
1 METHOD AND APPARATUS FOR FORMING A CONDUCTIVE PATTERN ON AN INTEGRATED
CIRCUIT BACKGROUND OF THE INVENTION 5    1.  Field of the Invention The
present invention relates to methods and apparatus for fabricating
integrated circuits and more particularly to such circuit upon which
conductive bumps are formed for providing a contact point to which 10    a
lead can be bonded. 2. Description of the Related Art One means for
connecting conductive leads to an integrated circuit die is known as
tape-automated bonding (TAB).  In the TAB process, an elongate 15
continuous film includes a plurality of lead frames formed sequentially
thereon. During the manufacturing process, an integrated circuit die is
mounted on the inner ends of the leads in a frame. The outer ends of the
leads may then be used to connect the integrated 20    circuit with other
components. When processing a wafer which includes ICs that are to be used
in the TAB process, special steps are taken to create conductive bumps to
which the inner leads of the TAB frame can be heat bonded. Completed 25
wafers are first sputter etched and then deposited with a barrier metal
film of titanium/tungsten.  The titanium/tungsten layer provides a suitable
surface for a thin (approximately 1 or 2 microns) layer of gold which is
plated thereover. Photoresist is spun onto 30    the wafer in a layer 30
microns thick and exposed and developed to leave an opening over each die
bond pad. The exposed portions of the wafer are then electroplated with
gold by using an electrode to contact the thin film layer. Thereafter the
35    photoresist is stripped and the gold and titanium/tungsten thin films
are etched away leaving 



2 the wafer with 1 mil high gold bumps over each bond pad. Each bump
provides a mechanical stand-off from the surface of the IC thus preventing
lead shorting to the 5    IC and/or physical damage to the IC during the
process of bonding the inner leads on the TAB frame to the gold bumps.
SUMMARY OF THE INVENTION 10         The present invention comprises a
silicon substrate within which circuit components are formed. A plurality
of conductive pads are mounted on the surface of the substrate and are in
electrical communication with selected circuit components.  The 15    pads
are exposed through windows formed in a passivation layer formed over the
circuit.  At least some of the pads include a plurality of conductive bumps
formed thereon for providing a contact point to which a conductive lead can
be bonded.  A 20    lithographically defined conductive pattern is formed
on the passivation layer for connecting selected ones of the pads. A method
for making the integrated circuit of the invention is also provided. 25
It is a general object of the present invention to provide a method and
apparatus for forming a conductive pattern on an integrated circuit. It is
a more specific object of the present invention to provide such a method
and apparatus for 30    making electrical connections between different
parts of the circuit. It is another more specific object of the present
invention to provide such a method and apparatus which 



produces a substantially planar conductive film usable 35    as a power or
ground distribution plane or as mounting pad for a decoupling capacitor.
(err)    The foregoing and other objects, features and advantages of the
invention will become more readily apparent from the following detailed
description of a preferred embodiment which proceeds with reference to 5
the drawings. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a plan view of a
portion of a wafer having an integrated circuit formed thereon. 10
FIG. 2 is a view taken along line 2-2 in FIG. 1. FIGS. 3 and 4 are views
similar to FIG. 2 after additional wafer processing. FIGS. 5 and 6 are plan
views of different integrated circuits constructed in accordance with the
15    present invention. FIG. 7 is a view taken along line 7-7 in Fig. 6.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 20         Turning now to
FIG. 1, a portion of a silicon wafer 10 includes an integrated circuit (IC)
12 formed within dashed line 14. A plurality of other ICs (not shown) are
also formed on wafer 10 and are substantially identical to IC 12.  Wafer 10
is covered 25    with a layer of conventional photoresist 16 except for a
plurality of windows, like windows 18, 20, 22, formed about the perimeter
of the IC and channels 24, 26, 28 which interconnect selected windows as
shown. An additional window 29 is formed on an interior portion 30    of IC
12.  The pattern of windows and channels are referred to herein as a
lithographically defined pattern. The channels and windows are formed by 



spinning a layer of photoresist approximately 30 microns thick onto the
wafer using a known process. 35    Thereafter, a mask containing the
pattern of windows and channels shown in FIG. 1 is used to expose the    4
photoresist on each IC after which the exposed portion of the photoresist
is dissolved thereby creating the pattern of windows and channels shown in
FIG. 1. Each window includes four walls, three of which 5    are walls 30,
32, 34 in FIG. 2, which extend from the upper surface of photoresist 16 to
the lower surface thereof.  Similarly, in FIG. 1, each of channels 24, 26,
28 is defined by a pair of opposing walls, like walls 36, 38 in channel 28,
which extend from the top 10    layer of photoresist 16 to the bottom
thereof. Prior to applying photoresist 16 and defining the windows and a ls
as described above, patterned layers of conductive and insulative materials
are formed on the surface of the wafer beginning with a plurality of 15
conductive die bond pads, like pad 40.  Each of the windows, like windows
18, 20, 22, frames a die bond pad, like window 18 frames pad 40, which  is
electrically connected to a portion of IC 12 internally of wafer 10. As
will be seen hereinafter, bumps are plated onto the 20    die bond pads to
provide a connection point for a conductive lead.  Window 29 also frames a
conductive pad which is connected to selected regions in the IC; however,
the pad under window 29 is not one to which a lead is electrically
connected. 25         After the conductive pads, like pad 40, are formed, a
nitride passivation layer 42 is formed over wafer 10 except that a
substantial central portion of each pad, like pad 40, remains exposed.
Thereafter a 



barrier metal film 44 of titanium/tungsten is deposited 30    on the entire
wafer and a plating "seed" layer 46 of gold is deposited over layer 44.
Layers 44, 46 are referred to herein as a thin metal film.  The conductive
pads, like pad 40, and their associated connections (not shown) with the IC
formed in wafer 10 35    are constructed using a known technique.
Similarly,    5 forming of layers 42, 44, 46 as described is accomplished
using a conventional process. After the photoresist on wafer 10 is
patterned with the windows and channels as shown in FIG. 1, 5    exposed
gold layer 46 in each window and channel is plated with gold using a prior
art plating process in which an electrode is applied to layer 46. In FIG.
3, the exposed portions of gold layer 46 are plated until a bump 47 having
a height of approximately 1 mil is 10    formed in each window, like
windows 18, 20, 22, 29, and a conductive gold trace, also having a height
of approximately 1 mil, is formed in each channel, like channels 24-28.
Thereafter the remaining photoresist 16 is dissolved. 15         Next, the
exposed portion of layers 44, 46, i.e., those portions which are not
beneath the gold plated into the windows and channels, is etched away. This
leaves only the gold plated into the windows and channels, as well as
passivation layer 42, exposed on 20    the surface of the wafer.
Techniques for dissolving the photoresist and etching away layers 44, 46
are known.  The resulting structure, with reference to bump 47 is shown in
FIG. 4.  Next, each of the ICs on the wafer are cut into individual Ics in
a known manner and 25    leads or wires (not shown) are attached to each of
the 



bumps, like bump 47, on each IC to provide a means for connecting the IC to
other components. Thus, rerouting of IC connection from one bump to another
is achieved by the gold deposited in each of 30    the channels, like
channels 24, 26, 28.  This is obtained without adding additional
connections internally of the IC and without forming such connections on
the surface of wafer 10 with the bonding pads, like pad 40. Additionally,
bump 29 and the trace 35    formed in channel 24 provide a connection
between the bump formed on the end of channel 24 opposite bump 29    6 and
the internal portions of the IC to which the pad beneath bump 29 is
connected. In FIG. S. another embodiment of the invention is illustrated
including an IC 50 which is cut from a 5    wafer (not shown) upon which it
was fabricated.  IC 50 includes a plurality of bumps, like bumps 52, 54,
which are formed on the IC in the same manner as described in connection
with bump 47.  Also included are traces, like traces 56, 58, which connect
selected bumps to a 10    pair of substantially planar metal pads 60, 62.
A decoupling capacitor 64 is mounted on pads 60, 62 and is electrically
connected thereto.  Bumps 52, 54; the traces, like traces 56, 58; and pads
60, 62 are formed on IC 50 in the same fashion as the bumps and traces of
15    IC 12 as previously described.  Pads 60, 62 thus provide mounting
pads for capacitor 64 thereby increasing its decoupling capabilities by
positioning it as close as possible to IC 50. Turning now to FIG. 6,
illustrated therein is an 20    IC 66 comprising a third embodiment of the
present invention.  The IC was formed on and cut from a wafer 



as described in connection with the embodiment of FIG. 1.  Included therein
are a plurality of bumps, like bumps 68, 70; a plurality of traces, like
traces 72, 25    74; and a substantially planar gold film 76 which is
connected to selected bumps via traces, like trace 72 connects film 76 to
bump 68.  Conductive pads 78, 80, 82 are formed beneath film 76 and are
connected to internal portions of IC 66. 30         In FIG. 7 structures
similar to that as described in connection with the embodiment of FIG. 2
retain the corresponding numeral.  As can be seen in FIG. 7, layer 76 is
substantially thinner than the height of the bumps, like bump 47, described
in the embodiment of 35    FIG. 4.  It should be appreciated that the
bumps, like    bumps 68, 70, in the embodiment of FIG. 6 are substantially
the same height as bump 47 in FIG. 4. In the embodiment of FIGS. 6 and 7,
film 76 and the traces, like traces 72, 74, provide electrical 5
connection of selected bumps to internal portions of IC 66 via pads 78, 80,
82. In the present embodiment of the invention, film 76 provides a power
distribution plane. Such a circuit could be designed which incorporated a
similar film as a ground distribution 10    plane. The wafer upon which IC
66 was formed is processed slightly differently than described in
connection with previous embodiments of the invention. All of the pads,
like pads 82, and layers 42, 44, 46 are formed 15    using the same prior
art processes referred to in connection with the previously described
embodiments. Thereafter, a layer of photoresist is spun over the entire
wafer. Next, a mask (not shown) is used to expose windows only over the die
bond pads, like pads 



20    68, 70, which are formed sequentially about the perimeter of IC 66.
Windows are not provided over pads 78, 80, 82. The photoresist is then
exposed and processed to remove photoresist over each of the perimetral die
bond 25    pads.  The previously described plating process is used to form
a gold bump, like bump 68, having a height of approximately 1 mil, like
bump 47 in FIG. 4. Thereafter a second layer of photoresist is deposited on
the IC. A mask having the pattern of film 76 and 30    each of the traces,
like traces 72, 74, is then used to expose the photoresist. The exposed
photoresist is washed away thus leaving gold layer 46 exposed in a pattern
like that shown for film 76 and the traces, like traces 72, 74, 35    in
FIG.. 6.  Gold film 76 is thereafter plated onto layer 46 to the height
shown in FIG. 7 which is    8 substantially less than the height of bumps
68, 70. The process for forming the lithographically defined conductive
pattern in FIG. 6 and 7 thus uses substantially less gold than in the
previously 5    described embodiments. It is to be appreciated that this
technique could beused to form the pattern made by traces 24, 26, 28 and
bump 29 in FIG. 1 as well as pads 60, 62 and the traces, like traces 56,
58, in FIG. 5 thus reducing the 10    amount of gold required for creating
the conductive pattern.  The embodiment of FIGS. 6 and 7 thus provides
a-ground or power distribution plane and creates a lithographically defined
conductive pattern utilizing less gold than the previously described
embodiments. 15    Also provided are connections between the 



lithographically defined pattern and internal portions of the IC via pads
78, 80, 82. In another process which implements the present invention,
layers 44, 46 are etched to define the 20    lithographically conductive
pattern.  In this process, after the bumps, like bump 47 in FIG. 3, are
formed and before photoresist 16 is washed away, a mask comprising a
negative of film 76 is used to expose the photoresist.  Thereafter, the
undeveloped photoresist 25    is washed away and the exposed layers 44, 46
are etched thus leaving film 76 in the pattern shown in FIG. 6. This
implementation of the invention requires only one plating process, that in
which the bumps are formed on the die. 30         Having illustrated and
described the principles of my invention in a preferred embodiment thereof,
it should be readily apparent to those skilled in the art that the
invention can be modified in arrangement and detail without departing from
such principles. 35    (err) (err)    9 CLAIMS: 1. A method for processing
an integrated circuit of the type having conductive pads thereon which
provide contact to 5 different parts of the circuit, said method comprising
the steps of: coating the circuit with a layer of photoresist; 10
creating a lithographically defined pattern in the photoresist which
includes an opening over a plurality of the pads and a connection between
at least two of the pads; plating the circuit portions exposed in said
opening 15 with a conductive metal to a depth sufficient for creating 



a bump over each pad suitable for bonding a conductive lead thereon and for
creating a circuit connection between at least two of the pads; 20
dissolving the remaining photoresist;  and bonding different leads to the
bumps formed over the pads. 25  2.  The method of Claim 1 wherein the
integrated circuit further includes a thin metal film coating the surface
thereof and wherein said method further includes the step of etching the
metal film from the unplated portions of the integrated circuit. 30 3. The
method of Claim 1 wherein the steps of creating a lithographically defined
pattern in the photoresist and plating the exposed circuit portions further
comprise the step of creating a substantially planar metal plate. 35 4. The
method of Claim 3 wherein said method further includes the step of mounting
a decoupling capacitor on said plate. (err)    10 5. A method f or
processing an integrated circuit of the type having conductive die bond
pads disposed about the outer periphery of said integrated circuit and a
conductive pad formed on said circuit inwardly of said peripheral pads 5
and being in electrical communication with said circuit, said method
comprising the steps of: coating the circuit with a layer of photoresist;
10      creating a lithographically defined pattern in said layer of
photoresist which includes an opening over a plurality of the pads and a
connection between at least two of the pads by exposing the photoresist to
create a pattern 



which includes an opening over a plurality of the pads and 15 a connection
between said conductive pad and another pad; plating the exposed circuit
portions with a conductive metal to a depth sufficient for creating a bump
over each pad suitable for bonding a conductive lead thereto;  and 20
dissolving the remaining photoresist. 6.  A method for processing an
integrated circuit of the type having die bond pads thereon, said method
comprising 25 the steps of: coating the circuit with a first layer of
photoresist; creating a first lithographically defined pattern in the 30
photoresist which includes an opening over a plurality of the pads; plating
the exposed circuit portions with a conductive metal to a depth sufficient
for creating a bump over each 35 pad suitable for bonding a conductive lead
thereto; dissolving the remaining photoresist; (err) (err)    coating the
circuit with a second layer of photoresist; creating a second
lithographically defined pattern in the second layer of photoresist which
includes a connection 5 between at least two of the pads; and plating the
exposed circuit portions with a conductive metal to a depth substantially
thinner than the depth of the first plating. 10 7.  The method of Claim 6
wherein the integrated circuit further includes a thin metal film coating
the surface thereof and wherein said method further includes the step of
etching the metal film from the unplated portions of the 15 integrated
circuit. 



8.  The method of Claim 6 wherein the steps of creating a second
lithographically defined pattern in the second layer of photoresist pattern
and plating the exposed circuit 20 portions with a conductive metal to a
depth substantially thinner than the depth of the first plating comprise
the step of creating a substantially planar metal plate. 9. The method of
Claim 8 wherein said method further 25  includes the step of mounting a
decoupling capacitor on said plate. 10. The method of Claim 6 wherein: 30
said die  bond pads  are disposed  about  the outer periphery of said
integrated circuit; said integrated circuit further includes a conductive
pad formed on said circuit inwardly of said die bond pads 35 and being in
electrical communication with said circuit; and the step of creating a
second lithographically defined    pattern in the second layer of
photoresist comprises the step of exposing the second layer of photoresist
to create a  pattern  which  includes  a  connection  between  said
conductive pad and another pad. 5 11. The method of Claim 5 further
comprising the steps of: coating the circuit with a second layer of
photoresist after the step of dissolving the photoresist remaining in 10
said first layer; creating a lithographically defined pattern in the N
second layer of photoresist which includes a connection between at least
two of the bumps; 15 plating the exposed circuit portions with a conductive
metal to a thickness substantially thinner than the height of the bumps
thereby defining a circuit connection. 



20  12. The method of Claim 11 wherein said method further includes the
step of etching the thin metal film from the unplated portions of the
integrated circuit. 13. The method of Claim 11 wherein the steps of
creating a 25  lithographically defined pattern in the photoresist which
includes a connection between at least two of the bumps and plating the
exposed circuit portions with a conductive metal to a thickness
substantially thinner than the height of the bumps comprise the step of
creating a substantially planar 30 metal plate. 14. The method of Claim 13
wherein said method further includes the step of mounting a decoupling
capacitor on said plate. 35 15. The method of Claim 11 wherein said
integrated circuit further includes a conductive pad formed on said circuit
inwardly of said bumps and being in electrical communication    (err) with
said   circuit   and  the   step  of   creating  a lithographically defined
pattern in the photoresist comprises the step of exposing the photoresist
to create a pattern which includes a connection between said conductive 5
pad and a bump. 16. The method of Claim 1 further comprising the step of:
creating a second lithographically defined pattern in 10 the photoresist;
and etching away the portion of the thin metal layer not covered by
photoresist. 15 (err)    


