 506, 
or a wafer-scale Substrate in other embodiments, bearing 
contact pads 508 according to the present invention. FIG. 12 
shows an enlarged portion of a flip-chip die 500 with 
sectioned conductive bumps 502 after the “spanking.” 
wherein the conductive bumps 502 have been cradled and 
aligned by the projections 510 of contact pads 508, projec 
tions 510 then penetrating the exterior surfaces of conduc 
tive bumps 502 without deforming the shape envelope 
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thereof. It should be further noted that the conductive bumps 
502 depicted in FIG. 12 are of different heights, illustrating 
the manner in which the present invention accommodates 
Such differences while still providing good electrical contact 
with all of the conductive bumps 502 and without deforma 
tion of the bump shape envelopes or formation of gouges, 
pits or other cavities in the centers of the conductive bumps 
502 proximate the surfaces of contact pads 508. If the 
left-hand (larger) conductive bump 502, shown in FIG. 12, 
is of great enough height to abut a contact pad when 
“spanked,” the bottom center portion of conductive bump 
502 may be slightly flattened. Thus, as noted above, all 
conductive bumps 502 of a given die or wafer will be 
planarized to a common reference plane, and the force of the 
spanking may be adjusted to ensure Such abutment and 
planarization for a given size or height range of conductive 
bumps 502. 
0050 FIGS. 4A and 4B illustrate yet another embodiment 
of a contact structure 100 according to the present invention. 
The contact structure 100 is comprised of a plurality of 
curved, blade-like projections 102, 104, and 106. Each 
projection may comprise a pair of planar sloping Surfaces 
116, 118 that form a ridge-like peak 117. The projections 
102, 104, and 106 are separated by gaps 108, 110, and 112 
that allow gases and other contaminants to flow from under 
the solder ball 114. It is noted that the depth of penetration 
of the projections 102,104, and 106 into the solder ball 114 
can be controlled by controlling relative vertical movement 
of the contact pad 124 and the bond pad 126. It is desirable 
in this embodiment, as well as others herein described, that 
the projections penetrate the solder ball 114 a sufficient 
distance to pierce an oxidation layer that typically forms on 
the outer surface 128 of the solder ball 114. Penetration of 
the oxidation layer ensures good electrical contact with the 
solder ball 114 by the contact structure 100. As noted above, 
because the projections 102, 104, and 106 penetrate the 
solder ball 114, a device employing several contact struc 
tures 100, all lying in Substantially the same plane, can make 
contact with a plurality of solder balls 114 attached to the 
bond pads 126 of a die 127, even if the relative height of 
each of the solder balls 114 varies. 

0051 Referring now to FIGS. 5A and 5B, the embodi 
ment comprising contact structure 130 includes a plurality of 
relatively small, pyramidal projections 132 and 134 of 
rectangular transverse cross-section. The projections 132 
and 134 are located in inner and outer groups, the larger 
projections 132 being in the outer group and the Smaller 
projections 134 being in the inner group closer to the center 
of contact pad 144. Projections 132 and 134 are positioned 
and have sufficient height for their locations to pierce the 
outer surface 140 of the solder ball 142, such that the rest of 
the solder ball 142 makes little or no substantial, deforming 
contact with the contact pad 144. In addition, the projections 
132, 134 are radially spaced from the center of the contact 
pad 144 to allow seating of the solder ball 142 thereinbe 
tWeen. 

0.052 FIGS. 6A and 6B illustrate yet another embodiment 
of a contact structure 150 in accordance with the present 
invention. The contact structure 150 comprises a first plu 
rality of conically shaped projections 152 Surrounding a 
second plurality of conically shaped projections 154, the 
first and second plurality of conically shaped projections 152 
and 154 being radially spaced from the center of the contact 
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pad 156. The conically shaped projections 152 have a height 
greater than the height of the conically shaped projections 
154 and are sized and positioned to make penetrating contact 
with the outer surface 158 of a substantially spherical solder 
ball 160 without substantially deforming the solder ball 160 
(i.e., deforming the solder ball 160 substantially out of 
round). The contact structure 150 functions in much the 
same way as the contact structure 130 of FIGS. 5A and 5B 
but includes additional projections 152 and 154, which 
provide an increased number of penetrations of the outer 
surface 158 of solder ball 160 for greater ohmic contact with 
the solder ball 160. 

0053 Finally, in FIGS. 7A and 7B, contact structure 170 
provides three levels or heights of knife-like or sharpened 
projections 172, 174 and 176 of trapezoidal, transverse 
cross-section configured to engage the perimeter or outer 
surface 178 of a solder ball 180. The projections 172, 174, 
and 176 are each sized and positioned to penetrate the outer 
surface 178 of the solder ball 180 approximately the same 
distance and thus prevent the solder ball 180 from being 
Substantially deformed and Squeezed by the engaging con 
tact of the projections 172, 174, and 176. 

0054 As previously noted, any of the contact pads herein 
described may be formed by additive, subtractive, or mate 
rial-neutral methods. A preferred method embodiment com 
prises essentially Subtractive formation of the contact pads. 
A carrier substrate blank of a preferred material which 
preferably matches the coefficient of thermal expansion of a 
silicon die is provided. Suitable substrate materials include 
monocrystalline silicon, silicon-on-glass, silicon-on-Sap 
phire, germanium, and ceramics. One or more masks formed 
of an etch resistant material (i.e., a resist) are applied to an 
exposed major Surface of the Substrate blank. The mask may 
comprise a layer of material Such as silicon nitride (SiN). 
typically having a thickness of about 500 A to 6000 A. 
deposited by a Suitable deposition process, such as chemical 
vapor deposition (CVD). The mask is patterned and etched 
selectively to the Substrate to form a hard mask including 
masking blocks patterned to define contact pad projection 
locations and protective of the underlying Substrate blank 
material. A mask layer of (SiNa) may be etched to form 
masking blocks with hot (e.g., 180° C.) phosphoric acid. If 
another material is employed for a mask, other wet or dry 
etches may be suitable. Next, the knife-like or blade-like 
projections of the contact pad are formed using an etching 
process, wherein a wet or dry isotropic or anisotropic, but 
preferably anisotropic, etch process is employed to form the 
projections by undercutting the mask blocks with an etchant 
reacting with the substrate blank material. A mixture of 
KOH and HO may be employed for an anisotropic etch, 
wherein the etch rate is different in different directions. In 
monocrystalline silicon, triangular cross-section, sharp pro 
jections will be formed due to the different etch rates along 
different crystalline orientations. The surface of the sub 
strate, representing the {100} plane of the silicon, will etch 
faster than the sloped sidewalls of the projections represent 
ing the 110 plane. Because of the aforementioned differ 
ences in rate of etching, the side Surfaces of the projections 
will typically be formed at an angle of approximately 54 
relative to a plane defined by the top surface substrate blank. 
Time, temperature and concentration of etchant may be 
altered to modify the exact shape and size of the projection 
Structure. 
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0055. If an isotropic etch (wherein the etch rate is sub 
stantially uniform in all directions) is desired, a mixture of 
HF, HNO and H2O can be utilized. With an isotropic etch, 
sharpened projections may still be formed, but the sidewalls 
of the projections are arcuate and concave. The radius of the 
arc may be controlled by etch parameters including time, 
temperature, and concentration of etchant, and by the width 
of the masking blocks transverse to the longitudinal axis of 
an elongate projection. 

0056. A flat-topped, slope-walled, elongate projection or 
a truncated, pyramidal projection may be formed with an 
anisotropic etch of the previously referenced type by suit 
able expansion of the width of the masking block (square or 
triangular, if a pyramid form is desired). 

0057. A closely spaced array of projections with no 
planar Substrate surface between adjacent projections may 
be formed using an anisotropic etch with a controlled etch 
time and masking block width. 
0058 Alternatively, in place of an isotropic oranisotropic 
etch process, the projections herein described may be 
formed using an oxidizing process. In such a process, the 
Substrate blank may be subjected to an oxidizing atmosphere 
to oxidize exposed portions (i.e., those portions not covered 
by the masking blocks). The oxidizing atmosphere may 
comprise steam and O at an elevated temperature (e.g., 950 
C.). The oxidizing atmosphere oxidizes the exposed portions 
of the substrate blank and forms an oxide layer of, for 
example, silicon dioxide, while sharpened projections of 
unoxidized substrate material (silicon) are defined under the 
masking blocks as the oxidization process undercuts the 
mask material. The oxidized material can then be removed 
to expose the projections by employing a Suitable wet 
etchant, such as HF. 

0059 Subsequent to formation of the sharp, blade-like or 
knife-like projection tips by any of the foregoing methods, 
they may be further sharpened by additional etching. 

0060. Following projection formation, an insulating 
layer, as of SiO, may be formed by exposing the Substrate 
to an oxidizing atmosphere for a short time or, alternatively, 
using a CVD process. 

0061 A conductive layer is then formed over the insu 
lating layer and overlying the areas of the Substrate defining 
contact pad locations with projections extending therefrom. 
The conductive layer may comprise a highly conductive, 
low resistivity metal Such as aluminum (Al), iridium (Ir). 
copper (Cu), titanium (Ti), tungsten (W), tantalum (Ta), 
molybdenum (Mo), beryllium (Be) or alloys of these metals. 
The contact pad/projection areas and conductive traces 
extending from the contact pads may be formed by deposi 
tion of the metal conductor, as by sputter or CVD deposition, 
photopatterning with a positive or negative resist, and etch 
ing with a wet or dry etch process. 

0062. A multiple-layer contact pad and projection met 
allization may also be employed, wherein a bottom or 
Substrate layer of a metal compatible and forming a good 
bond with the substrate material is deposited and then 
covered with another layer which will not form a chemical 
or metallurgical bond with the material of the die ball or 
bump (unless a permanent connection is desired, and which 
is nonreactive to a temperature of up to about 200° C.). 
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0063 A non-metallic conductive layer may be formed of 
a material Such as doped polysilicon. For example, an 
LPCVD process may be used to form a conductive layer of 
phosphorous-doped polysilicon. 

0064. As an alternative to subtractive projection forma 
tion, the contact structures of the present invention may be 
formed by a deposition process to selectively deposit pro 
jections onto a contact pad Surface previously formed on the 
exposed substrate. For example, a CVD process can be used 
to deposit a metal onto the contact pad, the metal being the 
same or a different metal than that comprising the contact 
pad. 
0065. By way of further explanation of the subtractive 
methodology of the present invention, formation of the 
projections of several embodiments of the contact pads will 
be briefly described with respect to several series of drawing 
figures. 

0.066 Referring to FIGS. 8A through 8E, the radial, 
triangular projections 24 of the contact structure 10 of FIGS. 
1A and 1B may be formed through use of a series of 
triangular masks. Commencing with FIGS. 8A and 8B, 
respectively being top and end views of a projection 24 in 
formation, an elongated trapezoidal, Substantially triangular 
mask 200 is formed or placed on a silicon substrate blank 
202. An anisotropic etch as previously described is per 
formed, resulting in a projection body 204 having a point 
206 at the narrow end of the mask 200 from undercutting 
thereof by the etchant, while the wide end of the mask 200 
covers a flat mesa top 208 on the projection body 204. Next, 
a shorter, narrower mask 200' is formed over projection 
body 204, and another anisotropic etch performed. This will, 
by etching into the substrate blank 202, cause projection 
body 204 to increase in relative height, and the point 206 to 
become finer and more needle-like (compare FIGS. 8C, 8D, 
8E). This process is repeated with a third (and subsequent) 
mask(s) 200", as required, until a sloping knife-edge 210 is 
created to extend longitudinally along Substantially the 
entire length of projection body 204 to define projection 24, 
with knife-edge 210 beginning at the surface of substrate 
blank 202 at the narrow end of projection body 204 at what 
will become, after metallization, the surface of a contact 
structure 10, to the highest point of projection body 204. An 
oxidation process, with a similar series of masks, may also 
be employed in lieu of an etch process. 
0067 FIGS. 9A and 9B depict formation of projections 
132 of contact structure 130 of FIGS.5A and 5B, projections 
134 being omitted for clarity, although formed in the same 
manner. Rectangular masking blocks 300 are formed at 
appropriate locations and spacings on silicon Substrate blank 
302. An anisotropic etch is then performed, as described 
above, until projections 132 of desired height are formed. An 
oxidization process, as described above, may also be 
employed in lieu of an etch process. 
0068 FIGS. 10A through 10D depict formation of the 
projections 172-176 of FIGS. 7A and 7B, two facing sets of 
such varied-level projections only being illustrated for clar 
ity. A first set of masks 400 is formed on silicon substrate 
blank 402, and an anisotropic etch performed, commencing 
formation of the bodies of outermost, highest projections 
172. A second set of masks 400' is then formed inwardly of 
masks 400, and another anisotropic etch performed to con 
tinue definition of projections 172 and initiate formation of 
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intermediate projections 174. A third set of masks 400" is 
then formed inwardly of masks 400' and a third anisotropic 
etch performed to form knife-edged innermost projections 
176 and to complete the formation and sharpening of 
projections 174 and 172. If the masks for the two sets of 90° 
rotationally offset projections 172-176 have spaces left 
therebetween at corners as defined by adjacent ends of 
mutually transverse projections 172-176, vent gaps as 
shown in FIG. 7A will be created. Again, an oxidization 
process may be employed to form projections 172-176 in 
lieu of an etch process. 
0069. If another substrate material, such as FR-4, is 
employed, dry etches may be employed to form the projec 
tions of the present invention. 
0070 Further, if one side of a projection is to be sloped 
while the other is substantially transverse to the substrate, an 
anisotropic etch may be performed to form facing sloped 
walls on the interior of a window defined in a mask, and then 
the etched window area masked to protect the sloped walls 
while an isotropic etch is performed about the periphery of 
the window. 

0071 While the various shapes, sizes and configurations 
of projections have been illustrated by specific embodi 
ments, those skilled in the art will appreciate that various 
other shapes, sizes, and configurations of projections may 
form a contact structure without departing from the spirit of 
the invention or the scope of the appended claims. Thus, 
because variation of shapes, sizes and configurations for the 
projections could be employed, the projections illustrated 
herein are merely exemplary. Any shape, size and configu 
ration may be employed, so long as the contact structure 
decreases or substantially eliminates deformation of the 
shape envelope of an associated Solder ball or bump upon 
engagement with the contact structure and avoids the for 
mation of closed or isolated cavities (gouges, pits) on the 
center of the solder ball adjacent the contact structure. It is 
also noted that different materials from those Suggested may 
be selected for the contact pad and for the projections. Such 
materials may adapt the contact structure to effectively 
engage different types of solder balls depending on whether 
a temporary or permanent connection is desired. 
0072. In addition, the contact structure of this invention 
can be used to interconnect any semiconductor device 
having bumped bond pads with other external circuitry, 
using any known or conventional bumped die attach tech 
niques. For example, the contact pads can be used to 
improve the connection between a flip-chip or bumped die 
and a probe card, test head or other temporary contact, or to 
a permanent chip carrier, such as a PCB or other carrier 
Substrate. Thus, the contact structures according to the 
present invention can be utilized to make contact with 
bumped dice to characterize the same as known-good-die 
(KGD), to test chip seal packages, to make temporary 
connections for other testing purposes, or to make perma 
nent connections to external circuitry Such as that contained 
in a PCB. For temporary or permanent connections, a carrier 
Substrate may be made of ceramic, silicon, fiberglass, or 
other suitable materials, as previously noted. If it is desired 
to simultaneously probe all the dice of a wafer, a wafer-sized 
test head may be fabricated using the techniques previously 
discussed herein. 

0073. It is noted that the term “solder ball” as herein used 
is intended to be a generic term to describe the bumps of a 
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bumped semiconductor device and is not intended to limit 
the material comprising the bumps to traditional tin/lead 
solder. The solder balls may be comprised of gold, alumi 
num or any other Suitable conductive material known in the 
art. Preferably, the projections are formed of a harder 
material than the material of the solder ball to enhance 
penetration of the latter. 
0074 While the contact structures of the present inven 
tion have been described in terms of various preferred 
embodiments, it is understood that other forms could be 
adopted by one skilled in the art. Additionally, methods or 
techniques of forming the contact structures could differ 
from those Suggested. Accordingly, it is understood that the 
Scope of the invention is not to be limited except as 
otherwise set forth in the claims. 

What is claimed is: 
1. A contact structure for making electrical contact with a 

deformable conductive bump, the contact structure compris 
ing a contact pad including a plurality of non-planar Surfaces 
Substantially radially oriented about a central planar area, the 
plurality of non-planar Surfaces including conductive 
regions thereon and elongated elements exhibiting longitu 
dinally extending Substantial knife edges. 

2. The contact structure of claim 1, wherein at least a 
portion of each of the longitudinally extending Substantial 
knife edges lies at an acute angle to a surface of the central 
planar area. 

3. The contact structure of claim 2, wherein the longitu 
dinally extending Substantial knife edges extend from the 
Surface of the central planar area and increase in elevation 
radially away therefrom. 

4. The contact structure of claim 3, wherein each of the 
plurality of non-planar Surfaces is Substantially identical in 
configuration and dimensions. 

5. The contact structure of claim 1, wherein each non 
planar Surface is configured to make penetrating contact 
with a portion of an exterior surface of the deformable 
conductive bump. 

6. The contact structure of claim 5, wherein the plurality 
of non-planar Surfaces comprises a cradle for centralizing 
the deformable conductive bump over the central planar area 
prior to the penetrating contact. 

7. The contact structure of claim 1, wherein the contact 
pad is conductive, and further comprising a substrate Sup 
porting the contact pad. 

8. The contact structure of claim 7, further comprising an 
insulating material interposed between the conductive 
regions of the plurality of non-planar Surfaces and the 
substrate. 

9. The contact structure of claim 8, wherein the plurality 
of non-planar Surfaces and the contact pad comprise con 
tiguous conductive surfaces, and the insulating material 
comprises an insulating layer interposed between the Sub 
strate and the conductive regions. 

10. The contact structure of claim 9, wherein the plurality 
of non-planar Surfaces comprises material of the Substrate, 
and the conductive regions comprise a layer of conductive 
material disposed over the substrate. 
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11. The contact structure of claim 7, wherein the plurality 
of non-planar Surfaces comprises conductive material 
deposited over the contact pad. 

12. The contact structure of claim 7, further including a 
conductive trace extending from the contact pad. 

13. The contact structure of claim 1, wherein the elon 
gated Substantial knife edges lie in Substantially parallel 
relationship to the central planar area. 

14. The contact structure of claim 13, wherein the plu 
rality of non-planar Surfaces is arcuate and Substantially 
defines a circle about the central planar area. 

15. The contact structure of claim 14, wherein ends of the 
elongated elements are in adjacent, non-abutting proximity. 

16. The contact structure of claim 13, wherein the plu 
rality of non-planar Surfaces substantially bounds the central 
planar area. 

17. The contact structure of claim 1, wherein the plurality 
of non-planar Surfaces is arranged in a plurality of groups 
about the central planar area, each non-planar Surface of 
each of the plurality of groups lying a different distance from 
a center of the central planar area. 

18. The contact structure of claim 17, wherein the plu 
rality of non-planar Surfaces of each group lies at Substan 
tially the same distance from the center as other non-planar 
Surfaces of the same group. 

19. The contact structure of claim 17, wherein each 
non-planar Surface of each of the plurality of groups extends 
above the central planar area a different distance than each 
non-planar Surface of any other group of the plurality of 
groups. 

20. The contact structure of claim 17, wherein the plu 
rality of non-planar Surfaces comprises elongated elements 
exhibiting elongated knife edges and having ends proximate 
other non-planar Surfaces of the same group of the plurality 
of groups. 

21. The contact structure of claim 17, wherein the plu 
rality of groups increases in height above a surface of the 
central planar area with increased distance from the central 
planar area. 

22. The contact structure of claim 17, wherein the plu 
rality of non-planar Surfaces comprises Substantially sym 
metrical, pyramidal or conical elements extending above the 
central planar area. 

23. The contact structure of claim 22, wherein the plu 
rality of groups increases in height above a surface of the 
central planar area with increased distance from the central 
planar area. 

24. The contact structure of claim 1, further comprising a 
test probe tip supporting the contact pad. 

25. The contact structure of claim 1, wherein the contact 
pad comprises a plurality of contact pads arranged on a 
wafer-scale Substrate for simultaneous contact with a plu 
rality of unsingulated semiconductor dice fabricated on a 
semiconductor wafer. 


