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(57) ABSTRACT 
A method for forming three-dimensional circuitiZation in a 
substrate is provided for forming conductive traces and via 
contacts. In the method, a substrate formed of a substantially 
insulating material is ?rst provided, grooves and apertures in 
a top surface of and through the substrate are then formed, 
followed by ?lling the grooves and apertures With an elec 
trically conductive material such as a solder. The method can 
be carried out at a low cost to produce high quality circuit 
substrates by utilizing an injection molded solder technique 
or a molten solder screening technique to ?ll the grooves and 
the apertures. The grooves and the apertures in the substrate 
may be formed by a variety of techniques such as chemical 
etching, physical machining and hot stamping. 
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METHOD FOR FORMING THREE-DIMENSIONAL 
CIRCUITIZATION AND CIRCUITS FORMED 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to a method 
for forming three-dimensional circuitiZation in a substrate 
and circuit formed and more particularly, relates to a method 
for forming conductive traces in a substrate for providing 
electrical communication betWeen conductive regions by a 
molten solder screening technique and circuits formed by 
the technique. 

BACKGROUND OF THE INVENTION 

[0002] The circuitiZation process for electronic substrates 
usually involves several sequential processing steps. Among 
these steps are the initial chemical or physical machining of 
substrate line traces and via holes. Thereafter, the traces and 
holes are treated With various solutions to produce the 
metaliZed ?nish required to make them electrically conduc 
tive. A ?nal step is then required to deposit joining metal 
lurgy, usually of the solder type, to attach the electronic 
components. After surface grooves or via holes are ?rst 
formed in the top surface or through a substrate and treated 
With a Wetting material such as a ?ux, a suitable technique 
for ?lling the grooves and holes must be utiliZed to enable 
a reliable and loW cost process for forming three-dimen 
sional circuitiZation in the substrate. Suitable techniques that 
can be used for ?lling the grooves and holes can be selected 
from injection molded solder (IMS) technique or a molten 
solder screening (MSS) technique. 

[0003] The IMS technique has been developed to replace 
a solder paste screening technique that is normally used in 
bumping semiconductor substrates. A major advantage of 
the IMS technique is that there is little volume change 
betWeen the molten solder and the resulting solder bump. 
The IMS technique utiliZes a head that ?lls boro-silicate 
glass molds that are Wide enough to cover most single chip 
modules. A narroW Wiper provided behind the solder slot 
passes the ?lled holes once to remove excess solder. The 
IMS method for solder bonding is then carried out by 
applying a molten solder to a substrate in a transfer process. 
When smaller substrates, i.e., chip scale or single chip 
modules (SCM’s) are encountered, the transfer step is 
readily accomplished since the solder-?lled mold and sub 
strate are relatively small in area and thus can be easily 
aligned and joined in a number of con?gurations. For 
instance, the process of split-optic alignment is frequently 
used in joining chips to substrates. The same process may 
also be used to join a chip-scale IMS mold to a substrate 
(chip) Which Will be bumped. 

[0004] A more recently developed method that alleviated 
the limitations of the solder paste screening technique of 
signi?cant volume reductions betWeen the initial paste and 
the ?nal solder volume is the molten solder screening (MSS) 
method. In the MSS method, pure molten solder is dis 
pensed. When the MSS solder-bumping method is used on 
large substrates such as 8 inch or 12 inch Wafers, surface 
tension alone is insuf?cient to maintain intimate contact 
betWeen a mold and a substrate. In order to facilitate the 
required abutting contact over large surface areas, a neW 
method and apparatus for maintaining such are necessary. 

[0005] For instance, in a co-pending application of Attor 
ney Docket No. YO997-216 commonly assigned to the 
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Assignee of the present application Which is hereby incor 
porated by reference in its entirety, a method for forming 
solder bumps by a MSS technique that does not have the 
draWbacks or shortcomings of the conventional solder 
bumping techniques has been proposed. In the method, a 
?exible die member is used in combination With a pressure 
means to enable the die member to intimately engage a mold 
surface and thus ?lling the mold cavities and forming the 
solder bumps. The ?exible die head also serves the function 
of a Wiper by using a trailing edge for removing excess 
molten solder from the surface of the mold. 

[0006] The MSS process can be carried out by ?rst ?lling 
a multiplicity of cavities in the surface of a mold With molten 
solder. This is accomplished by ?rst providing a stream of 
molten solder and then passing a multiplicity of cavities in 
the mold surface in contact With the surface of the stream 
While adjusting a contact force such that the molten solder 
exerts a pressure against the surface of the mold to ?ll the 
cavities With solder and to remove excess solder from the 
surface of the mold. The stream of molten solder is supplied 
through a die head constructed of a ?exible metal sheet that 
is capable of ?exing at least 0.0015 inches per inch of the die 
length. The solder has a composition betWeen about 58% 
tin/42% lead and about 68% tin/32% lead. The multiplicity 
of cavities each has a depth-to-Width aspect ratio of betWeen 
about 1:1 and about 1:10. The mold body is made of a 
material that has a coef?cient of thermal expansion substan 
tially similar to that of silicon or the ?nal solder receiving 
material. The contact betWeen the multiplicity of cavities 
and the surface of the molten solder stream can be adjusted 
by a pressure means exerted on the ?exible die. 

[0007] The MSS method is therefore a neW technique for 
solder bumping large 8 inch or even 12 inch silicon Wafers. 
As previously described, the technique basically involves 
?lling cavities in Wafer-siZed mold plates With molten sol 
der, solidifying the solder and then transferring the solder in 
these cavities to the Wafer. The transfer process requires 
aligning the cavities in a mold plate to the solder receiving 
pads on a silicon Wafer and then heating the assembly to a 
solder re?oW temperature. This results in the molten solder 
to metallurgically bond to the metaliZed pads on the Wafer 
and thus assuring the solder in each cavity to transfer from 
the mold plate to the Wafer. Since various solder alloys are 
readily processed With the MSS technique, the mold plate 
and Wafer assembly must remain aligned throughout the 
re?oW process. Since the contact area betWeen mold plate 
and Wafer covers an entire 8 inch or 12 inch silicon Wafer, 
it is important that these materials match very closely in 
coef?cient of thermal expansion (CTE), for instance, When 
the mold plate is fabricated of a borosilicate glass. 

[0008] It is therefore an object of the present invention to 
provide a method for forming conductive traces in a sub 
strate that does not have the draWbacks or shortcomings of 
a conventional method. 

[0009] It is another object of the present invention to 
provide a method for forming conductive traces in a sub 
strate that does not require the Wet-processing technique of 
electrodeposition. 

[0010] It is a further object of the present invention to 
provide a method for forming conductive traces in a sub 
strate that is capable of producing high quality circuits at loW 
cost. 
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[0011] It is another further object of the present invention 
to provide a method for forming conductive traces in a 
substrate by scanning the substrate With an injection molded 
solder technique. 

[0012] It is still another object of the present invention to 
provide a method for forming conductive traces in a sub 
strate by utilizing the molten solder screening technique. 

[0013] It is yet another object of the present invention for 
forming conductive traces in a ?exible substrate such as a 
polyimide ?lm for forming ?exible circuits. 

[0014] It is still another further object of the present 
invention to provide a method for forming conductive traces 
and vias in a plastic laminated board in a three-dimensional 
circuitiZation. 

[0015] It is yet another further object of the present 
invention to provide an electronic substrate Which includes 
a substrate of insulating material and at least one surface 
trace and via contact ?lled With a conductive metal for 
providing electrical communication betWeen tWo conductive 
regions. 

SUMMARY OF THE INVENTION 

[0016] In accordance With the present invention, a method 
for forming conductive traces and via contacts in a substrate 
and circuits formed therefrom are provided. 

[0017] In a preferred embodiment, a method for forming 
conductive traces in a substrate can be carried out by the 
operating steps of providing a substrate of a substantially 
electrically insulating material, forming grooves and aper 
tures in a top surface of and through the substrate, and ?lling 
the grooves and apertures With an electrically conductive 
material. 

[0018] The method for forming conductive traces in a 
substrate may further include the step of forming the 
grooves and apertures by a technique selected from chemical 
etching, physical machining and hot stamping. The grooves 
and apertures formed are grooves for line traces and aper 
tures for via holes. The substrate may be formed of a 
polymeric material, While the electrically conductive mate 
rial may be a non-lead solder, or a lead-based solder. The 
method may further include the step of cooling the electri 
cally conductive material until it solidi?es. 

[0019] The method for forming conductive traces in a 
substrate may further include the step of forming a passi 
vation layer over the substrate and the grooves and apertures 
?lled With electrically conductive material. The passivation 
layer may be formed of a dielectric material. The method 
may further include the step of forming line traces and via 
contacts in the insulating substrate by a molten solder 
screening technique. The method may further include the 
step of forming via contacts that provide electrical commu 
nication betWeen line traces that are situated in different 
layers in the insulating substrate. The method may further 
include the step of forming via contacts that provide elec 
trical communication betWeen conductive regions in the 
insulating substrate. 

[0020] In an alternate embodiment, a method for forming 
a three-dimensional circuit in a substrate can be carried out 

by the steps of providing an insulating substrate, forming a 
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least tWo surface indentations in the insulating substrate, and 
?lling the at least tWo surface indentations With an electri 
cally conductive material. 

[0021] In the method forming a three-dimensional circuit 
in a substrate, the insulating substrate may be fabricated of 
a polymeric material. The at least tWo surface indentations 
formed may include a groove and an aperture. The method 
may further include the step of forming a line trace and a via 
contact in the insulating substrate, or the step of forming a 
via contact for providing electrical communication betWeen 
tWo line traces. The method may further include the step of 
providing electrical communication betWeen tWo conductive 
regions by the at least tWo surface indentations ?lled With 
the electrically conductive metal. 

[0022] In the method for forming a three-dimensional 
circuit in a substrate, the method may further include the 
step of electrically connecting tWo conductive regions by a 
conductive trace formed in one of the at least tWo surface 
indentations. The method may further include the step of 
electrically connecting tWo conductive regions by a via 
contact formed in the at least tWo surface indentations. The 
method may further include the step of ?lling the at least tWo 
surface indentations by a molten solder screening technique, 
or the step of ?lling the at least tWo surface indentations by 
an injection molded solder technique. 

[0023] The present invention is further directed to an 
electronic substrate Which includes a substrate formed of a 
substantially insulating material, at least one surface groove 
in the substrate that is ?lled With a conductive metal, and at 
least one aperture in the substrate ?lled With the conductive 
metal to provide electrical communication to the at least one 
surface groove ?lled With conductive metal. 

[0024] The electronic substrate may further include a 
passivation layer overlying the substrate, the surface groove 
and the aperture. The passivation layer may be formed of a 
dielectric material. The electronic substrate may further 
include at least one line trace formed in the at least one 
surface groove and at least one via contact formed in the at 
least one aperture. 

[0025] The present invention is further shoWn in a ?rst 
implementation eXample of a method for forming a chip 
scale package for direct chip attach that can be carried out 
by the operating steps of providing an IC chip that has a 
plurality of conductive pads formed in an active surface, 
attaching a pliable ?lm that has a plurality of apertures 
formed therein positioned corresponding to locations of the 
plurality of conductive pads to the active surface of the IC 
chip, ?lling the plurality of apertures With an electrically 
conductive material forming a plurality of electrically con 
ductive columns for making electrical contacts With the 
plurality of conductive pads, and forming a plurality of 
solder balls on the pliable ?lm each in electrical communi 
cation With one of the plurality of electrically conductive 
columns. 

[0026] In the method for forming a chip-scale package for 
direct chip attach, the IC chip is unitary With a semicon 
ductor Wafer. The pliable ?lm may be a polymeric-based 
?lm, or may be made of a material selected from the group 
consisting of polyimide, polyamide, polyester and PTFE. 
The method may further include the step of ?lling the 
plurality of apertures With a high melting point solder 
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material, or the step of ?lling the plurality of apertures With 
a solder such as 97/3 Pb/Sn. The method may further include 
the step of forming the plurality of solder balls on the pliable 
?lm by a technique selected from solder injection molding, 
solder ball preform placement and solder paste screening. 
The method may further include the step of forming the 
plurality of solder balls in an eutectic Pb/Sn solder. 

[0027] The present invention is still further shoWn in a 
second implementation example of a method for forming a 
Wafer-level package for ?ip chip attachment that can be 
carried out by the steps of providing an IC chip in a Wafer 
that has a plurality of conductive pads formed in an active 
surface, attaching a pliable ?lm that has a plurality of 
apertures formed therein positioned corresponding to loca 
tions of the plurality of conductive pads on the active surface 
of the IC chip, ?lling the plurality of apertures With an 
electrically conductive material forming a plurality of elec 
trically conductive columns for making electrical contacts 
With the plurality of conductive pads, forming a plurality of 
conductive runners on top of the pliable ?lm each in 
electrical communication With one of the plurality of elec 
trically conductive columns, and forming a plurality of 
solder balls each on one of the plurality of conductive 
runners in electrical communication With one of the plurality 
of conductive pads on the IC chip through one of the 
plurality of electrically conductive columns. 

[0028] In the method for forming a Wafer-level package 
for ?ip chip attachment, the pliable ?lm may be a polymeric 
based ?lm selected from the group consisting of a polyimide 
?lm, a polyamide ?lm, a polyester ?lm and a PTFE ?lm. The 
method may further include the step of ?lling the plurality 
of apertures With a high melting point solder material. The 
step of ?lling the plurality of apertures With an electrically 
conductive material may be carried out by a screen printing 
or a solder injection molding technique. The method may 
further include the step of forming the plurality of solder 
balls on the pliable ?lm by a technique selected from the 
group consisting of solder injection molding, solder ball 
preform placement and solder paste screening. The method 
may further include the step of forming the plurality of 
solder balls in an eutectic Pb/Sn solder. The method may 
further include the steps of severing the IC chip from the 
Wafer, and encapsulating the IC chip in a molding compound 
exposing the plurality of solder balls. 

[0029] The present invention is still further shoWn in a 
third implementation example of a method for forming an IC 
chip/leadframe package by the operating steps of providing 
an IC chip that has a plurality of conductive pads in an active 
surface, providing a leadframe that is equipped With a 
plurality of lead ?ngers for making electrical connections 
With the IC chip, attaching an electrically insulating ?lm to 
the active surface of the IC chip and the plurality of lead 
?ngers, the electrically insulating ?lm has a plurality of 
apertures therethrough exposing the plurality of conductive 
pads and the plurality of lead ?ngers, ?lling the plurality of 
apertures With an electrically conductive material making 
electrical connection With the plurality of conductive pads 
and forming a plurality of conductive runners on top of the 
electrically insulating ?lm such that each runner electrically 
connecting a conductive pad to a lead ?nger, and encapsu 
lating the IC chip and the plurality of lead ?ngers in a 
molding compound. 
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[0030] In the method for forming an IC chip/leadframe 
package, the electrically insulating ?lm may be a polymeric 
based ?lm selected from the group consisting of a polyimide 
?lm, a polyamide ?lm, a polyester ?lm and a PTFE ?lm. The 
method may further include the step of providing the lead 
frame in a metal that includes copper. The method may 
further include the step of ?lling the plurality of apertures 
With a high melting point solder material. The method may 
further include the step of ?lling the plurality of apertures 
With an electrically conductive material by a solder injection 
molding or a screen printing technique. 

[0031] The present invention is still further shoWn in a 
fourth implementation example of a method for forming a 
chip-on-?ex package that can be carried out by the operating 
steps of providing an IC chip that has a plurality of con 
ductive pads in an active surface, providing a ?exible ?lm 
equipped With a plurality of apertures and a plurality of thin 
?lm Wiring on a top surface, and ?lling the plurality of 
apertures With an electrically conductive material When a 
bottom surface of the ?exible ?lm is positioned juxtaposed 
to the active surface of the IC chip such that a plurality of 
conductive runners are formed on the top surface of the 
?exible ?lm and a plurality of conductive columns are 
formed in the apertures for providing electrical communi 
cation betWeen the plurality of conductive pads on the IC 
chip and the plurality of thin ?lm Wiring on the ?exible ?lm. 

[0032] The method for forming a chip-on-?ex package 
may further include the step of providing the ?exible ?lm in 
a ?exible circuitry. The method may further include the step 
of providing a pre-amp chip for use in a disk drive appli 
cation. The method may further include the step of ?lling the 
plurality of apertures With a solder material that includes 
lead. The method may further include the step of ?lling the 
plurality of apertures by a solder injection molding or a 
screen printing technique. The method may further include 
the step of providing the ?exible ?lm in a material selected 
from the group consisting of polyimide, polyamide, poly 
ester and PTFE. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] These and other objects, features and advantages of 
the present invention Will become apparent from the fol 
loWing detailed description and the appended draWings in 
Which: 

[0034] FIG. 1A is a plane vieW of a substrate made of a 
substantially insulating material after a circuit pattern is 
formed by chemical etching or physical machining. 

[0035] FIG. 1B is a cross-sectional vieW of the substrate 
of FIG. 1A. 

[0036] FIG. 2A is a plane vieW of a present invention 
substrate after the circuit pattern is ?lled With a conductive 
metal forming traces and vias. 

[0037] FIG. 2B is a cross-sectional vieW of the circuit 
substrate of FIG. 2A. 

[0038] FIG. 3A is a plane vieW of the present invention 
substrate of FIG. 2A after a passivation layer is deposited on 
top of the substrate. 

[0039] FIG. 3B is a cross-sectional vieW of the substrate 
of FIG. 3A. 
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[0040] FIG. 4A is an enlarged, cross-sectional vieW illus 
trating a method for joining a component directly onto a 
solidi?ed solder substrate pad before localized heating. 

[0041] FIG. 4B is an enlarged, cross-sectional vieW illus 
trating the method of joining a component directly onto the 
solidi?ed solder substrate pad after localiZed heating. 

[0042] FIG. 5A is a plane vieW of a ?xture for ?lling 
surface grooves and vias in a substrate by a molten solder 
screening technique. 
[0043] FIG. 5B is a cross-sectional vieW of the ?Xture in 
FIG. 5A With an alignment plate positioned on top. 

[0044] FIG. 5C is a cross-sectional vieW of the ?Xture of 
FIG. 5B With the spring base plate and the Wafer carried by 
the plate mounted in the ?Xture frame. 

[0045] FIG. 6 is an enlarged, cross-sectional vieW of a ?rst 
implementation eXample of the present invention novel 
method for direct chip attach of a chip-scale package. 

[0046] FIG. 7A is an enlarged, cross-sectional vieW of a 
second implementation eXample of the present invention 
method of a ?ip chip attachment from a Wafer-level package. 

[0047] FIG. 7B is a plane vieW of the second implemen 
tation eXample shoWn in FIG. 7A. 

[0048] FIG. 8A is an enlarged, cross-sectional vieW of a 
third implementation eXample of the present invention 
method for forming an IC chip/leadframe package. 

[0049] FIG. 8B is an enlarged, cross-sectional vieW of an 
alternate embodiment of the present invention method for 
forming an IC chip/leadframe package. 

[0050] FIG. 9A is a plane vieW of a fourth implementation 
eXample of the present invention method for forming a 
chip-on-?eX package. 

[0051] FIG. 9B is a cross-sectional vieW of the fourth 
implementation eXample of the chip-on-?eX package of 
FIG. 9A. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0052] The present invention discloses a method for form 
ing three-dimensional circuitiZation in a substrate by form 
ing conductive traces and via contacts. 

[0053] In the method, a substrate that is made of a sub 
stantially electrically insulating material is ?rst provided. 
Surface grooves in a top surface of the substrate and 
apertures through the substrate are then formed by anyone of 
a variety of techniques such as chemical etching, physical 
machining, hot stamping, etc. The surface grooves and 
apertures are then ?lled With an electrically conductive 
material, such as s a solder material. The present invention 
novel method utiliZes either an injection molded solder 
technique or a molten solder screening technique Which 
enables the ?lling process of the grooves and apertures to be 
accomplished at loW cost and high quality circuits to be 
produced. 

[0054] The surface grooves and apertures formed are 
grooves for line traces and apertures for via holes. The 
grooves for line traces are ?lled With a solder material to 
form conductive traces, and the via holes are ?lled With a 
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conductive material to form via contacts. The conductive 
traces and via contacts can be used in a substrate for 
connecting conductive regions that are situated in the same 
layer or in different layers in the substrate. 

[0055] The present invention further discloses a method 
for forming a three-dimensional circuit in a substrate by ?rst 
providing an insulating substrate, forming at least tWo 
surface indentations in the insulating substrate, and then 
?lling the at least tWo surface indentations With an electri 
cally conductive material such as a solder. The surface 
indentations may have a large depth such that it penetrates 
through the thickness of the substrate. The at least tWo 
surface indentations formed may include surface grooves 
and via holes. After ?lling With a conductive metal, line 
traces and via contacts are formed in the insulating substrate. 

[0056] The present invention further discloses an elec 
tronic substrate Which consists of a substrate that is formed 
of a substantially insulating material, at least one surface 
groove in the substrate that is ?lled With a conductive metal, 
and at least one aperture in the substrate that is ?lled With the 
conductive metal to provide electrical communication to the 
at least one surface groove. The electronic substrate may 
further include a passivation layer that is deposited on top of 
the substrate, the surface groove and the aperture. The 
passivation layer is formed of a dielectric material. 

[0057] In the present invention, indentations for circuit 
traces and via holes are ?rst formed in the substrate by a 
chemical or physical method Which includes chemical etch 
ing, physical machining, hot stamping, etc. After the inden 
tations for the traces and via holes are formed, the surface of 
the substrate may be scanned by a molten solder screening 
or an injection molded solder technique for ?lling the 
indentations With a conductive metal such as a solder. The 
process ?lls any indentations or depressions in the substrate 
material With a high electrical conductivity solder including 
all circuit lines and via holes. The solder material after 
solidi?cation serves both as electrical conductive lines and 
vias, as Well as component joining metallurgy. 

[0058] One of the suitable techniques for carrying out the 
present invention novel method is the MSS process. The 
MSS process is Well suited for large substrates, i.e., 8 inch 
or 12 inch Wafers, since it incorporates a ?exible solder head 
that Will folloW any substrate camber. Furthermore, in most 
cases, the pressure-only solder supply is capable of ?lling 
both the circuit traces and the via holes. 

[0059] In an alternate embodiment, When via holes have 
eXtreme depth-to-Width aspect ratios, i.e., larger than 10 or 
even 30, the substrate can be ?rst scanned With the injection 
molded solder process. The vacuum slot and vacuum link 
utiliZed in the IMS process evacuate air from the high aspect 
ratio via holes and furthermore, maintain the vacuum until 
the solder slot back?lls these With molten solder. In this case, 
the IMS head vacuum link must be longer than the longest 
circuit trace to prevent cross-leaking of solder betWeen 
vacuum and solder slots. 

[0060] Referring noW to FIG. 1A, Wherein a present 
invention circuit substrate 10 is shoWn in a plane vieW. The 
circuit substrate 10 may be suitably made of silicon, FR4 for 
laminate, polyimide sheet, polyimide thin-?lm coating or 
any other suitable materials. The circuit substrate shoWn in 
FIG. 1A has surface grooves 12, 16 and via holes 14 formed 
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therein. The depth of the surface grooves 12, 16 and the 
depth of the via holes 14 are shoWn in a cross-sectional vieW 
of the circuit substrate 10 in FIG. 1B. The surface grooves 
12, 16 and the via holes 14 can be suitably formed by a 
variety of techniques. For instance, they can be formed by 
chemical etching, physical machining, hot stamping or hot 
stamp molding to form recessed traces, indentations, depres 
sions and via holes or via openings. The horiZontal line 
traces 12, 16 and the vertical via holes 14 can be utiliZed to 
connect tWo or more circuit layers. As shoWn in FIGS. 1A 
and 1B, the circuit substrate has not yet been metaliZed and 
thus the surface grooves and the via holes are not electrically 
conductive. 

[0061] After the surface grooves 12, 16 and the via holes 
14 are ?lled With a conductive metal, an electrically con 
ductive path is established betWeen the via contact 24 and 
the line trace 26. This is shoWn in FIGS. 2A and 2B. The 
surface grooves 12, 16 and the via holes 14 are ?lled With 
a conductive metal in a MSS or IMS process. With a single 
scan of the MSS or IMS process, both the horiZontal (e.g., 
the surface grooves 12, 16) and the vertical (via the holes 14) 
circuit features can be ?lled or metaliZed With a conductive 
metal such as a solder. A three-dimensional circuit is thus 
formed. 

[0062] After the solder material ?lled in the traces 12, 16 
and via holes 14 has solidi?ed, a ?nal surface passivation 
layer 18 can be applied to the top surface 20 of the substrate 
10. Similar to that used in standard plating metaliZation 
process, the purpose of the passivation layer 18 is to protect 
the metaliZed circuit traces 22, 26 and vias 24 from oxida 
tion, mechanical damage, as Well as providing electrical 
isolation. The passivation material layer 18 can be deposited 
by screening in Which the solder pads are left uncoated due 
to the mask pattern. The passivation layer 18 may further be 
deposited by ?rst depositing a blanket layer of the passiva 
tion material and then pattern the layer by laser ablation or 
other suitable techniques. 

[0063] In the present invention novel method, any suitable 
passivation material can be used. Typically, these materials 
consist of polymers that are non-conductive and matched as 
close as possible to the coef?cient of thermal eXpansion 
(CTE) of the substrate material. Depending on the circuit 
substrate 10, one of such family of materials that can be 
suitably used as a passivation layer is polyimide. 

[0064] The present invention further enables component 
joining as shoWn in FIGS. 4A and 4B. The component 
joining is accomplished by placing the leads 28 or solder 
balls, columns, etc., of the component directly onto a 
solidi?ed solder substrate pad 30. A localiZed heating pro 
cess causes the solder pad 30 to Wet the component joining 
member 28 Which have been pre-?uXed to assure oXide 
reduction. In the present invention method, the surface 
tension of solder, i.e., 0.5 J/M2, is the only limiting factor 
that controls the feature siZe. As long as the substrate 
features to be ?lled are larger than about 6 microns, the 
solder Will enter and ?ll these features, Whether they are line 
traces or via holes. FIG. 4B shoWs the component lead 28 
is soldered to the substrate bond pad 30 after localiZed 
heating. As seen in FIGS. 4A and 4B, a passivation layer 18 
further covers and protects the top surface 20 of the circuit 
substrate 10. 

[0065] A typical method for ?lling the grooves and aper 
tures With a molten solder screening technique is shoWn in 
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FIGS. 5A, SB and 5C. Anovel aspect of the MSS technique 
is the use of a ?Xture 40 Which the circuit substrate 10 is 
joined to for providing necessary mechanical features for the 
process. As shoWn in FIG. 5A, the planariZing and squaring 
up ?Xture 40 assures that the MSS head does not hang over 
the edge of the circuit substrate 10 at the start and at the end 
of the scanning process. Since the solder slot in a MSS head 
is Wide enough to cover the entire area of a circuit substrate, 
such as an 8 inch or a 12 inch Wafer, run-on and run-off areas 
Would cause the solder to spill Where the head overhangs the 
Wafer edge. 

[0066] To prevent the spilling of solder, ?Xture 40 is 
therefore used to square-off the round circuit substrate 10. 
The mounting of the circuit substrate 10 into the planariZing 
?Xture 40 can be carried out by ?rst placing the circuit 
substrate 10 on a circular-shaped spring base plate 42 Which 
has a slightly larger diameter than the circuit substrate 10. A 
high temperature putty ring 44 such as a partially cured 
silicone rubber, etc., is then placed in and around the outer 
edge gap 46. Since the top surface 18 of the circuit substrate 
10 and the top surface 48 of the ?Xture frame 50 must be on 
eXactly the same plane, a reference ?at plate 54, or an 
alignment plate is placed on top of the circuit substrate 10 
and pushed doWn until it bottoms out against the top surface 
48 of the ?Xture frame 50. Aplurality of spring means 60 are 
positioned betWeen a bottom surface 56 of the cavity 58 and 
a bottom surface 62 of the spring base plate 42 for pushing 
the spring base plate 42 outWardly aWay from the cavity 58. 

[0067] After the reference ?at plate 54 bottoms out on the 
?Xture frame 50, four mechanical locking means 70 are 
activated Which lock the spring base plate 42 into a pla 
nariZed position. The mechanical locking means 70 may be 
suitably bolts that threadingly engage a threaded hole (not 
shoWn) in the ?Xture frame 50 With a tip 72 of the bolt 70 
eXerting a compressive force on a peripheral edge 64 on the 
spring base plate 42. The mechanical locking means 70 
locks the spring base plate 42 such that the relative position 
betWeen the plate 42 and the ?Xture frame 50 is ?xed. The 
reference ?at plate, or the alignment plate 54 Which is used 
to assure planarity betWeen the circuit substrate top surface 
76 and the top surface 48 of the ?Xture frame 50 can noW be 
removed. 

[0068] To assure absolute planarity, the putty ring 44 may 
be trimmed by running a raZor edge along the gap betWeen 
the circuit substrate parameter and the ?Xture frame 50. The 
circuit substrate/?xture assembly 40 is then ready for the 
molten solder screening process in Which a molten solder 
dispensing head (not shoWn) scans and ?lls the entire Wafer. 
The ?Xture frame 50 provides the run-on and run-off areas 
required to prevent the solder from spilling out. 

IMPLEMENTATION EXAMPLES 

[0069] In the present invention novel method, the initial 
circuit traces of surface grooves and via holes may be 
formed by a variety of techniques. One of the techniques is 
a hot stamp molding method Which can be suitably used to 
form depressions in a substrate material that is most likely 
a hot stampable plastic. The surface grooves and via holes 
thus appear as actually hot-stamp molded into the substrate 
material. The limitation of such a loW cost method for 
producing the solder receiving depressions is that it can only 
be used in certain substrate materials such as plastic lami 
nates. 
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[0070] The present invention novel method is greatly 
improved over that of a deep solid solder deposit (DSSD) 
method Which has been developed by others. The DSSD 
method utiliZe a technique similar to Wave soldering for 
?lling depressions With a molten solder. HoWever, the DSSD 
method relies on solder surface tension and pre-metaliZed 
depressions by electroplating for solder ?lls. To the contrary, 
the present invention three-dimensional circuitiZation 
method requires none of the preliminary substrate process 
ing, i.e., electroplating, to metaliZe the depressions. Further 
more, neither the M55 nor the IMS technique relies on 
surface tension to separate the cavity and the supply solder 
volumes and are thus much more precise in their cavity 
?lling characteristics. 

[0071] The present invention novel method can be used in 
a variety of applications. For instance, in fabricating ?exible 
circuits on a polyimide ?lm such as Kapton® TM; in 
standard circuitiZation of plastic laminated boards, and in 
thin ?lm (polyimide) redistribution layers on silicon or 
glass-ceramic substrates. The present invention is further 
applicable in processes for building a multi-layer circuit by 
?lling sequentially deposited layers of polyimide With a 
solder material. As long as each succeeding layer is aligned 
and patterned in such a Way as to complete electrical path 
With the previous layer, the present invention novel method 
enables many layers to be stacked together. The solder 
material should be solidi?ed before each neW layer is 
deposited. While solder material does not have the same 
electrical conductivity of copper or gold, it is sufficient for 
many loW cost applications. Furthermore, in certain appli 
cations, a ?nal gold ?ashing technique may be used in high 
frequency applications, such as in communications. 

[0072] The present invention novel method of three-di 
mensional circuitiZation presents a variety of novel features 
such as eliminating the need for Wet-processing, i.e., plating, 
circuit substrates; circuitiZing line traces and via holes 
simultaneously With electrically conductive solder; elimi 
nating the need for additional solder for component attach; 
and producing multi-layer circuits or thin-?lm redistribu 
tions by processing sequentially deposited layers. 

[0073] The present invention novel method for three 
dimensional circuitiZation can best be demonstrated in the 
folloWing implementation examples. 

[0074] In the ?rst implementation example, as shoWn in 
FIG. 6, a direct chip attach chip-scale package 72 is 
provided. In the chip-scale package 72, the cost and pro 
cessing advantages made possible by the present invention 
novel method described above are realiZed. Speci?cally, the 
solder injection molded circuitry and the interconnect tech 
nology are used to create chip to package/board intercon 
nections. A solder column, such as 97/3 Pb/Sn is encapsu 
lated in a polymeric-based material layer 76, Which is 
initially attached to Wafer 32. A suitable polymeric-based 
layer may be formed of a material such as polyimide, 
polyamide, polyester or PTFE. The solder columns 74 
encapsulated in the polymeric material layer 76, are used to 
accommodate chip-to-board thermal expansion mismatch 
and thereby, precluding the need for encapsulating the 
eutectic solder balls 78 Which is also deposited at the Wafer 
level, for instance, by a solder injection molding technique. 
Alternative methods for depositing the eutectic solder balls 
78 may include solder ball preform placement (pick and 
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place) and solder paste screening. By utiliZing the present 
invention novel method, the package may be created entirely 
at the Wafer-level Without utiliZing expensive back end of 
line processing technologies to deliver the required inter 
connection density. After the deposition of the eutectic 
solder balls, each chip/package component may be severed 
from the Wafer using conventional Wafer dicing processes. 

[0075] In a second implementation example, shoWn in 
FIGS. 7A and 7B, a ?ip chip micro-package formed 
betWeen a ?ip chip and a package/board is provided. The 
package 80 shoWn in FIG. 7A is suitable for applications 
Wherein the number of chip-to-package interconnections 
requires the use of an interconnection con?guration that can 
be best accomplished by the present invention novel solder 
injection molded circuitry and interconnect technology. In 
this example, discrete chips can be attached to a large format 
PTFE ?lm 82, or to any other suitable polymeric-based ?lm. 
A solder injection molding technique is used to create both 
solder columns, such as 97/3 Pb/Sn Within the ?lm 82, and 
fan-out or space transformation circuitry 86 on the surface 
88 of the ?lm. The surface circuitry 86, comprised of solder, 
such as 97/3 Pb/Sn, is created during the same solder 
injection molding process that is used to create the solder 
columns 84. Similar to the direct chip attach chip-scale 
package method shoWn in the ?rst implementation example, 
the solder columns 84 are used to accommodate the thermal 
expansion mismatch betWeen the chip 90 and the package/ 
board. The package 80 is completed by encapsulating the 
chip 90 and the exposed polymeric ?lm 82 in an injection 
molded plastic compound 92. The package 80 is then 
severed from the large-format ?lm by using standard dicing 
procedures. 
[0076] The large-format ?lm enables one to realiZe the 
cost advantages associated With multi-component processes, 
similar to that achieved With Wafer-scale packaging. FIG. 
7B is a plane vieW of the package 80 shoWn in FIG. 7A 
illustrating the fan-out pattern. The solder balls 94 are 
formed by a material similar to that used in the ?rst 
implementation example for solder balls 78, i.e., a loW 
temperature solder material such as an eutectic Pb/Sn. As 
shoWn in FIG. 7B, the implementation example clearly 
demonstrates that the present invention method enables 
fan-in and fan-out in forming various I/O con?gurations. 

[0077] A third implementation example of the present 
invention novel method is shoWn in FIGS. 8A and 8B. In 
this implementation example, an IC chip/leadframe package 
100 or 110 is formed. In the leadframe package 100 shoWn 
in FIG. 8A, similar to the fan-out circuitry described above, 
a solder injection molding technique is used to create 
interconnection circuitry 102 betWeen a chip 90 and a 
leadframe 104. Due to a drastic difference in the fabrication 
technologies used to form the leadframes compared With the 
chip back-end-of-line interconnects, a high degree of space 
transformation is required to interconnect chip 90 to the lead 
frame 104. The present invention novel solder injection 
molded circuitry is used to eliminate interconnection density 
limitations in conventional Wire bonding technology and to 
provide substantially higher chip perimeter densities. The 
novel leadframe package 100, 110 enables smaller chips to 
be fabricated and therefore increasing Wafer productivity 
and reducing chip cost. 

[0078] In this implementation example, a high lead con 
tent solder, i.e., 97/3 Pb/Sn solder is used to form the 
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interconnection circuitry 102. The leadframe can be pro 
vided in a copper foil or a copper alloy foil. A chip-doWn 
con?guration is shoWn in FIG. 8A, While a chip-up con 
?guration is shoWn in FIG. 8B. A plastic encapsulation 
material 92 is used to encapsulate the formed package. As in 
previous implementation examples, a polymeric-based pli 
able ?lm 82 is used to provide apertures and a surface for 
forming the injection molded interconnection circuitry 102 
betWeen the chip 90 and the leadframe 104. 

[0079] In the fourth implementation example of a chip 
on-?ex package 120, shoWn in FIGS. 9A and 9B, the 
present invention novel method of a solder injection molded 
circuitry, or a solder molded interconnection circuitry is 
used. The chip-on-?ex package 120 is typically used in 
connecting a pre-amp chip to a ?exible circuitry 122 in disk 
drive applications. Since there are critical space constraints 
in disk drives, the present invention solder injection molded 
circuitry is used to substantially eliminate inherent intercon 
nection density limitations encountered in conventional Wire 
bonding technology. The space constraints manifest them 
selves at the chip interconnect level in both the overall 
height and the X-Y area constraints. The conventional Wire 
bonding technology requires a minimum pitch both on chip 
and for the second bond pads on the ?ex ?lm. The minimum 
pitch requirement limits the X-Y area reduction for the 
chip/Wire bond interconnections. Additionally, Wire bonding 
technology has minimum Wire bond loop height constraints 
Which impact the minimum chip/Wire bond interconnection 
height. The present invention novel solder injection molded 
circuitry can be advantageously used to substantially elimi 
nate these tWo critical dimensional constraints When used in 
interconnect technology to interconnect the chip and the 
?exible circuitry. 

[0080] FIG. 9B is a cross-sectional vieW of the chip-on 
?ex package 120 shoWn in FIG. 9A. It is seen that a ?exible 
circuit 122 is ?rst provided With thin ?lm Wiring 124 formed 
thereon. Achip 90 is then attached to the bottom side 126 of 
the ?exible circuit 122 by performing a solder injection 
process in Which a plurality of solder columns 128 and a 
plurality of solder runners 132 are formed for providing 
electrical communication betWeen conductive pads (not 
shoWn) on the active surface of chip 90 and the thin ?lm 
Wiring 124. The IC chip 90 may be a pre-amp chip that is 
connected to the ?exible circuit 122 for use in a disk drive 
application. The solder material used for forming the solder 
columns 128 and the solder runners 132 may be a high lead 
content solder such as a 97/3 Pb/Sn solder in an injection 
molding process utiliZing a patterned screen. 

[0081] While the present invention has been described in 
an illustrative manner, it should be understood that the 
terminology used is intended to be in a nature of Words of 
description rather than of limitation. 

[0082] Furthermore, While the present invention has been 
described in terms of a preferred embodiment, it is to be 
appreciated that those skilled in the art Will readily apply 
these teachings to other possible variations of the inventions. 

[0083] The embodiment of the invention in Which an 
exclusive property or privilege is claimed are de?ned as 
folloWs. 

1. A method for forming conductive elements in a sub 
strate comprising the steps of: 
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providing a substrate of a substantially electrically insu 
lating material, 

forming grooves and apertures in a top surface of and 
through said substrate, and 

?lling said grooves and apertures With an electrically 
conductive material. 

2. A method for forming conductive elements in a sub 
strate according to claim 1 further comprising the step of 
forming said grooves and apertures by a technique selected 
from the group consisting of chemical etching, physical 
machining and hot stamping. 

3. A method for forming conductive elements in a sub 
strate according to claim 1, Wherein said grooves and 
apertures formed are grooves for line traces and apertures for 
plugs. 

4. A method for forming, conductive elements in a sub 
strate according to claim 1, Wherein said substrate is formed 
of a polymeric material. 

5. A method for forming conductive elements in a sub 
strate according to claim 1 Wherein said electrically con 
ductive material is a solder. 

6. A method for forming conductive elements in a sub 
strate according to claim 1, Wherein said electrically con 
ductive material is a lead based solder. 

7. A method for forming conductive elements in a sub 
strate according to claim 1 further comprising the step of 
cooling said electrically conductive material until it solidi 
?es. 

8. A method for forming conductive elements in a sub 
strate according to claim 1 further comprising the step of 
forming a passivation layer over said substrate and said 
grooves and apertures ?lled With electrically conductive 
material. 

9. A method for forming conductive elements in a sub 
strate according to claim 8, Wherein said passivation layer is 
formed of a dielectric material. 

10. A method for forming conductive elements in a 
substrate according to claim 1 further comprising the step of 
forming line traces and via contacts in said insulating 
substrate by a molten solder screening technique. 

11. A method for forming conductive elements in a 
substrate according to claim 1 further comprising the step of 
forming via contacts that provide electrical communication 
betWeen conductive regions in said insulating substrate. 

12. A method for forming conductive elements in a 
substrate according to claim 1 further comprising the step of 
forming via contacts that provide electrical communication 
betWeen conductive regions in said insulating substrate. 

13. Amethod for forming a three-dimensional circuit in a 
substrate comprising the steps of: 

providing an insulating substrate, 

forming at least tWo surface indentations in said insulating 
substrate, and 

?lling said at last tWo surface indentations With an elec 
trically conductive metal. 

14. Amethod for forming a three-dimensional circuit in a 
substrate according to claim 13, Wherein said insulating 
substrate is fabricated of a polymeric material. 

15. Amethod for forming a three-dimensional circuit in a 
substrate according to claim 13, Wherein said at least tWo 
surface indentations formed comprises a groove and an 
aperture. 
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16. Amethod for forming a three-dimensional circuit in a 
substrate according to claim 13 further comprising the step 
of forming a line trace and a via contact in said insulating 
substrate. 

17. Amethod for forming a three-dimensional circuit in a 
substrate according to claim 13 further comprising the step 
of forming, a via contact for providing electrical communi 
cation betWeen tWo line traces. 

18. Amethod for forming a three-dimensional circuit in a 
substrate according to claim 13 further comprising the step 
of providing electrical communication betWeen tWo conduc 
tive regions by said at least tWo surface indentations ?lled 
With said electrically conductive metal. 

19. Amethod for forming a three-dimensional circuit in a 
substrate according to claim 13 further comprising the step 
of electrically connecting tWo conductive regions by a 
conductive trace formed in one of said at least tWo surface 
indentations. 

20. Amethod for forming a three-dimensional circuit in a 
substrate according to claim 13 further comprising the step 
of electrically connecting tWo conductive regions by a via 
contact formed in said at least tWo surface indentations. 

21. Amethod for forming a three-dimensional circuit in a 
substrate according to claim 13 further comprising the step 
of ?lling said at least tWo surface indentations by a molten 
solder screening technique. 

22. Amethod for forming a three-dimensional circuit in a 
substrate according to claim 13 further comprising the step 
of ?lling said at least tWo surface indentations With a solder 
material. 

23. An electronic substrate comprising: 

a substrate formed of a substantially insulating material, 

at least one surface groove in said substrate ?lled With a 
conductive metal, and 

at least one aperture in said substrate ?lled With said 
conductive metal providing electrical communication 
to said at least one surface grove. 

24. An electronic substrate according to claim 23 further 
comprising a passivation layer overlaying said substrate, 
said surface groove and said aperture. 

25. An electronic substrate according to claim 24, Wherein 
said passivation layer is formed of a dielectric material. 

26. An electronic substrate according to claim 23 further 
comprising at least one line trace formed in said at least one 
surface groove and at least one via contact formed in said at 
least one aperture. 

27. A method for forming a chip-scale package for direct 
chip attach comprising the steps of: 

providing an IC chip having a plurality of conductive pads 
formed in an active surface, 

attaching a pliable ?lm having a plurality of apertures 
formed therein positioned corresponding to locations of 
said plurality of conductive pads to said active surface 
of said IC chip, 

?lling said plurality of apertures With an electrically 
conductive material forming a plurality of electrically 
conductive columns for making electrically contacts 
With said plurality of conductive pads, and 

forming a plurality of solder balls on said pliable ?lm each 
in electrical communication With one of said plurality 
of electrically conductive columns. 
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28. A method for forming a chip-scale package for direct 
chip attach according to claim 27, Wherein said IC chip is 
unitary With a semiconductor Wafer. 

29. A method for forming a chip-scale package for direct 
chip attach according to claim 27, Wherein said pliable ?lm 
is a polymeric-based ?lm. 

30. A method for forming a chip-scale package for direct 
chip attach according to claim 27, Wherein said pliable ?lm 
is made of a material selected from the group consisting of 
polyimide, polyamide, polyester and PTFE. 

31. A method for forming a chip-scale package for direct 
chip attach according to claim 27 further comprising the step 
of ?lling said plurality of apertures With a high melting point 
solder material. 

32. A method for forming a chip-scale package for direct 
chip attach according to claim 27 further comprising the step 
of ?lling said plurality of apertures With a solder such as 
97/3 Pb/Sn. 

33. A method for forming a chip-scale package for direct 
chip attach according to claim 27 further comprising the step 
of forming said plurality of solder balls on said pliable ?lm 
by a technique selected from solder injection molding, 
solder ball preform placement and solder paste screening. 

34. A method for forming a chip-scale package for direct 
chip attach according to claim 27 further comprising the step 
of forming said plurality of solder balls in an eutectic Pb/Sn 
solder. 

35. A method for forming a Wafer-level package for ?ip 
chip attachment comprising the steps of: 

providing an IC chip in a Wafer having a plurality of 
conductive pads formed in an active surface, 

attaching a pliable ?lm having a plurality of apertures 
formed therein positioned corresponding to locations of 
said plurality of conductive pads on said active surface 
of said IC chip, 

?lling said plurality of apertures With an electrically 
conductive material forming a plurality of electrically 
conductive columns for making electrical contacts With 
said plurality of conductive pads, 

forming a plurality of conductive runners on top of said 
pliable ?lm each in electrical communication With one 
of said plurality of electrically conductive columns, and 

forming a plurality of solder balls each on one of said 
plurality of conductive runners in electrical communi 
cation With one of said plurality of conductive pads on 
said IC chip through one of said plurality of electrically 
conductive columns. 

36. A method for forming a Wafer-level package for ?ip 
chip attachment according to claim 35, Wherein said pliable 
?lm is a polymeric-based ?lm selected from the group 
consisting of a polyimide ?lm, a polyamide ?lm, a polyester 
?lm and a PTFE ?lm. 

37. A method for forming a Wafer-level package for ?ip 
chip attachment according to claim 35 further comprising 
the step of ?lling said plurality of apertures With a high 
melting point solder material. 

38. A method for forming a Wafer-level package for ?ip 
chip attachment according to claim 35, Wherein said step of 
?lling said plurality of apertures With an electrically con 
ductive material being carried out by a screen printing or a 
solder injection molding technique. 
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39. A method for forming a Wafer-level package for ?ip 
chip attachment according to claim 35 further comprising 
the step of forming said plurality of solder balls on said 
pliable ?lm by a technique selected from the group consist 
ing of solder injection molding, solder ball preform place 
ment and solder paste screening. 

40. A method for forming a Wafer-level package for ?ip 
chip attachment according to claim 35 further comprising 
the step of forming said plurality of solder balls in a solder 
such as eutectic Pb/Sn. 

41. A method for forming a Wafer-level package for ?ip 
chip attachment according to claim 35 further comprising 
the steps of: 

severing said IC chip from said Wafer, and 

encapsulating said IC chip in a molding compound expos 
ing said plurality of solder balls. 

42. A method for forming an IC chip/leadframe package 
comprising the steps of: 

providing an IC chip having a plurality of conductive pads 
in an active surface, 

providing a leadframe equipped With a plurality of lead 
?ngers for making electrical connections With said IC 
chip, 

attaching an electrically insulating ?lm to said active 
surface of the IC chip and said plurality of lead ?ngers, 
said electrically insulating ?lm having a plurality of 
apertures therethrough exposing said plurality of con 
ductive pads and said plurality of lead ?ngers, 

?lling said plurality of apertures With an electrically 
conductive material making electrical connection With 
said plurality of conductive pads and forming a plural 
ity of conductive runners on top of said electrically 
insulating ?lm such that each runner electrically con 
necting a conductive pad to a lead ?nger, and 

encapsulating said IC chip and said plurality of lead 
?ngers in a molding compound. 

43. A method for forming an IC chip/leadframe package 
according to claim 42, Wherein said electrically insulating 
?lm is a polymeric-based ?lm selected from the group 
consisting of a polyimide ?lm, a polyamide ?lm, a polyester 
?lm and a PTFE ?lm. 

44. A method for forming an IC chip/leadframe package 
according to claim 42 further comprising the step of pro 
viding said leadframe in a metal comprises copper. 
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45. A method for forming an IC chip/leadframe package 
according to claim 42 further comprising the step of ?lling 
said plurality of apertures With a high melting point solder 
material. 

46. A method for forming an IC chip/leadframe package 
according to claim 42 further comprising the step of ?lling 
said plurality of apertures With an electrically conductive 
material by a solder injection molding or a screen printing 
technique. 

47. A method for forming a chip-on-?ex package com 
prising the steps of: 

providing an IC chip having a plurality of conductive pads 
in an active surface, 

providing a ?exible ?lm equipped With a plurality of 
apertures and a plurality of thin ?lm Wiring on a top 
surface, and 

?lling said plurality of apertures With an electrically 
conductive material When a bottom surface of said 
?exible ?lm is positioned juxtaposed to said active 
surface of said IC chip such that a plurality of conduc 
tive runners are formed on said top surface of the 
?exible ?lm and a plurality of conductive columns are 
formed in said plurality of apertures for providing 
electrical communication betWeen said plurality of 
conductive pads on the IC chip and said plurality of thin 
?lm Wiring on the ?exible ?lm. 

48. A method for forming a chip-on-?ex package accord 
ing to claim 47 further comprising the step of providing said 
?exible ?lm in a ?exible circuitry. 

49. A method for forming a chip-on-?ex package accord 
ing to claim 47 further comprising the step of providing a 
pre-amp chip for use in a disk drive application. 

50. A method for forming a chip-on-?ex package accord 
ing to claim 47 further comprising the step of ?lling said 
plurality of apertures With a solder material that comprises 
lead. 

51. A method for forming a chip-on-?ex package accord 
ing to claim 47 further comprising the step of ?lling said 
plurality of apertures by a solder injection molding or a 
screen printing technique. 

52. A method for forming a chip-on-?ex package accord 
ing to claim 47 further comprising the step of providing said 
?exible ?lm made of a material selected from the group 
consisting of polyimide, polyamide, polyester and PTFE. 

* * * * * 


