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57 ABSTRACT 
An interconnect structure for connecting an integrated 
circuit (IC) chip to a supporting substrate is described. 
The supporting substrate serves to communicate signals 
between the IC chip and the "outside world,” such as 
other IC chips. In one embodiment, the interconnect 
structure comprises an interconnect substrate having a 
first post disposed on one of its surfaces and a second 
post disposed on another of its surfaces. One post is for 
contacting the IC chip and the other is for contacting 
the major substrate. Each post comprises an elongated 
body having top and bottom ends, with the bottom end 
being mounted to one of the substrate surfaces and the 
top end having a substantially flat surface which is sub 
stantially co-planer with the substrate surface. The in 
terconnect substrate further comprises a device for 
de-concentrating the mechanical stain present at one or 
both of the top and bottom ends of each post. The first 
and second posts are electrically coupled to one anther 
so that an electrical signal may pass from IC chip to the 
supporting substrate, and vice-versa. 

25 Claims, 13 Drawing Sheets 
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WIRE INTERCONNECT STRUCTURES FOR 
CONNECTING AN INTEGRATED CIRCUIT TO A 

SUBSTRATE 

FIELD OF THE INVENTION 

The present invention relates to interconnect struc 
tures for electrically and mechanically connoting an 
integrated circuit (IC) chip to a supplying substrate, 
which serve to communicate signals between the IC 
chip and the "outside world,' which may be other IC 
chips or other external devices, and to supply power to 
the IC chip. Additionally, the present invention relates 
to methods for constructing such interconnect struc 
tures. 

BACKGROUND OF THE INVENTION 

Various means of electrically and mechanically con 
necting, or coupling, an integrated circuit to a support 
ing substrate, or major substrate, are known. A common 
means used for this purpose are solder bumps disposed 
on the IC chip and the supporting substrate in a corre 
sponding relationship such that their surfaces are paral 
lel. An example of this is the Controlled Collapsed Chip 
Connection process, which is abbreviated as the “C4' 
or “C” process. The chip may be mounted to the sup 
porting substrate such that the active surface of the 
chip, i.e., the structure which has the integrated compo 
nents, faces away from the substrate or faces towards 
the substrate (“flip-chip'). In the first case, the signal 
and power lines from the active surface of the chip are 
brought to the periphery of the chip, and then con 
nected to the supporting substrate by wirebonds or 
TAB circuits. In the latter case of a "flip-chip' orienta 
tion, conductive pads on the active surface of the IC 
chip contact solder bumps on the supporting substrate. 
Flip-chip bonding generally permits a greater quantity 
of interconnects per chip than other bonding ap 
proaches. The IC chip is bonded to the supporting sub 
strate and held together by the fusing of corresponding 
solder bumps. The dimensions of such a solder bump are 
typically 3.2 mils (80 microns) high and 5 mils (125 
microns) in diameter. In bonding, two opposing solder 
bumps are brought into registration and fused together 
to form a single solder bump spanning between the IC 
chip and the major substrate. The aspect ratio of the 
fused solder bump, i.e., the height of the structure di 
vided by its width (diameter), is low, ranging between 1 
and 2. 
Each of the solder-bump connections must be able to 

withstand the mechanical sheafing stresses that are de 
veloped by temperature fluctuations and the difference 
in thermal expansion coefficients between the IC chip 
and the supporting substrate during operation of the IC 
chip. Specifically, when the IC chip and the supporting 
substrate are exposed to elevated temperatures, they 
will expand at different rates and to different dimen 
sions, thereby inducing mechanical stresses in the solder 
bump connections. After many thermal cycles and/or 
large changes in temperature, the fused solder bumps 
will begin to fatigue and develop cracks. This lowers or 
destroys the electrical conductivity of the fused solder 
bumps. The cracking usually occurs at the comers of 
the bases, or ends, of the fused solder bump. The crack 
ing is exacerbated by the low fatigue resistance of sol 
ders typically used in IC manufacturing and the low 
aspect ratio of the fused solder bumps. With regard to 
the latter aspect, the rigidity of the fused solder bumps 
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2 
increases as the aspect ratio decreases, thereby lowering 
the amount of distance the midsection of the fused 
bumps may flex in order to absorb the applied stresses. 
To reduce the thermal stresses, the IC chip and sup 

porting substrate are often constructed from materials 
having closely matched expansion coefficients so that 
they expand to substantially the same dimensions when 
exposed to an elevated temperature. However, thermal 
stresses are still generated each time the IC chip is 
"powered-up.” When the chip is "turned on,' a large 
transient temperature difference between the IC chip 
and the supporting substrate develops until the tempera 
ture of the supporting substrate reaches a temperature 
near that of the IC chip. Thus, with the high tempera 
tures and power cycling common for high performance 
computer chips, solder bumps crack and become me 
chanically and electrically unreliable even when the IC 
chip and the supporting substrate have closely matched 
thermal expansion coefficients. This will become a 
greater problem in the future as computers are designed 
to dissipate more power in smaller volumes, thereby 
leading to greater thermal stresses. 
One approach to addressing the fatigue problems of 

fused solder bumps is the Bonded Interconnect Process 
(BIP). The BIP process uses a gold (Au) bonding mate 
rial, which is less easily fatigued, and provides a struc 
ture which has a larger aspect ratio, typically 4-8. (The 
aspect ratio is generally defined as the height divided by 
the width of the structure.) To form one BIP connec 
tion, a gold ball is formed on a pad of the IC chip, with 
a gold pin-like structure extending outward from the 
top of the gold ball. The gold ball and pin-like structure 
are formed in the same process by a thermal compres 
sion bonder, which has a hollow tip end. To form the 
ball and pin, the tip of the thermal compression bonder 
is placed in contact with the IC chip pad, the gold ball 
is smashed onto the pad to form the bond and the 
bonder tip is retracted from the surface to expose the 
wire, which is then cut to the desired length. The gold 
pin is brought in contact with a molten solder bump on 
a supporting substrate to form the BIP interconnect. At 
this point, the solder is flowed around the gold to form 
a solid mechanical connection. Generally, the gold ball 
and pin are intended to remain solid, i.e., to not fuse 
with, or melt into, the solder bump. The gold pin acts as 
a "stand-off” spacer between the IC chip and the sup 
porting substrate, thereby increasing the aspect ratio of 
the BIP interconnect. However, under some conditions, 
the gold can dissolve into or react with the solder, 
which would weaken the holding capability of the sol 
der. Gold-tin intermetallic compounds will also embrit 
tle the joint. 
Although the BIP process increases the reliability of 

the interconnect by having a higher aspect ratio and 
using gold at one end of the interconnect, the BIP pro 
cess has a number of drawbacks which limit its use for 
IC chips having a large number of interconnects to the 
supporting substrate. First, the BIP process is an “inva 
sive' process since the tip end of the compression 
bonder makes contact with, and actually compresses 
against, the IC chip. This places a substantial mechani 
cal force against the IC chip which can destroy any 
active circuitry, such as transistors, underlying the pad 
on which the tip end makes contact. (The pad is large 
enough that the pad itself is not destroyed.) For low 
density integrated circuits (e.g., LSI), the active cir 
cuitry can be arranged such that the I/O pads do not 
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overlay any active circuitry. However, for high density 
integrated circuits (e.g., VLSI and ULSI) used in high 
performance computers, I/O pads often overlay active 
circuitry. In some applications, the gold balls and pins 
are compressed onto the supporting substrate. Often 
times, the supporting substrate also has circuitry which 
can be damaged by the thermo-compression bonder. 
As a second disadvantage, the number of intercon 

nects required for a high density device is large so that 
the number of BIP bonds required is similarly large. 
Each time a bond is made, i.e., the compression bonder 
contacts and compresses the chip, there is a risk of 
damage or fatigue. This risk multiplies with the number 
of bonds, thus reducing the yield of the BIP process. In 
view of the above two disadvantages, the BIP process 
in its currently used form is not compatible with many 
high-density IC chips. Further to this point, it is ex 
pected that the number of I/O pads per chip will con 
tinue to increase. 
As a third disadvantage of the BIP process, the maxi 

mum number of BIP gold balls that can be formed cur 
rently is approximately 3 per second. With the current 
number of average I/O pads for typical ULSI circuits 
now approaching 500, it will take one thermo-compres 
sion bonder approximately 3 minutes to prepare one IC 
chip for bonding to the supporting substrate. In the 
future, it is expected that computer-system require 
ments will increase the number of I/O pads to well over 
1000. This would increase the BIP preparation time to 
well over 5 minutes per single IC chip. Additionally, 
the number of IC chips requiting BIP connections for a 
high performance computer system is expected to grow 
from approximately 100 to well over 1000. These future 
trends raise concerns as to whether the BIP process can 
still be commercially feasible for manufacturing high 
performance computer systems. 
As a fourth disadvantage of the BIP process, the gold 

can dissolve into the solder during the heat contacting 
process, which can significantly weaken the holding 
capability of the solder due to the formation of inter 
metallic compounds. The weakening reduces the reli 
ability of the BIP interconnects and the reliability of 
systems using large numbers of BIP interconnects. 
Another approach to addressing the fatigue problem 

of fused solder bumps is the UNIAXTM contact sys 
tem. The UNIAX contact system is directed towards 
addressing the above-described disadvantages of the 
BIP process. In the UNIAX system, a plurality of cylin 
drical interconnect pins are held in a sheet of polymer 
film. Each interconnect pin is placed in a hole in the film 
such that its axial direction is held perpendicular to the 
film surface. The film is almost as thick as the axial 
length of the pin (100-200 microns). Each film hole 
holds its corresponding pin at the middle of its axial 
length such that a small and equal amount of the pin 
protrudes from either surface of the film. To intercon 
nect the IC chip with the supporting substrate, the film 
is interposed between the chip and substrate, and the 
chip and substrate are lightly pressed together. The 
UNIAX pins are aligned to corresponding pads on both 
the chip and the substrate, and solder is used to mechan 
ically couple the pins to the chip and substrate. Before 
contacting, the solder is deposited on each of the sub 
strate and chip by any of the following means: evapora 
tion through a shadow mask; defining a mask with 
photo-lithography followed by electroplating; metal 
lift-off; or stenciling or silkscreening a solder paste. 
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4. 
Although the UNIAX system has been successful at 

addressing some of the disadvantages of the Cand BIP 
processes and, in theory, can provide a large number of 
interconnects, it also has drawbacks which limit its use 
for large numbers of interconnects. The aspect ratio of 
the UNIAX pins is on the order of 1 to 2. This creates 
a very stiff connection that will not flex under normal 
operating conditions. Any mismatch in thermal strain 
will put the UNIAX pin under stresses capable of caus 
ing the bond to fail. There is a tendency for the polymer 
film to limit the flexing of the UNIAX posts during 
thermal expansion and contraction. As a result, the 
mechanical sheer induced by thermal cycling are trans 
ferred to the solder joints at either end of each UNIAX 
pin, rather than being distributed along the axial direc 
tion of the pins. As a result, the UNIAX system may 
exhibit a reliability no better than that of the C4 solder 
bump process. A solderless pressure joint is possible 
with the UNIAX pin. The resistance of this type of 
contact is, however, unacceptably high in some cases. 

In addition to these disadvantages, the C, BIP, and 
UNIAX interconnect systems require large bonding 
pad areas on the IC chip and/or the substrate, usually 
100 um or more on a side or 100 um or more in diame 
ter. The large pad areas not only limit the number of 
interconnects that can be made to the chip and substrate 
but increase the parasitic capacitance of the intercon 
nect. As is known in the semiconductor art and circuit 
board art, the amount of parasitic capacitance of a pad 
is proportionally related to its area, and the speed at 
which the interconnect can transmit electrical signals 
decreases with increasing parasitic capacitance. The 
current trends in high performance computer systems 
are towards increasing the density of chip interconnects 
and speed of electrical communications. These trends 
raise concerns as to whether the C, BIP, and UNIAX 
approaches can still be used for manufacturing high 
performance computer systems. 

Presently, there is a need for a high density, high 
speed interconnect structure whose characteristics 
match or exceed the non-invasive bonding of fused 
solder bumps and the higher mechanical and electrical 
reliability of BIP, and which can be easily manufactured 
with low parasitic capacitance, such that several hun 
dred to several thousand interconnects can be made 
from a one centimeter square chip to a supporting sub 
strate. The present invention is directed to filling this 
need. 

SUMMARY OF THE INVENTION 

The present invention recognizes that these problems 
experienced in the prior art may be addressed by an 
interconnect structure having a substrate with a plural 
ity of electrically conductive posts mechanically 
mounted vertically to the surface of the supporting 
substrate. The present invention further recognizes that 
the effects of thermal mechanical stress may be reduced 
by having a large aspect ratio for each post and by 
having means disposed at one or both ends of each post 
for de-concentrating the mechanical stress and strain 
developed along the body of the post. The present in 
vention further recognizes that the substrate may be the 
supporting substrate or may be an intermediate sub 
strate which is interposed between the IC chip and a 
major supporting substrate. In the latter case, electri 
cally conductive posts are disposed on both surfaces of 
the intermediate interposer substrate. Additionally, the 
present invention recognizes that such a structure is 
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more reliable than the Cand UNIAX processes and has 
the potential of being mass produced at costs lower than 
those associated with the BIP process. 

Broadly stated, the present invention encompasses a 
wire interconnect structure for electrically coupling a 
substrate to an integrated circuit chip and methods for 
constructing the wire interconnect structure. The wire 
interconnect structure of the present invention com 
prises an electrically conductive post disposed on a 
surface of the substrate for making contact to the inte 
grated circuit. The post comprises an elongated body 
having a bottom end and top end thereof, the bottom 
end being mounted on the surface of the substrate. The 
wire interconnect structure further comprises means at 
either or both of the bottom and top ends for de-concen 
trating the mechanical stress developed along the body 
of the post. 

In one embodiment of the present invention, the top 
end of the post has a substantially flat surface which is 
substantially co-planer with the surface of the substrate. 
In another embodiment of the present invention, the 
stress deconcentration means reduces the mechanical 
stress present at the bottom end of the post and com 
prises a solder fillet disposed along the peripheral edge 
formed around the bottom end of the post next to the 
substrate surface. In another embodiment of the present 
invention, the stress de-concentration means reduces 
the mechanical stress present at the top end of the post, 
where it couples to the IC chip, and preferably com 
prises means disposed near the top end of the post for 
limiting the flow of solder from the opposing solder 
bump of the IC chip. This aids in preventing the solder 
bump from coating the post, which would decrease the 
aspect ratio of the post and increase the thermally 
induced mechanical stresses. In a further embodiment of 
the present invention, the body of the post comprises a 
tapered shape with the bottom end being smaller than 
the top end, which aids in aligning the post to the IC 
chip and, in combination with solder fillets disposed at 
the bottom end, de-concentrates stress at the ends of the 
post. 

Additionally, the present invention encompasses 
methods for making these embodiments of the wire 
interconnect structure according to the present inven 
tion. 

Accordingly, it is an object of the present invention 
to provide an electrical interconnect between an inte 
grated circuit chip and a supporting substrate which has 
low capacitance, high mechanical strength, high resis 
tance to thermally induced strain, and high reliability. 

It is another object of the present invention to pro 
vide an array of interconnects between an integrated 
circuit chip and a supporting substrate having a high 
interconnect density. 

It is still another object of the present invention to 
provide an array of wire interconnects which may be 
coupled to the integrated circuit chip without invasive 
bonding techniques and with a minimal possibility of 
damaging the integrated circuit chip. 

It is yet another object of the present invention to 
provide an array of interconnects disposed on a sup 
porting substrate or interposer substrate which may be 
manufactured at the same time other such arrays are 
manufactured, thereby lowering the bulk manufactur 
ing costs and raising the bulk manufacturing volume. 

It is still another object of the present invention to 
provide an interconnect structure between an inte 
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6 
grated circuit chip and a supporting substrate which 
aids in the alignment of the chip to the substrate. 

It is yet another object of the present invention to 
increase the manufacturing yields of interconnect struc 
tures according to the present invention by providing 
interconnect structures which are self-aligned to oppos 
ing solder bumps during soldering operations by the 
surface energy of the molten solder bumps. 
These and other objects of the present invention will 

become apparent to those skilled in the art from the 
following detailed description of the invention, the 
accompanying drawings, and the appended claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric view of a first embodiment of 
the wire interconnect structure according to the present 
invention. 

FIG. 2 is a cross-sectional view of the wire intercon 
nect structure of FIG. 1 taken along a vertical plane 
passing through the line 2-2 shown in FIG. 1. 

FIG. 3 is a cross-sectional view of the wire intercon 
nect structure of FIG. 1 taken along a vertical plane 
passing through the line 2-2 shown in FIG. 1 and 
showing the contact of an integrated circuit chip to the 
wire interconnect structure of FIG. 1. 

FIG. 4 is an isometric view of an array of the wire 
interconnect structure shown in FIGS. 1 and 2. 

FIG. 5 is a cross-sectional view of a second embodi 
ment of the wire interconnect structure according to 
the present invention. 
FIGS. 6A-6D are a flow diagram of a method of 

constructing the first and second embodiments of the 
present invention. 
FIGS. 6A-1 through 6A-5, FIGS. 6B-1 through 6B-3, 

FIGS. 6C-1 through 6C-3, and FIG. 6D-1 collectively 
show a sequence of cross-sectional views of two inter 
connect structures according to the present invention at 
various stages of construction according to the flow 
diagram shown in FIGS. 6A-6D. 

FIG. 7 is a cross-sectional view of an additional em 
bodiment of the wire interconnect structure according 
to the present invention. 
FIGS. 8A-8C are a flow diagram of a method of 

constructing the embodiment of the present invention 
shown in FIG. 7. 
FIGS. 8A-1 through 8A-4, FIGS. 8B-1 through 8B-4, 

and FIGS. 8C-1 through 8C-4 collectively show a se 
quence of cross-sectional views of an interconnect 
structure according to the present invention at various 
stages of construction according to the flow diagram 
shown in FIGS. 8A-8C. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 is an isometric view of a first embodiment of 
the wire interconnect structure according to the present 
invention, which has been given the general reference 
designation 10. Wire interconnect structure 10 is for 
electrically and mechanically coupling a substrate 12 to 
an integrated circuit (IC) chip 70, as shown in FIG. 1. 
Interconnect structure 10 may be used to couple an 
electrical signal between substrate 12 and IC chip 70 to 
supply power to IC chip 70. Structure 10 comprises 
substrate 12 and an interconnect column 15, which 
includes an electrically conductive post 14 disposed on 
a first surface 13 of substrate 12. Post 14 is for making 
contact to integrated circuit chip 70 and comprises an 
elongated body 16, a bottom end 17, and a top end 18. 
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Bottom end 17 is mounted on surface 13 of substrate 12. 
Post 14 preferably comprises a metallic material, such as 
copper, nickel, cobalt, gold, or palladium. In a preferred 
embodiment of the present invention, the material of 
post 14 comprises copper. 

In a preferred embodiment of the present invention, 
top end 18 has a substantially flat surface which is sub 
stantially co-planer with surface 13. Also in a preferred 
embodiment, the body 16 of each post 14 of structure 10 
is substantially circular in a cross-sectional plane co 
planer with the surface of its top end 18. Additionally, 
each of top end 18 and bottom end 17 is substantially 
circular in cross-section. Also, the aspect ratio of post 
14, i.e., the ratio of its length in the direction of elonga 
tion to the diameter of the circular cross-section at its 
bottom end 18, is preferably greater than 3.5 and is in 
the range of 4 to 8. 

In one embodiment of the present invention, post 14 
has a base diameter of ~ 10 microns, a top diameter of 
~ 15 microns, an average diameter of ~ 12.5 microns 
and a height in the range of 40 microns to 80 microns, 
for example 60 microns (aspect ratio of 6). These dimen 
sions provide the largest aspect ratio that can presently 
be easily and reliably manufactured with the process 
steps described below. The height of 40 microns to 80 
microns is much shorter than conventional chip-to-sub 
strate wire connections and provides a much lower 
inductance, on the order of 42 pH or less. In compari 
son, a BIP interconnect has an inductance of ~250 pH. 
A Cinterconnect has a comparable inductance of ~50 
pH but, as indicated above, has a low aspect ratio which 
contributes to its fatigue failure rate. 

In a preferred embodiment of the present invention, 
interconnect column 15 further comprises a base pad 20 
disposed between surface 13 and bottom end 17 of post 
14. Base pad 20 is mounted to surface 13, and bottom 
end 17 of post 14 is mounted to base pad 20. Preferably, 
base pad 20 comprises a metallic material, such as cop 
per, nickel, cobalt, gold, or palladium. As described 
below in greater detail, base pad 20 facilitates the con 
struction of post 14 by electroless or electrolytic plat 
ing, and preferably the top layer of base pad 20 com 
prises the same material as that of post 14. 
As an option, interconnect structure 10 may include a 

wire trace 50 on surface 13 for connecting an electronic 
signal present within substrate 12 to wire interconnect 
column 15. This signal may, for example, be generated 
by circuitry within substrate 12 or connected to sub 
strate 12 by another interconnect structure. Trace 50 is 
electrically coupled to base pad 20 of interconnect col 
umn 15 and, in turn, to post 14. As an equivalent, a via 
in substrate 12 may be used. 
To communicate the signal present on trace 50 to 

circuitry on integrated circuit chip 70, post 14 is electri 
cally and mechanically connected to integrated circuit 
70 via a bump 80 of reflowable and electrically conduc 
tive material. (The term "connecting' used herein is 
intended to have the breadth of the term “coupling' 
and to mean all means by which elements such as post 
14 and chip 70 may be electrically coupled and/or me 
chanically coupled to one another. For example, electri 
cally connecting is intended to encompass a direct wire 
connection as well as a capacitive coupling between 
post 14 and IC chip 70, which may be provided by an 
element electrically and mechanically coupled between 
the two.) In one preferred embodiment of the present 
invention, bump 80 comprises a solder material, which 
is defined as a material which may be reflowed repeat 
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8 
edly and at a relatively low temperature in comparison 
to the melting temperature of post 14. Exemplary solder 
materials include, but are not limited to, lead, tin, in 
dium, gallium, bismuth or any feasible alloy thereof. Of 
these, indium, indium alloys, bismuth and bismuth al 
loys are preferred because they have excellent mechani 
cal properties, good elasticity at low temperatures (e.g., 
-70 C.), and low propensity to emitting alpha particle 
radiation which could interrupt the operation of chip 70 
or destroy some of the circuitry on chip 70. 

In another preferred embodiment of the present in 
vention, bump 80 comprises a conductive polymer ma 
terial. Exemplary conductive polymer materials in 
clude, but are not limited to, conductive elastomers, 
metal-filled thermoplastics (randomly loaded), metal 
filled epoxy resins such as silver-filled resins, metal 
filled polyimides and epoxy-polyimides, conductive 
Silicone-based materials, metal-coated compliant plastic 
spheres, and "Z-axis conductive' adhesives, elastomers 
and plastics. The use of such conductive polymers has 
the following advantages. First, a solder flux or "tack 
bond' would not be required to attach the wire inter 
connect structure to its corresponding chip or substrate, 
as is often the case with solder materials. Second, a 
reducing atmosphere would not be required in the 
bonding procedure for many of these polymer materi 
als. Both of these advantages reduce the complexity of 
the bonding equipment and may be more environmen 
tally acceptable. Third, those polymers having low 
elastic moduli can be used to absorb thermally induced 
strain and stress. Fourth, for many of these polymers, 
the distance which the polymer creeps up the post by 
wicking action (i.e., capillary action) is small and may 
be readily controlled. Fifth, many of these materials do 
not have adverse chemical reactions with copper and, 
therefore, do not require a protective nickel coating 
over the copper material. 

In one embodiment of the present invention in which 
bump 80 comprises a solder material, bump 80 is ini 
tially hemispherical in shape, having a diameter of 25 
microns and a height of 5 microns. Bump 80 is disposed 
on a metallic pad (shown in FIG.3 at 75) on the surface 
of chip 70. The pad is preferably circular with a diame 
ter of ~25 microns. In those embodiments of the pres 
ent invention in which bump 80 comprises a conductive 
polymer material, bump 80 may have roughly similar 
initial dimensions. With these bump dimensions, the pad 
area is approximately 500 um2, which is more than 15 
times smaller than the pad areas currently used for C, 
BIP, and UNIAX interconnects. As a result, the para 
sitic capacitance associated with the pad for intercon 
nect column 15 is roughly an order of magnitude less 
than that for C4 and BIP interconnects (~ 16 fif versus 
~ 160 fr). It may therefore be appreciated that the 
structure of interconnect column 15 enables smaller pad 
sizes to be used, which enables more interconnects per 
IC chip at higher signal transmission rates. 
To couple post 14 to bump 80, both post 14 and bump 

80 are heated to a temperature which causes the mate 
rial of bump 80 to become reflowable, in the case of a 
solder material, or pliable, in the case of a polymer 
material. Post 14 preferably comprises a material having 
a higher melting or reflow temperature point than the 
material of bump 80. During this heating process, chip 
70 and substrate 12 are brought in close proximity to 
one another such that bump 80 makes contact with top 
end 18 of post 14. Light pressure, on the order of the 
weight of integrated circuit chip 70 (for example less 
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than 0.5 N/cm2), is applied between substrate 12 and 
chip 70 during the contact process. Preferably, the heat 
ing process is performed in a forming gas atmosphere, 
such as 4% to 10% hydrogen in nitrogen, at a tempera 
ture exceeding the melting point of the material of bump 
80. Once the melting temperature of the material of 
bump 80 is reached, bump 80 begins to reflow around 
post 14 near top end 18. Once reflowed, the temperature 
of substrate 12 and integrated circuit 70 is lowered to 
cause bump 80 to solidify around post 14, thereby mak 
ing electrical mechanical coupling thereto. 

FIG. 2 is a cross-sectional view of the wire intercon 
nect structure shown in FIG. 1 taken along a vertical 
plane passing through the line 2-2 shown in FIG. 1. 
The reference numerals used in FIG. 1 are also used to 
show the same items in FIG. 2. FIG. 2 shows the fea 
tures of post 14 in greater detail. In one embodiment of 
the present invention, post 14 further comprises an inte 
rior portion 24 of copper, a coating layer 25 of nickel 
surrounding interior portion 24, and a nickel oxide layer 
26 disposed on nickel layer 25. Layer 25 may typically 
have a thickness of approximately one micron or less, 
and oxide layer 26 may have a thickness in the range of 
0.1 microns to 0.2 microns. The thicknesses of these 
layers have been relatively enlarged in the Figures so 
that these layers may be more clearly shown. Nickel 
oxide layer 26 extends in the direction of elongation of 
body 16 from a point 28 near bottom end 17 of post 14 
to a point 27 near top end 18 of post 14. As seen in FIG. 
1, each of points 27 and 28 is intermediate between 
bottom end 17 and top end 18 of post 14, with point 28 
being intermediate between point 27 and bottom end 17. 

Nickel layer 25 acts as a barrier to any solder-copper 
chemical interactions, which may occur between bump 
80 and post 14. As is known in the art, indium can dis 
solve copper under certain conditions. It may be appre 
ciated that, when using a solder material which does not 
have adverse chemical interactions with copper, layer 
25 may comprise a different material or may not be 
necessary. In addition to acting as a barrier to solder 
copper interactions, layer 25 serves to passivate the 
outer surface of post 14 to prevent corrosion of the 
copper interior portion 24. 
Oxide layer 26 functions as a solder 'dam,' i.e., it 

limits the creep of solder from bump 80 in the direction 
from top end 18 to bottom end 17. This solder dam is at 
point 27 and prevents the solder from bump 80 from 
coating the sides of post 14, and thus increasing the 
width of post 14 and reducing the aspect ratio of post 
14. As is known in the soldering art, most solders do not 
readily adhere to oxide layers. In this way, the solder 
dam provided by oxide layer 26 prevents bump 80 from 
migrating up and increasing the diameter and, there 
fore, the rigidity of post 14. Thus, the solder dam serves 
as a means for de-concentrating the mechanical stress 
and strain at the ends of posts 14. 
As shown in FIG. 2, interconnect column 15 further 

comprises a peripheral edge 19 formed around bottom 
end 17 next to surface 13. In a preferred embodiment of 
interconnect column 15, a fillet 22 of rigid material is 
disposed along peripheral edge 19. Fillet 22 preferably 
comprises a solder. An exemplary solder for fillet 22 is 
an alloy of 63% tin (Sn) and 37% lead (Pb). Fillet 22 
contacts portions of base pad 20 and of post 14 near 
bottom end 17, and has an outside surface extending 
between post 14 and base pad 20 which is preferably 
concave. Fillet 22 extends up post 14 from end 17 to 
substantially point 28. In one embodiment, point 28 is 
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10 
approximately 3 microns from bottom end 17. Fillet 22 
extends outward on base pad 20 to a point 29. In the 
same embodiment, point 29 is approximately 3 microns 
from the peripheral edge 19 at bottom end 17. 

Fillet 22 serves to de-concentrate any of the mechani 
cal stress and strain at the junction of end 17 and base 
pad 20that may occur when post 14 is flexed. For exam 
ple, when a force parallel to surface 13 is applied to the 
fight side of post 14 near top end 18 by chip 70, post 14 
will flex such that end 18 is displaced towards the left of 
its resting point. When flexed in this manner, forces are 
transmitted to fillet 22 which distribute the forces over 
a larger area, thereby preventing bottom end 17 from 
detaching from base pad 20. The transmitted forces 
include compressive forces applied to fillet 22 at the top 
of fillet 22 at its left side near point 28 and to the bottom 
of fillet 22 at its fight side near point 29, and tensile 
forces applied at the fight top side and the bottom fight 
side of fillet 22. As the transmitted forces are distributed 
over a larger area, fillet 22 comprises means for de-con 
centrating mechanical strain at bottom end 17 of post 
14. 
As indicated above, when bump 80 is joined to inter 

connect column 15, bump 80 reflows around post 14, 
ending substantially at point 27. This is shown in FIG. 
3, which shows a cross-section of wire interconnect 
structure 10, interconnect column 15, substrate 12 and 
IC chip 70 taken through a vertical plane lying along 
line 2-2 shown in FIG. 1. Bump 80 also reflows out 
wardly along the surface of IC chip 70. In one embodi 
ment of the present invention, bump 80 comprises sol 
der disposed on a circular conductive pad 75 of IC chip 
70 having a diameter of -25 microns. Pad 75 is sur 
rounded by material which does not readily wet to 
solder. A non-wettable ring is thereby formed around 
pad 75, which forces the solder material to have a cer 
tain height (i.e., ball limiting metalization). For a 25 
micron circular pad, this height is approximately 5 mi 
crons. Bump 80 may be deposited on IC chip 70 using 
any of the following standard methods of bump deposi 
tion well known in the art: lift-off, subtractive, additive, 
or shadow-mask vapor deposition. Each of these meth 
ods is well known in the art and a detailed explanation 
thereof is not necessary in order to understand the pres 
ent invention and enable one of ordinary skill in the art 
to make and use the same. 

FIG. 4 is an isometric view of a wire interconnect 
structure comprising an array of interconnect columns, 
each interconnect column in the array being the same as 
interconnect column 15 shown in FIGS. 1 and 2 with 
the exception that the corresponding electrical trace 50 
for each structure is not necessarily oriented in the same 
direction as that shown in FIGS. 1 and 2. The wire 
interconnect array has been given the general reference 
designation of 100 in FIG. 4. Wire interconnect array 
100 comprises a plurality of interconnect columns 15 
disposed on substrate 12. Using present technology, 
these interconnect structures may be spaced as close as 
30 microns to one another, a distance which may be 
substantially less than their height. Also shown in FIG. 
4 is an integrated circuit chip 70' having a plurality of 
bumps 80. The plurality of bumps 80 are configured in 
a "mirrored' array corresponding to array 100 such 
that each bump is in a generally confronting and corre 
sponding relationship to a respective interconnect col 
umn 15. The interconnect columns 15 are bonded to 
their respective bumps 80 with the above-described 
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heat-reflow process after first being brought into regis 
tration by known means. 
The heights of each of the interconnect columns 15 

are preferably within 2 microns of one another. As a 
practical matter, integrated circuit chip 70' may have a 
surface which is warped, with a typical maximum devi 
ation of approximately 2 microns from low point to 
high point. As such, not every interconnect column 15 
will make contact to the surface of integrated circuit 
chip 70'. However, generally at least three of the inter 
connect structures will contact the surface of integrated 
circuit chip 70'. Given that the maximum warpage of 
the surface of chip 70' is approximately 2 microns and 
that the variation in height of interconnect columns 15 
is approximately 2 microns, there is a possibility that 
one or more of the interconnect columns 15 may be 
spaced approximately 4 microns away from the surface 
of chip 70' after the contacting process is completed. 
However, bump 80 is typically at least 5 microns high 
and is able to contact its corresponding interconnect 
structure 10 and form a bond thereto should such a gap 
exist between the interconnect column and chip 70'. As 
bump 80 is made from a conductive material, an electri 
cal signal is able to be transmitted between interconnect 
structure 10 and chip 70 even if interconnect column 15 
does not physically touch the surface of chip 70' (e.g., 
pad 75). It may be appreciated that bumps of solder 
material can be formed up to a height of 75 microns so 
that contact can be made if the spacing between chip 70' 
and an interconnect structure 10 is greater than 5 mi 
COS. 

In the embodiments of the present invention in which 
bumps 80 comprise a metal, such as indium, bismuth, 
gallium, tin, lead, or their alloys, the surface tension of 
bump 80, when molten, aids in bringing the array of 
bumps 80 into alignment with array 100. Under reflow 
conditions, each of the metal bumps 80 seeks a minimum 
surface area around the corresponding interconnect 
column 15 of the wire interconnect array 100 as it flows 
around the structure, the minimum surface area being 
achieved when the bump is symmetrically disposed 
around the top end of its corresponding column 15. The 
surface tension of each bump surface applies a force 
between its respective IC chip pad and its correspond 
ing interconnect column 15 in a direction which causes 
the bump to be symmetrically positioned around its 
corresponding interconnect column. As such, any mis 
alignment that may occur in positioning IC chip 70' 
over array 100 before the heat-bonding process will be 
corrected, or minimized, by the surface tension forces as 
long as there is an initial contact of a few bumps with 
their corresponding interconnect structures. Depending 
upon the material of bump 80 and the size and geometry 
of the interconnect structure, the surface tension forces 
can be significant, and may be quite large in comparison 
to the gravitational force applied to chip 70' during the 
heat-bonding process. 

In one embodiment of the present invention, elon 
gated body 16 of post 14 is tapered such that bottom end 
17 is smaller, i.e., has a smaller cross-sectional area, than 
top end 18. This aids in the above-described alignment 
of chip 70' and array 100 by surface tension forces since 
it provides a large surface area for top end 18 while 
making it easier for post 14 to be flexed near the bottom 
of the post by the surface tension forces applied at top 
end 18. (The tapered shape, along with leverage effects, 
allows post 14 to flex more near the middle and bottom 
than the top.) Such flexing helps to bring an intercon 
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nect column 15 and its corresponding bump 80 into 
closer alignment in cases where they initially are not 
well centered (i.e., aligned). 

FIG. 5 is a cross-sectional view of a second embodi 
ment of the wire interconnect structure according to 
the present invention, which has been given the general 
reference designation of 200. The embodiment is re 
ferred to as wire interconnect structure 200 and is for 
electrically coupling a major substrate 90 to integrated 
circuit chip 70', as shown in FIG. 5. Wire interconnect 
structure 200 may be used for coupling electrical signals 
and power between major substrate 90 and IC chip 70'. 
Wire interconnect structure 200 comprises an intercon 
nect substrate 212 disposed intermediate between major 
substrate 90 and IC chip 70', and having a first surface 
213 and a second surface 214. Interconnect substrate 
212 is also referred to as an interposer substrate or an 
intermediate substrate because it is disposed between 
substrate 90 and chip 70'. Wire interconnect structure 
200 further comprises a first interconnect column 15a 
on surface 213 constructed according to the first em 
bodiment of the present invention shown in FIGS. 1-3, 
and a second interconnect column 15b on surface 214, 
also constructed according to the first embodiment of 
the present invention. Each of the interconnect columns 
15a and 15b comprises a post 14 with elongated body 16 
and ends 17 and 18, a base pad 20, a fillet 22, and a 
peripheral edge 19, as described above. Additionally, 
post 14 comprises an interior portion 24, a coating layer 
25, and an oxide layer 26, all as described above. The 
reference numerals used in describing interconnect col 
umn 15 shown in FIGS. 1-3 have been used for inter 
connect columns 15a and 15b of FIG. 5. 

First interconnect column 15a is disposed on first 
surface 213 of substrate 212 such that its bottom end 17 
and base pad 20 are mounted to surface 213. First inter 
connect column 15a is for making contact to IC chip 
70'. In a similar manner, second interconnect column 
15b is disposed on second surface 214 of substrate 212, 
such that its bottom end 17 and base pad 20 are mounted 
to second surface 214. Second interconnect column 15b 
is for making contact to major substrate 90. 

Interconnect structure 200 further comprises a cou 
pling means for electrically coupling first interconnect 
column 15a to second interconnect column 15b. In a 
preferred embodiment of the present invention, the 
coupling means comprises a through hole 220 passing 
through substrate 212 between first surface 213 and 
second surface 214, which is filled with a plug of con 
ductive material 224. Through hole 220 includes a first 
end 221 next to base pad 20 and bottom end 17 of inter 
connect column 15a, and a second end 222 next to the 
base pad 20 and bottom end 17 of second interconnect 
column 15b. Plug 224 preferably comprises a metal, 
such as copper, or metal alloy which is formed within 
through hole 220. Plug 224 makes electrical contact to 
corresponding pads 20 of each of interconnect columns 
15a and 15b and forms a conductive path therebetween, 
thereby electrically coupling columns 15a and 15b to 
one another. 

Interconnect substrate 212 may have a thickness in 
the range of 100 microns to 2,000 microns, with a value 
of 250 microns being presently preferred. Additionally, 
substrate 212 is formed from a non-conductive material 
and is preferably rigid. For example, substrate 212 may 
comprise a ceramic material, alumina, a glass material, 
sapphire, or a composite of polyimide and a rigid mate 
rial. Through hole 220 is preferably circular in cross 
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section (as seen from the top plan view of substrate 212), 
and preferably has a diameter in the range of 12 microns 
to 50 microns. In one embodiment of interconnect 
structure 200, through hole 220 has a diameter of ap 
proximately 25 microns. Through hole 220 may be 
formed through substrate 212 by such means as laser 
drilling, photo etching followed by chemical milling, or 
by punching techniques. Such techniques are well 
known to those skilled in the art. The preferred tech 
nique used will likely depend on the choice of substrate 
material. 
Also in a preferred embodiment of interconnect 

structure 200, the posts of interconnect columns 15a and 
15b are disposed substantially opposite to one another at 
respective opposite ends of through hole 220 to facili 
tate the electrical connection therebetween. However, 
it may be appreciated that the interconnect columns 
may be somewhat offset from an exact opposing rela 
tionship, as shown, for example, by two interconnect 
columns 15c and 15d in FIG. 5. Interconnect column 
15c is disposed on surface 213 and interconnect column 
15d is disposed on surface 214. Interconnect columns 
15c and 15d are disposed at opposite ends of a through 
hole 220a, with an offset 230 in the placement of inter 
connect column 15d. Such an offset may occur during 
the construction of interconnect column 15d. As de 
scribed below in greater detail, photo-lithographic steps 
applied separately to surfaces 213 and 214 of substrate 
212 may be used to form interconnect columns 15c and 
15d. The use of separate photo-lithographic steps is 
susceptible to alignment errors, which may give rise to 
offset 230. In one embodiment of the present invention, 
base pad 20 of each interconnect columns 15a-15d is 
approximately 40 microns wide and the bottom end 17 
is approximately 10 microns in diameter, thereby allow 
ing a 15 micron misalignment error for each of intercon 
nect columns 15a and 15b. Other, more complex struc 
tures for interconnecting columns 15a and 15b can be 
used. It is not intended that the present invention be 
limited to the use of through holes or opposing inter 
connect columns. 
As indicated above, not all of the interconnect col 

umns 15a and 15b may have the same height, and inte 
grated circuit chip 70' may be warped. Substrate 212 
and major substrate 90 may each also be warped, usu 
ally each on the order of 2 microns or less, measured 
from low point to high point. As such, there may be one 
or more interconnect columns in an array of such col 
umns which does not fully contact either integrated 
circuit chip 70' or major substrate 90. Such a case in 
which contact is not made to either of chip 70 and 
substrate 90 is shown by two interconnect columns 15e 
and 15fin FIG. 5, as an example. Two gaps 231 and 232 
are shown between interconnect column 15e and IC 
chip 70' and between interconnect column 15f and 
major substrate 90, respectively. However, as described 
above with reference to interconnect structure 10, the 
initial 5 micron height of bump 80 is generally suffi 
ciently high to make electrical contact to an intercon 
nect column which does not physically make contact to 
its corresponding substrate or IC chip. 
Methods for constructing wire interconnect struc 

tures 10 and 200 are now described. FIGS. 6A-6D 
show a flow diagram 300 for constructing wire inter 
connect structure 200. Flow diagram 300 comprises a 
number of blocks 302-338, and proceeds from one block 
to the next in sequential order. It may be appreciated 
that, since interconnect structure 200 comprises inter 
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14 
connect structure 10, the steps for constructing inter 
connect structure 200 comprise the steps for construct 
ing interconnect structure 10. These steps for construct 
ing interconnect structure 10 are identified below. In a 
preferred embodiment of the present invention, the step 
or steps described by each of blocks 306–330 are per 
formed on each side of substrate 212 before proceeding 
to the next step. Whenever feasible, the step or steps of 
each of blocks 306–330 (such as electroless plating) may 
be performed on both sides simultaneously. However, 
those skilled in the art will recognize that the steps of 
blocks 306–330 may be performed on one side of sub 
strate 212 before being performed on the other side by 
using a protective coating, such as black wax, to protect 
each substrate side while the other side is being pro 
cessed. 
Flow diagram 300 begins at block 302 with starting 

substrate 212, which may be made of ceramic. At block 
304, through hole 220 is formed through substrate 212 
and then plated with conductive material 224. A partial 
cross-sectional view of substrate 212 showing through 
hole 220 after the processing of block 304 is shown at 
304A in FIG. 6A-1. In order to more clearly show the 
features of the layers to be subsequently deposited on 
the surfaces of substrate 212, the horizontal dimension 
of substrate 212 has been relatively expanded in the 
drawings shown in the FIGS. 6A-6D and the dimen 
sions of some features have been enlarged so as to make 
them more readily apparent in these Figures. Through 
hole 220 may be formed in substrate 212 by a number of 
methods known in the art as described above. Likewise, 
conductive material 224 may be formed by a number of 
methods known in the art. For a single wire intercon 
nect structure 10, the formation of through hole 220 is 
not a requirement, but may be performed if it provides 
an advantage in arranging the signal traces on substrate 
212 for a particular application. 

In one embodiment of the method of the present 
invention, through hole 220 may be formed and plated 
with conductive material 224 by the following sequence 
of steps. First, conductive through holes 220 are formed 
by either laser drilling or chemical milling from one 
surface, e.g., the "top' surface. As a second step, a layer 
of conductive material, such as copper, is sputtered on 
the other surface, the "back surface' of substrate 212. 
This sputtered layer will provide a seed layer for a 
subsequent plating step. As a third step, a conductive 
material, such as copper, is formed within through holes 
220 by electrolytic or electroless plating. As a fourth 
step, a non-conductive protective layer is deposited on 
the front surface to protect the through holes 220 from 
a subsequent etching step. As a fifth step, the metal 
layer on the back surface is removed by etching. Fi 
nally, the protective layer on the front surface is re 
moved and the surfaces of substrate 212 may be me 
chanically lapped to provide planar surfaces. 
At block 306, a base pad 20 for each interconnect 

column 15a and 15b is formed. For each side of sub 
strate 212, the following steps are performed. First, a 
seed layer of copper is sputtered on each surface of 
substrate 212. Preferably, the seed layer may comprise 
an initial thin layer of chromium followed by a thin 
layer of copper (Cr/Cu), may comprise an initial thin 
layer of titanium followed by a thin layer of copper 
Ti/Cu), or may comprise a titanium-tungsten alloy 
layer (50%-50%) followed a layer of copper (Ti 
-W/Cu). Prior to depositing the seed layer, the sur 
faces of substrate 212 are cleaned well so as to activate 
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these surfaces for the sputtered seed layer. Second, a 
photoresist (PR) layer is applied to each substrate side, 
and portions of the photoresist are removed where pads 
20 are to be formed (e.g., exposing the photoresist to 
UV light through a mask and developing). This exposes 
the seed layer where pads 20 are to be formed. Third, 
copper is electroplated onto the exposed areas of the 
seed layer to a desired thickness, of for example - 1 
micron, to form pads 20. The photoresist is then re 
moved. The appearance of substrate 212 and pads 20 at 
the end of these steps is shown at a partial cross-section 
306A of substrate 212 in FIG. 6A-2. A single wire inter 
connect structure 10 or a one-sided interconnect array 
100 may be formed by only processing one side of sub 
strate 212. 
The copper plug 224 in through hole 220 and pads 20 

on the surfaces of substrate 212 collectively comprise an 
electrical conductive path from a first area (i.e., pad 20) 
on surface 213 to a second area (i.e., pad 20) on surface 
214. It may be further appreciated that the above steps 
for forming through hole 220 and pads 20 collectively 
comprise a means for forming such an electrically con 
ductive path. 
At block 308, substrate 212 is prepared for the forma 

tion of fillet rings for fillets 22. At block 308, a layer 350 
of photoresist is spun on each side (surface) of substrate 
212. Next, a portion of layer 350 is removed over each 
base pad 20 where the fillets 22 are to be formed. In a 
preferred embodiment of the present invention, this 
portion is annular in shape (i.e., a ring shape or "dough 
nut' shape). The portions of layer 350 may be removed 
by exposing the photoresist to ultra violet (UV) light 
through a mask and developing it, as is well known in 
the processing art. A partial cross-sectional view of 
substrate 212, pads 20, and layers 350 at the end of these 
steps is shown at a diagram 308A in FIG. 6A-3. With 
these steps, a ring of each base pad 20 is exposed for 
later plating. Each ring surrounds the area where bot 
tom end 17 of a corresponding post 14 is to be formed. 
In one embodiment of the present invention, each ring 
has ring width of approximately 3 microns, an inner 
diameter of approximately 9 microns and an outer diam 
eter of approximately 15 microns. 
At block 310, the fillets 22 are formed over corre 

sponding pad rings. For each pad ring, a body of solder 
is deposited, preferably by electrolytic plating, in the 
ring of base pad 20. The solder body is deposited in the 
ring and in close proximity to where the posts 14 are to 
be formed. The solder fillet bodies 22, layer 350, and 
substrate 212 at the end of the processing steps of block 
310 are shown by a partial cross-sectional view 310A in 
FIG. 6A-4. In one embodiment, each fillet 22 is approxi 
mately 3 microns high and approximately 3 microns 
wide. After the posts 14 of interconnect columns 15a 
and 15b are formed, the solder material of fillets 22 will 
be heated and reflowed. 
At block 311, photoresist layer 350 is removed and 

the seed layer deposited in block 306 is etched away. In 
the case where the seed layer comprises a copper layer 
over a titanium layer (Cu/Ti), the seed layer may be 
removed by first exposing it to a solution of ammonium 
persulfate ((NH4)2S2O3) to remove the copper layer 
and then dry etching it, or wet etching it in hydrofluoric 
(HF) acid, to remove the titanium. In the case where the 
seed layer comprises a copper layer over a chromium 
layer (Cu/Cr), the seed layer may be removed by first 
exposing it to a solution of ammonium persulfate, as 
above, then wet etching it with a solution of hydroflu 
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16 
oric acid (HF) to remove the chromium. In each of the 
above cases, a solution of copper chloride (CuCl2) and 
potassium hydroxide (KOH) may be used to etch the 
copper layer instead of ammonium persulfate. Substrate 
212, pads 20, and solder fillets 22 at the end of these 
processing steps are shown by a partial cross-sectional 
view 311A in FIG. 6A-5. 
At block 312, a layer 354 of polyimide is deposited on 

each side (i.e., surfaces 213 and 214) of substrate 212. 
Polyimide layer 354 is "spun' on, and then cured at an 
elevated temperature, as is known in the art. Layer 354 
comprises a spacer layer, which will be used in a later 
step to form posts 14. A partial cross-sectional view of 
substrate 212 and layer 354 at the end of these steps is 
shown at a diagram 312A in FIG. 6B-1. 
At block 314, a mask layer 356 of aluminum is depos 

ited on both sides of substrate 212, for example by sput 
tering. Mask layer 356 provides a means for masking 
polyimide layer 354 during a later etching process, dis 
cussed below in greater detail. Other materials which 
are more resistant to etching than the material of spacer 
layer 354 may be used instead of aluminum for layer 
356. At block 316, mask layer 356 is patterned such that 
portions of the aluminum may be removed from those 
locations where posts are to be formed, which are desig 
nated as post locations 358. This preferably comprises 
the steps of depositing a photoresist layer over mask 
layer 356, exposing the photoresist layer to UV light, 
developing the photoresist such that polymerized pho 
toresist overlies layer 356 in those locations where posts 
are not to be formed. Next, mask layer 356 is exposed to 
an aluminum wet etch, for example a buffered hydro 
chloric acid (HCl) solution, which removes portions of 
the aluminum overlying those locations where posts 14 
are to be formed, i.e., locations 358. A partial cross-sec 
tional view of substrate 212, etched layer 356, and loca 
tions 358 at the end of these steps is shown at a diagram 
316A in FIG. 6B-2. This exposes portions of the spacer 
layer 354 which overlie the areas of pads 20 where the 
posts 14 are to be formed. 
At block 317, portions of spacer layer 354 underlying 

post locations 358 are removed. This is may be done by 
reactive ion etching, other plasma etching processes, or 
wet etching processes. These portions of layer 354 are 
removed to expose respective areas of pads 20 upon 
which respective posts 14 are to be built. An etch pro 
cess is selected such that relatively little aluminum 
(layer 356) is removed. Bottom ends 17 of posts 14 are 
to be mounted at these exposed areas of pads 20. In a 
preferred embodiment, reactive ion etching (RIE) is 
used as the etch process. Aluminum is more resistant to 
reactive ion etching than most polyimide materials 
(spacer layer 354). A high aspect ratio is best formed by 
RIE. At block 318, the mask layer 356 is removed, or 
stripped, by a suitable chemical stripper. In one embodi 
ment, a buffer solution of hydrochloric acid (HCl) is 
used as a chemical stripper. A partial cross-sectional 
view of substrate 212 and the etched portions of layers 
354 at the end of this step is shown at a diagram 318A in 
FIG. 6B-3. 
The removed portions of layer 354 are commonly 

referred to as vias. The longitudinal cross-section shape 
of each via is roughly trapezoidal. Preferably, the etch 
ing of layer 354 exposes the inner surface of each fillet 
22, next to where the corresponding post 14 is to be 
formed. This will allow fillet 22 to be readily reflowed 
around the bottom portion of post 14 at a later step 
described below. In one embodiment of the present 
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invention, each via has a bottom width (near a respec 
tive end 17) of approximately 10 microns and each cor 
responding fillet 22 is a ring having an inner diameter of 
~9 microns. In this embodiment, the via is preferably 
aligned to its corresponding fillet 22 such that approxi 
mately one-half micron width of fillet 22 is exposed by 
the via. 

It may be appreciated that, as an alternative embodi 
ment, spacer layer 354 may comprise a photo-imageable 
polyimide material which may be patterned and devel 
oped in a manner similar to that of a photoresist. In such 
a case, the deposition, pattering, and stripping of mask 
layer 356 as described in blocks 314, 316, and 318 may 
be eliminated. In lieu of these steps, the vias would be 
directly patterned in spacer layer 354 by exposure to a 
suitable light source through a suitable mask, and the 
exposed portions would be developed by a suitable 
chemical developer. Presently available photo-imagea 
ble polyimides are limited in their ability of providing 
high via aspect ratios. As such, the alternate embodi 
ment using the photo-imageable polyimide is not cur 
rently preferred. However, it is believed by the inven 
tors that photo-imageable polyimides capable of provid 
ing higher aspect ratios may be commercially available 
in the future. 
At block 320, a conductive material, preferably cop 

per, is deposited on the exposed areas of pads 20. This is 
preferably done by electroless plating both surfaces of 
substrate 212. The copper material is only deposited on 
the exposed surface of each base pad 20 and is not de 
posited on the top of polyimide layer 354. In this regard, 
layer 354 also functions as a plating mask. The copper 
material builds up from each base pad 20 in the corre 
sponding via thereby forming the interior portion 24 of 
each post 14. A partial cross-sectional view of substrate 
212 and of posts 14 at the end of this step is shown at a 
diagram 320A in FIG. 6C-1. This step comprises the 
step of depositing a conductive material on the exposed 
portions of pads 20 such that a first conductive post is 
formed on the top surface of substrate 212 and mounted 
to base pad 20, and such that a second conductive post 
is formed on the bottom surface of substrate 212 and 
mounted thereto. 
At block 322, layer 354 is removed by stripping the 

polyimide material, as for example by using a plasma or 
wet etch. At block 324, fillets 22 are reflowed around 
the peripheral edge 19 of each post 14. This is prefera 
bly done by exposing substrate 212 and posts 14 to an 
elevated temperature in an inert atmosphere for a suit 
able amount of time. In one embodiment of the present 
invention, the elevated temperature of approximately 
30° C. above the melting point of the material of fillet 22 
for the time duration is approximately three (3) minutes. 
As an example, a 60/40 (tin/lead) solder having a melt 
ing point of 187 C. would be reflowed at ~220 C. A 
partial cross-sectional view of substrate 212 and posts 14 
at the end of these steps is shown at a diagram 324A in 
FIG. 6C-2. 
At block 326, a thin coating layer 25 of nickel is 

plated on the exposed portions of posts 14, preferably 
by electroless plating. Layer 25 may be as thin as one 
micron or less. At block 328, a nickel oxide layer 26 is 
formed around the exposed portions of post 14 by an 
nealing substrate 212 and posts 14 in the presence of 
oxygen. In one embodiment of the present invention, 
this occurs in an air-ambient for approximately four (4) 
hours at approximately 150° C. A partial cross-sectional 
view of substrate 212 and posts 14 at the end of these 
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18 
steps is shown at a diagram 324A in FIG. 6C-2. The 
oxide formation step may also serve to anneal the depos 
ited copper layers 20 and 24. 
At block 330, a portion of oxide layer 26 at the top 

end 18 of each post 14 is removed. This is done by 
dipping each top end 18 in a thin layer of a low surface 
tension, high-viscosity, low-pH solder flux or other 
suitable solution. In one embodiment of the present 
invention, this solder flux has a viscosity of ~30,000 
centipoise and a pH of ~2. The layer thickness (i.e., 
depth) of the flux is preferably around -2 microns, 
such that approximately 5 microns of the nickel oxide 
from the top end 18 towards the bottom is removed. A 
partial cross-sectional view of substrate 212 and posts 14 
at the end of this step is shown at a diagram 330A in 
FIG. 6D-1. In this way, oxide layer 26 is formed over 
nickel layer 25 of each post such that oxide layer 26 
extends in the direction of elongation of each post from 
near the bottom end 17 to a point intermediate between 
the bottom and top ends of the post. This intermediate 
point is shown at 27 in diagram 330A. 

Substrate 212 may comprise a single interconnect 
substrate for interconnecting a single IC chip to a major 
substrate, or may comprise a number of individual inter 
connect substrates. In the latter case, a number of indi 
vidual interconnect substrates are processed together 
on substrate 212, thereby reducing the overall fabrica 
tion cost and time per interconnect substrate. After 
processing, these individual interconnect substrates are 
separated for their respective uses. This may be done by 
first coating each side of substrate 212 with black wax 
and then separating (i.e., dicing) each of the individual 
interconnect substrates with a diamond saw. The black 
wax provides a supporting cushion for the interconnect 
posts 14 during the sawing operation, such that they are 
not broken off. After sawing, the black wax may be 
removed by a common solvent which is not destructive 
to the wire interconnect structures. These steps are 
shown by flow diagram 300 at blocks 332, 334, and 336 
in FIG. 6D. Flow diagram 300 ends at block 338. 
For forming a single wire interconnect structure 10, it 

may be appreciated that the above steps indicated in 
blocks 306 through 336 need only be applied to one 
surface of substrate 212. 

FIG. 7 is a cross-sectional view of an additional em 
bodiment of the wire interconnect structure according 
to the present invention, which has been given the gen 
eral reference designation 400. Wire interconnect struc 
ture 400 comprises an interconnect substrate 412 and 
interconnect columns 415,415a, and 415b, which are 
essentially identical in structure to one another except 
for their location. Wire interconnect structure 400 may 
be used for coupling electrical signals and power be 
tween a substrate 412 to an IC chip, such as chip 70' 
shown in FIG. 5. Interconnect substrate 412 may have 
a thickness in the range of 100 microns to 2,000 microns, 
with a value of 250 microns being presently preferred. 
As with substrate 212 discussed above, substrate 412 is 
formed from a nonconductive material and is preferably 
rigid. Substrate 412 may comprise the same materials as 
substrate 212. 

Interconnect column 415 comprises an electrically 
conductive post 14 disposed on a first surface 413 of 
substrate 412. Post 14 is for making contact to an inte 
grated circuit chip and comprises an elongated body 16, 
a bottom end 17, and a top end 18. Bottom end 17 is 
mounted on surface 413 of substrate 412. Post 14 prefer 
ably comprises a metallic material, such as copper, 
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nickel, cobalt, gold, or palladium. In a preferred em 
bodiment of the present invention, the material of post 
14 comprises copper. In one embodiment of the present 
invention, post 14 further comprises an interior portion 
24 of copper material and a coating layer 25 of nickel 
material surrounding interior portion 24. Layer 25 may 
typically have a thickness of approximately one micron 
or less, and may be oxidized in the manner described 
above with reference to interconnect column 15 (FIGS. 
1-5) to provide a solder dam means. 

In one embodiment of the present invention, top end 
18 has a substantially flat surface which is substantially 
co-planer with surface 413. Additionally, body 16 is 
substantially circular in a cross-sectional plane co 
planer with the surface of top end 18, and each of the 
top end 18 and bottom end 17 is substantially circular in 
cross-section. Also in this embodiment, the aspect ratio 
of post 14 is preferably greater than 3.5 and is in the 
range of 4 to 8. For example, post 14 may have a base 
diameter of ~ 10 microns, a top diameter of ~ 15 mi 
crons, an average diameter of ~12.5 microns and a 
height in the range of 40 microns to 80 microns, for 
example 60 microns (aspect ratio of 6). 

In a preferred embodiment of the present invention, 
interconnect column 415 further comprises a base pad 
20 and a base pedestal 21. Base pad 20 is mounted to 
surface 413 and disposed between surface 413 and base 
pedestal 21. Base pedestal 21 is mounted to base pad 20 
and disposed between base pad 20 and bottom end 17 of 
post 14. Bottom end 17 of post 14 is mounted to base 
pedestal 21. Preferably, each of base pad 20 and base 
pedestal 21 comprises a metallic material, such as cop 
per, nickel, cobalt, gold, or palladium. Base pad 20 and 
base pedestal 21 facilitate the construction of post 14 by 
electroless or electrolytic plating, and preferably com 
prise the same material as that of post 14. In one em 
bodiment of the present invention, base pedestal 21 has 
a cross-sectional width which is smaller than the corre 
sponding cross-sectional width of base pad 20, and has a 
thickness on the order of one to two microns. 

Base pedestal 21 not only provides mechanical stabil 
ity but provides the benefit of allowing post 14 to be 
constructed in close contact with fillet 22 and the bene 
fit of better control over the dimensions of post 14. As 
is known in the semiconductor art, the planar dimen 
sions of the smallest feature which can be reliably de 
fined by photoresist layers and spacer layers is propor 
tionally related to the thickness of the layer. Smaller 
feature sizes and closer spacings of adjacent features, 
such as pedestals 21, can be achieved with thinner 
spacer and photolithographic layers. As base pedestal 
21 has a shorter height (~ 1 um-~2 um) than the over 
all height of post 14, base pedestal 21 allows its corre 
sponding post 14 to be positioned during processing 
with greater precision, particularly with respect to fillet 
22. The remainder of post 14 may then be built on top of 
pedestal 21 to obtain the overall height of post 14 with 
less precise construction steps (e.g., with thicker spacer 
and photo-lithographic layers). An exemplary construc 
tion process for post 14 is described in greater detail 
below. 

Interconnect column 415 further comprises a periph 
eral edge 19 formed around bottom end 17 next to sur 
face 413, and in particular the outer peripheral portions 
of base pad 20 and base pedestal 21. In a preferred em 
bodiment of interconnect column 415, a fillet 22 of rigid 
material is disposed along peripheral edge 19. Fillet 22 
preferably comprises a solder. An exemplary solder for 
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20 
fillet 22 is an alloy of tin and lead, such as 60/40 (tin/- 
lead). Fillet 22 contacts the outer portions of base pad 
20, outer portions of base pedestal 21, and portions of 
post 14 near bottom end 17, as shown in FIG. 7. Fillet 
22 has an outside surface extending between post 14 and 
base pad 20 which may be “S'-shaped. Fillet 22 extends 
up post 14 from end 17 to substantially point 28. Fillet 
22 extends outward from pedestal 21 onto base pad 20 
to a point 29. Fillet 22 preferably is disposed in (i.e., fills 
in) the comer formed between pedestal 21 and base pad 
20. As with previously described embodiments of the 
present invention, fillet 22 serves to de-concentrate the 
mechanical stress and strain at the junction of end 17 
and base pedestal 21 that may occur when post 14 is 
flexed. Fillet 22 also serves to de-concentrate the me 
chanical stress and strain at the junction between base 
pedestal 21 and pad 20. 
As indicated above, each of interconnect columns 

415a and 415b is essentially identical in structure to 
interconnect column 415. The reference numerals used 
in describing interconnect column 415 have been used 
for interconnect columns 415a and 415b. 
As an option, interconnect structure 400 may include 

wire traces 50, 50a, and 50b on surface 413 for coupling 
electronic signals or power present within substrate 412 
to wire interconnect columns 415, 415a, and 415b, re 
spectively. The electrical signals may, for example, be 
generated by circuitry within substrate 412 or coupled 
to substrate 412 by another interconnect column struc 
ture. As an example, trace 50 is electrically coupled to 
base pad 20 of interconnect column 415 and, in turn, to 
post 14 by way of base pedestal 21. As an equivalent, a 
via in substrate 412 may be used, as taught above with 
reference to interconnect structure 200 shown in FIG. 
5. 

Interconnect structure 400 may be joined to an IC 
chip, such as IC chip 70', in any of the above described 
ways. Solder bumps, such as bumps 80, would be dis 
posed on the IC chip in correspondence to the positions 
of interconnect columns 415, 415a, and 415b. When 
joined, each bump reflows around the post 14 of its 
corresponding interconnect column. 

It may be appreciated that interconnect columns 
constructed according to interconnect column 415 of 
the present invention may be disposed on the second 
surface 414 of substrate 412. Additionally, a coupling 
means may be included for electrically coupling an 
interconnect column on surface 413 to a corresponding 
interconnect column on surface 414, as for example by 
a through hole passing through substrate 412 between 
surfaces 413 and 414 which is filled with a plug of con 
ductive material, as taught above with reference to wire 
interconnect structure 200. In such a case, interconnect 
structure 400 could be used for coupling an IC chip to 
a major substrate, such as substrate 90 shown in FIG. 5. 
An exemplary method for constructing exemplary 

wire interconnect structure 400 is now described. 
FIGS. 8A-8C are a flow diagram 700 of a method of 
constructing an exemplary embodiment of wire inter 
connect structure 400 shown in FIG. 7. Flow diagram 
700 comprises blocks 702–738. Flow diagram 700 pro 
ceeds through the construction blocks 702-738 in se 
quential order, and begins at block 702 with a starting 
substrate 412, which may be made of ceramic. At block 
704, a seed layer 451 is deposited on a surface 413 of 
substrate 412, as for example by sputtering. Preferably, 
seed layer 451 may comprise an initial thin layer of 
chromium followed by a thin layer of copper (Cr/Cu), 
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may comprise an initial thin layer of titanium followed 
by a thin layer of copper (Ti/Cu), or may comprise a 
titanium-tungsten alloy layer (50%-50%) followed by 
a layer of copper (Ti-W/Cu). Prior to this step, sub 
strate surface 413 is cleaned well so as to activate the 
surface for the sputtered seed layer. Seed layer 451 is 
later etched to define the base pads 20 for interconnect 
structures 415. A partial cross-sectional view of sub 
strate 412 showing seed layer 451 after the processing of 
block 704 is shown at 704A in FIG. 8A-1. 

In order to more clearly show the features of the 
layers to be subsequently deposited on the surfaces of 
substrate 412, the horizontal dimension of substrate 412 
has been relatively expanded in the diagrams shown in 
the FIGS. 8A-8C and the dimensions of some features 
have been enlarged so as to make them more readily 
apparent in these Figures. 
At block 706, the locations 452 where base pedestals 

21 are to be formed are defined. A layer 454 of photore 
sist, either positive or negative type, is deposited over 
seed layer 451. Layer 454 is masked and developed by 
conventional steps known to one of ordinary skill in the 
semiconductor processing art. After these steps, seed 
layer 451 is exposed in locations 452. The appearance of 
substrate 412 and the locations 452 at the end of these 
steps is shown at a partial cross-section 706A of sub 
strate 412 in FIG. 8A-2. In one embodiment of the 
present invention, each location 452 and pedestal 21 is 
circular in shape (as seen in a top plan view), having a 
diameter in the range between ~ 10 microns and ~ 15 
microns. At block 708, a conductive material, prefera 
bly copper, is deposited in locations 452 on the exposed 
portions of layer 451 to form base pedestals 21. This 
may be done by electroless plating or by electrolytic 
plating substrate surface 413. The copper material is not 
deposited on the top of photoresist layer 454. In this 
regard, layer 454 also functions as a plating mask. A 
partial cross-sectional view of substrate 412 and of base 
pedestals 21 at the end of this step is shown at a diagram 
708A in FIG. 8A-3. In one embodiment of the present 
invention, base pedestals 21 are plated to a thickness in 
the range of one to two microns. 
At block 710, layer 454 is removed, or stripped, by a 

suitable chemical stripper. Next, at block 712, locations 
456 for fillets 22 are defined. There is a fillet location 
456 for each base pedestal 21. Each location 456 has a 
ring shape which overlies the outer peripheral portion 
of a corresponding base pedestal 21 and a portion of 
seed layer 451 adjacent to the outer peripheral edge of 
the base pedestal 21. In one embodiment, the ring width 
of each location is on the order of 5 microns, with ap 
proximately half of the ring width overlying a corre 
sponding base pedestal and the remaining ring width 
overlying the adjacent portion of layer 451. To define 
locations 456, a second photoresist layer 458 is depos 
ited, masked, and developed by conventional steps 
known to one of ordinary skill in the semiconductor 
processing art. Layer 458 may be either positive or 
negative type. After these steps, pedestal 21 and seed 
layer 451 are exposed in locations 456. A partial cross 
sectional view of substrate 412, locations 456, layer 458, 
and base pedestals 21 at the end of this step is shown at 
a diagram 712A in FIG. 8A-4. 
At block 714, a body of solder is deposited, preferably 

by plating, in locations 456. This forms a fillet 22 over 
the exposed portion of each base pedestal 21 and the 
adjacent exposed portion of seed layer 451. The solder 
body is deposited in the ring and in close proximity to 
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where a corresponding post 14 is to be formed. Electro 
less or electrolytic plating may be used for the plating. 
Solder is not deposited over layer 458. In this regard, 
layer 458 also functions as a plating mask. Next, at block 
716, layer 458 is removed, or stripped, by a suitable 
chemical stripper. Fillets 22 and substrate 412 at the end 
of the processing steps of block 716 are shown by a 
partial cross-sectional view 716A in FIG. 8B-1. In one 
embodiment, each fillet 22 is approximately 3 microns 
high and approximately 5 microns wide. 
With the above steps, fillet 22 may be closely posi 

tioned to base pedestal in 21. Because of the relatively 
short height of base pedestal in comparison to the over 
all height of the posts to be formed later, relatively thin 
photoresist layers may be used in patterning fillets 22. 
As discussed above, this allows more precise control 
over the dimensions of fillet 22 and pedestal 21 as well 
as their alignment to one another. 
At block 717, portions of seed layer 451 are removed 

to define pads 20 and to electrically isolate selected 
posts 14 from one another, as may be required by the 
specific application for which interconnect structure 
400 is being constructed. In one embodiment, the ex 
posed areas of layer 451, i.e., those not covered by fillets 
22 or pads 20, are removed with a suitable chemical 
etchant. The etchant preferably etches the material of 
fillet 22 at a relatively slow rate, if at all. In one embodi 
ment of the present invention where seed layer 451 and 
pad 20 comprise the same material (such as copper), the 
etching of seed layer 451 also etches portions of pads 20. 
However, each pad 20 is much thicker than the seed 
layer 451 and the etch time is controlled to be only as 
long as necessary to completely etch the exposed areas 
of seed layer 451. Fillets 22 and substrate 412 at the end 
of the processing steps of block 716 are shown by a 
partial cross-sectional view 717A in FIG. 8B-2. 

In the case where seed layer 451 comprises a copper 
layer over a titanium layer (Cu/Ti), seed layer 451 may 
be removed by a wet etch of ammonium persulfate 
((NH4)2S2O3) followed by a dry etch, as described 
above. In the case where seed layer 451 comprises a 
copper layer over a chromium layer (Cu/Cr), seed layer 
451 may be removed by wet etch of ammonium persul 
fate followed by a wet etch of hydrofluoric acid (HF), 
as described above. In each of the above cases, a solu 
tion of copper chloride (CuCl2) and potassium hydrox 
ide (KOH) may be used to etch the copper layer instead 
of ammonium persulfate. 
As an option, electrical traces 50 may be formed by 

leaving selected portions of seed layer 451. This may be 
done by selectively masking seed layer 451 before the 
above removal step. Of course, traces 50 may also be 
formed by conventional steps applied to substrate 412 
before depositing seed layer 451 at block 702. 
At block 718 of flow diagram 700, shown in FIG. 8B, 

each fillet 22 is reflowed around the peripheral edge of 
its corresponding base pedestal 21 such that it contacts 
the corresponding pedestal 21 and layer 451, which is 
patterned at a later step to define the corresponding pad 
20. Also in a later step, each post 14 is formed such that 
the peripheral edge 19 at its bottom end 17 contacts a 
corresponding, reflowed fillet 22. The reflow of fillet 22 
is preferably done by exposing substrate 412 and fillets 
22 to an elevated temperature for a suitable amount of 
time. In one embodiment of the present invention, the 
elevated temperature is approximately 30 C. above the 
melting point of the material of fillet 22 for a time dura 
tion of approximately three (3) minutes. The shape and 
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location of the reflowed fillets 22 is shown in at a dia 
gram 722A in FIG. 8B-3. 
As can be seen in diagram 722A, fillet 22 contacts the 

outer peripheral portion of the top surface of pedestal 
21, and contacts a comer 23 formed between the periph 
eral side of pedestal 21 and layer 451, portions of which 
will form base pad 20. In a preferred embodiment, fillet 
22 does not contact the interior portion of the top sur 
face of pedestal 21. This is because of the relatively 
small volume of material of fillet 22 and because surface 
tension forces in the material of fillet 22 near corner 23 
draw fillet 22 towards comer 23 and away from the top 
interior surface of pedestal 21 during the reflow pro 
cess. These same surface tension forces also compensate 
for any misalignment of fillet 22 in blocks 712-714 that 
may occur by causing the placement of fillet 22 to be 
centered around comer 23, i.e., symmetrically disposed 
about pedestal 21. These surface tension forces, by na 
ture, seek a minimum surface area condition for fillet 22 
which occurs with a symmetrical placement of fillet 22 
around base pedestal 21. 
At block 720, a spacer layer 460 of, preferably, poly 

imide is deposited on substrate surface 413. Polyimide 
spacer layer 460 is "spun' on, and then cured at an 
elevated temperature, as is known in the art. Layer 460 
is used in a later step to form posts 14. At block 722, a 
mask layer 462 of aluminum is deposited on layer 460, 
for example by sputtering. Mask layer 462 provides a 
means for masking polyimide spacer layer 460 during a 
later etching process, discussed below in greater detail. 
Other materials which are more resistant to etching 
than the material of spacer layer 460 may be used in 
stead of aluminum for layer 462. A partial cross-sec 
tional view of substrate 412, layers 460 and 462, and 
reflowed fillets 22 at the end of the steps of blocks 
718–722 is shown at diagram 722A in FIG. 8B-3. 
At block 724, mask layer 462 is patterned such that 

portions of the aluminum may be removed from those 
locations where posts 14 are to be formed, which are 
designated as post locations 464. This preferably com 
prises the steps of depositing a photoresist layer over 
mask layer 462, exposing the photoresist layer to UV 
light, developing the photoresist such that polymerized 
photoresist overlies layer 462 in those locations where 
posts are not to be formed. Next, mask layer 462 is 
exposed to an aluminum wet etch, for example a buff 
ered hydrochloric acid (HCl) solution, which removes 
portions of the aluminum overlying those locations 
where posts 14 are to be formed, i.e., locations 464. A 
partial cross-sectional view of substrate 412, etched 
layer 462, and locations 464 at the end of these steps is 
shown at a diagram 724A in FIG. 8B-4. This exposes 
the spacer layer 460 which overlies the areas of base 
pedestals 21 (and pads 20) where the posts 14 are to be 
formed. 
At block 726, portions of spacer layer 460 underlying 

post locations 464 are removed. This may be done by 
reactive ion etching, other plasma etching processes, or 
wet etching processes. These portions of layer 460 are 
removed to expose respective areas of base pedestals 21 
upon which respective posts 14 are to be built. An etch 
process is selected such that relatively little aluminum 
(layer 462) is removed. Bottom ends 17 of posts 14 are 
to be mounted at these exposed areas of base pedestals 
21. In one embodiment, reactive ion etching is used as 
the etch process. Aluminum is more resistant to reactive 
ion etching than most polyimide materials (spacer layer 
460). At block 728, the mask layer 462 (aluminum) is 
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removed, or stripped, by a suitable chemical stripper. In 
one embodiment, a buffer solution of hydrochloric acid 
(HCl) is used as a chemical stripper. A partial cross-sec 
tional view of substrate 412 and the etched portions of 
spacer layer 460 at the end of these steps is shown at a 
diagram 728A in FIG. 8C-1. 
The removed portions of spacer layer 460 are com 

monly referred to as vias. The longitudinal cross-section 
shape of each via is roughly trapezoidal. Preferably, the 
etching of spacer layer 460 exposes the inner surface of 
each reflowed fillet 22, next to where the corresponding 
post 14 is to be formed. This allows post 14 to contact 
fillet 22 when post 14 is formed in a subsequent step. It 
may be appreciated that, as an alternative embodiment, 
spacer layer 460 may comprise a photo-imageable poly 
imide material which may be patterned and developed 
in a manner similar to that of a photoresist. In such a 
case, the deposition, pattering, and stripping of mask 
layer 462 as described in blocks 722, 724, and 728 may 
be eliminated. In lieu of these steps, the vias would be 
directly patterned in spacer layer 460 by exposure to a 
suitable light source through a suitable mask, and the 
exposed portions would be developed by a suitable 
chemical developer. 
At block 730, a conductive material, preferably cop 

per, is deposited on the exposed areas of pedesta 21. 
This may be done by electroless plating or electrolytic 
plating of substrate surface 413. The copper material is 
only deposited on the exposed surface of each base 
pedestal 21 and is not deposited on the top of spacer 
layer 460. In this regard, spacer layer 460 also functions 
as a plating mask. The copper material builds up from 
each base pedestal 21 in the corresponding via thereby 
forming the interior portion 24 of each post 14. Each 
post 14 builds up around its corresponding fillet 22, 
making contact to the fillet at its peripheral edge 19. A 
partial cross-sectional view of substrate 412 and of posts 
14 at the end of this step is shown at a diagram 730A in 
FIG. 8C-2. It may be appreciated that this step com 
prises the step of depositing a conductive material on 
the exposed portions of base pedestal 21 such that a 
conductive post 14 is formed on the substrate surface 
413 and mounted to pedestal 21, which is in turn 
mounted to base pad 20 (layer 451). 
At block 732, spacer layer 460 is removed by strip 

ping the polyimide material. A partial cross-sectional 
view of substrate 412, base pads 20, and posts 14 at the 
end of these steps is shown at a diagram 732A in FIG. 
8C-3. At block 736, a thin coating layer 25 of nickel is 
plated on the exposed portions of posts 14, preferably 
by electroless plating. Layer 25 may be as thin as one 
micron or less. A suitable chemical catalyst may be 
added to the plating solution to deter the plating of 
nickel onto fillets 22. Also, in the case where post 14 
comprises copper, a thin nickel “flash' layer may be 
initially coated onto post 14 and not onto fillet 22 by a 
first plating bath, and then a thicker coat of nickel may 
be plated by an auto-catalytic plating bath (i.e., nickel 
onto nickel only). Such catalysts and plating baths are 
well known to those of ordinary skill in the plating art 
and a detailed discussion thereof is not necessary to 
understand the present invention and to enable one of 
ordinary skill to make and use the same. A partial cross 
sectional view of substrate 412, posts 14, and layer 25 at 
the end of this step is shown at a diagram 736A in FIG. 
8C-4. Nickel layer 25 may be oxidized in the manner 
described above with reference to interconnect column 
15 (FIGS. 1-5) to provide a soldier dam means. Also, a 
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thin layer of gold may plated on nickel layer 25 to pro 
tect post 14 from environmental corrosion and attack. 
Flow diagram 700 ends at block 738. 
While the present invention has been particularly 

described with respect to the illustrated embodiments, it 
will be appreciated that various alterations, modifica 
tions and adaptations may be made based on the present 
disclosure, and are intended to be within the scope of 
the present invention. While the invention has been 
described in connection with what is presently consid 
ered to be the most practical and preferred embodi 
ments, it is to be understood that the present invention 
is not limited to the disclosed embodiments but, on the 
contrary, is intended to cover various modifications and 
equivalent arrangements included within the scope of 
the appended claims. 
What is claimed is: 
1. A wire interconnect structure for electrically cou 

pling a substrate to an integrated circuit chip, compris 
1ng: 

an electrically conductive post disposed on a surface 
of said substrate for making contact to the inte 
grated circuit, said post comprising an elongated 
body having a bottom end and top end thereof, the 
bottom end being mounted on the surface of the 
substrate and the top end for connecting to the 
integrated circuit chip by an electrical-conductive, 
reflowable material, said post comprising a mate 
rial having a higher melting point than the reflowa 
ble material such that when the post is connected 
to the integrated circuit the shape of said post does 
not substantially change; 

a peripheral edge formed around said bottom end 
next to said surface; and 

a solder fillet disposed along said peripheral edge. 
2. The wire interconnect structure of claim 1 wherein 

the top end of said post has a substantially flat surface 
which is substantially co-planer with the surface of the 
substrate. 

3. The wire interconnect structure of claim 1 wherein 
said post body is tapered such that the bottom end is 
smaller than the top end. 

4. The wire interconnect structure of claim 1 wherein 
said structure further comprises a base pad disposed 
between the substrate surface and the bottom end of 
said post, and wherein said solder fillet is disposed next 
to said base pad and along said peripheral edge. 

5. The wire interconnect structure of claim 1 wherein 
the body of said post is substantially circular in a cross 
section plane co-planer with its top end surface, the 
cross-section of said body being substantially circular 
throughout the body's direction of elongation, each of 
the top and bottom ends of said post being substantially 
circular, and wherein the ratio of the post's length in the 
direction of elongation to the diameter of circular cross 
section at its bottom end is greater than approximately 
3.5. 

6. The wire interconnect structure of claim 5 wherein 
said ratio is at least substantially 6.0. 

7. The wire interconnect structure of claim 1 wherein 
said post comprises an inner portion of a first electri 
cally conductive material and an outer coating layer of 
a second conductive material disposed on said inner 
portion. 

8. The wire interconnect structure of claim 7 wherein 
said first conductive material comprises copper and 
wherein said second conductive material comprises 
nickel. 
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9. The wire interconnect structure of claim 1 further 

comprising an oxide layer on the body of said post 
extending in the direction of elongation from the bot 
tom end of said post to a point intermediate between the 
bottom and top ends of said post. 

10. The wire interconnect structure of claim 1 
wherein said structure is physically coupled and electri 
cally coupled to a corresponding pad on an integrated 
circuit chip by a bump comprising an electrically con 
ductive polymer material. 

11. The wire interconnect structure of claim 10 
wherein said electrically conductive polymer material 
comprises one of a conductive elastomer, a metal-filled 
thermoplastic, a metal-filled epoxy resin, a silver-filled 
epoxy resin, a metal-filled polyimide, a metal filled 
epoxy-polyimide, a conductive silicone material, and a 
metal-coated compliant plastic sphere. 

12. A wire interconnect structure for electrically 
coupling a major substrate to an integrated circuit chip, 
comprising: 
an interconnect substrate having a first surface and a 

second surface; 
a first electrically conductive post disposed on the 

first surface of said interconnect substrate for mak 
ing contact to one of the integrated circuit and the 
major substrate, said first post comprising an elon 
gated body having a bottom end and top end 
thereof, the bottom end being mounted to the first 
surface of said interconnect substrate, the top end 
for connecting to one of the chip and major sub 
strate by an electrically-conductive, reflowable 
material, said time post comprising a material hav 
ing a higher melting point than the reflowable 
material such that the shape of said first post does 
not substantially change when the first post is con 
nected; 

a second electrically conductive post disposed on the 
second surface of said interconnect substrate for 
making contact to the other of the integrated cir 
cuit and the major substrate, said second post com 
prising an elongated body having a bottom end and 
top end thereof, the bottom end being mounted to 
the second surface of said interconnect substrate, 
the top end for coupling to the other of the chip 
and major substrate by an electrically conductive, 
reflowable material said second post comprising a 
material having a higher melting point than the 
reflowable material such that the shape of said 
second post does not substantially change when the 
second post is connected; and 

coupling means on said interconnect substrate for 
electrically coupling said first post to said second 
post. 

13. The wire interconnect structure of claim 12 
wherein the top end of said conductive first post has a 
substantially flat surface which is substantially co 
planer with the first surface of said interconnect sub 
strate, and wherein the top end of said second conduc 
tive post has a substantially flat surface which is sub 
stantially co-planer with the second surface of said in 
terconnect substrate. 

14. The wire interconnect structure of claim 12 
wherein said first and second posts are disposed substan 
tially opposite to one another. 

15. The wire interconnect structure of claim 12 
wherein said interconnect substrate further comprises a 
through hole between the first and second surfaces of 
said interconnect substrate and wherein said coupling 
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means comprises a plug of conductive material disposed 
in said through hole. 

16. The wire interconnect structure of claim 15 
wherein said through hole has two opposite ends, each 
at a respective one of said first and second surfaces, and 
wherein said first and second posts are disposed substan 
tially opposite to one another at respective opposite 
ends of said through hole. 

17. The wire interconnect structure of claim 12 
wherein the body of each said post is substantially circu 
lar in a cross-section plane co-planer with its top end 
surface, the cross-section of said body being substan 
tially circular throughout the body's direction of elon 
gation, each of the top and bottom ends of each said 
post being substantially circular, and wherein the ratio 
of each post's length in the direction of elongation to 
the diameter of circular cross-section at its bottom end 
is greater than approximately 3.5. 

18. The wire interconnect structure of claim 17 
wherein said ratio is at least substantially 6.0. 

19. The wire interconnect structure of claim 12 
wherein the bottom end of said first post is mounted to 
the first surface of said interconnect layer such that a 
peripheral edge is formed around said bottom end next 
to said first surface, and wherein said wire interconnect 
structure further comprises a solder fillet disposed along 
said peripheral edge. 

20. The wire interconnect structure of claim 19, 
wherein said structure further comprises a base pad 
disposed between the first surface of said interconnect 
substrate and the bottom end of said first post, and 
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wherein said solder fillet is disposed next to said base 
pad and along said peripheral edge. 

21. The wire interconnect structure of claim 13 fur 
ther comprising an oxide layer on the body of said first 
post extending in the direction of elongation from the 
bottom end of said first post to a point intermediate 
between the bottom and top ends of said first post. 

22. The wire interconnect structure of claim 12 
wherein the body of said first post is tapered such that 
the bottom end is smaller than the top end. 

23. The wire interconnect structure of claim 12 fur 
ther comprising a plurality of said first electrically con 
ductive posts disposed on the first surface of said inter 
connect substrate, a plurality of said second electrically 
conductive posts disposed on the second surface of said 
interconnect substrate, and coupling means on said in 
terconnect substrate for electrically coupling at least 
two of said first posts to corresponding ones of said 
second posts. 

24. The wire interconnect structure of claim 12 
wherein said first post is physically coupled and electri 
cally coupled to said one of the integrated circuit and 
the major substrate by a bump comprising an electri 
cally conductive polymer material. 

25. The wire interconnect structure of claim 24 
wherein said electrically conductive polymer material 
comprises one of a conductive elastomer, a metal-filled 
thermoplastic, a metal-filled epoxy resin, a silver-filled 
epoxy resin, a metal-filled polyimide, a metal filled 
epoxy-polyimide, a conductive silicone material, and a 
metal-coated compliant plastic sphere. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
PATENT NO. 5,334,804 Page 1 of 2 
DATED : August 2, 1994 
INVENTOR(S) : David G. Love, et al. 

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 1, 8' delete "connoting” and insert-connecting-. 
Column 1, 9, delete "supplying” and insert-supporting--. 
Column 1, line 51, delete "sheafing' and insert-shearing--. 
Column 6, line 62, after "70' insert-or-. 
Column 10, line 9, delete "fight' and insert-right--. 
Column 10, line 17, delete "fight” and insert-right--. 
Column 10, line 18, after "at the” delete "fight” and insert-right--. 
Column 10, line 18, after "bottom' delete "fight” and insert-right--. 
Column 17, line 51, delete “of” and insert-is-. 
Column 17, line 53, delete "is' and insert-of-. 
Column 20, line 10, delete "comer' and insert-corner--. 
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PATENTNo. 5,334.80 O Page 2 of 
DATED :August 2, 1994 
INVENTOR(S) David G. Love, et al. 

it is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 

es Column 22, line 12, delete "in'. 
Column 23, line 5, delete "comer' and insert-corner--. 
Column 23, line 12, delete "comer' and insert-corner-. 
Column 23, line 17, delete "comer' and insert-corner--. 
Column 25, line 27, delete "electrical” and insert-electrically--. 
Column 26, line 32, delete “time” and insert-first-. 
Column 26, line 46, after "reflowable material' insert ----. 
Column 28, line 3, delete "13" and insert --12-. 

Signed and Sealed this 
Twelfth Day of November, 1996 

(a teen 
BRUCE LEHMAN 

Attesting Officer Commissioner of Patents and Trademarks 
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