
;qre3e`<](6T<AG' ,r , ,  Description Method for producing a semiconductor
device and corresponding semiconductor device 5 The present invention
relates to a method for producing a semiconductor device and to a
corresponding semiconductor device. 20 Semiconductor devices are usually
either connected by means of an interposer substrate in a BGA (Ball Grid
Array) on a printed circuit board or else the semiconductor device is
connected directly on the printed circuit board as a WLP/CSP (Wafer Level
15 Package/Chip Size Package). In the case of a conventional BGA
arrangement according to figure 4, ,a semiconductor device 10 is connected
by means of solder balls 30 and a mechanical connecting 20 device 31 to an
interposer substrate 32 or a base. To protect the semiconductor device 10,
it is surrounded by a cladding 33. Solder balls 30 serve in turn for the
electrical bonding of the interposer substrate 32 onto a printed circuit
board 34. As illustrated in 25 figure 4 by the projection of an enlargement
in the large oval, the bonding or the wiring takes place in or on the
interposer substrate 32 by interconnects 35, for example of copper, which
generally have a width of more than 100 un and a height or thickness of
more than 30 20 um in the case of the printed circuit board technology
illustrated. As a result, good electrical connection with low interconnect
resistance is ensured, although this results in a high overall volume or
large outer dimensions of the arrangement. 35 In figure 5, on the other
hand, a conventional WLP/CSP arrangement is shown. In this case, the
semiconductor device 10 or the semiconductor chip is connected by     means
of solder balls 30 directly to the printed circuit board 34. As in figure
4, in figure 5 the large oval is used to illustrate a detail of an
enlargement, in which the semiconductor device 10 or 5 the chip is
represented with underlying electrical terminal contact devices 12. These
contact or wiring devices 12 generally have a width of more than 20 um and
a height of approximately 2 to 4 um, which are applied [sic] using
thin-film technology. 10 Although the arrangement according to figure 5
allows a more compact construction without the additional interposes
substrate, with this arrangement there is a disadvantage in that the
conductivity of the wiring 15 device of the WLP/CSP is lower by a factor of
5 to 10 than the conductivity of a conventional BGA with an interposes
according to figure 4. In the case of a WLP arrangement, the resistance of
the wiring device is high in comparison with the BGA alternative, for which
20 reason the performance capability of the arrangement or the package is
restricted, in particular in the case of high-frequency applications. 



Represented in figure 6 is the cross section of a 25 conventionally
produced semiconductor device with a contact or wiring device. On a
semiconductor substrate 10 of a chip or wafer there is firstly applied a
carrier layer 11, preferably of titanium or a titanium compound, which is
adjoined by a conductive layer 12 or 30 interconnect level, for example
comprising copper. The conductive layer 12 is followed by a barrier layer
40, which comprises nickel in particular and prevents metal atoms, for
example gold, of a protective layer 41 applied on top of it from diffusing
into the conductive 35 layer 12, for example of copper. Such an
interconnect device protected from above, for example as a contact or
wiring device of a    4 ` - 3  semiconductor device 10, is applied by
various production steps involving sputtering and/or electrochemical
depositing processes and structured by an etching process with a
photochemically structured 5 photomask. The height of such a sequence of
layers is usually approximately 4 to 6 um. Disadvantages of such an
arrangement are not only the multiple layer generating processes) which
cause expenditure of time and consequently costs, but also those
attributable to 10 the fact that the side walls of the layer arrangement of
the semiconductor substrate 10 are not protected and are consequently
exposed in particular to electrochemical corrosion. In particular, the
laterally exposed conductive layer 12, preferably of 15 copper, is exposed
to corrosion, the individual layers forming a galvanochemical element,
which has a tendency to undergo undesired chemical reactions. The necessary
layers and method steps for the 20 production of such a terminal or wiring
device are generally sputtering on of an adhesive or carrier layer 11,
sputtering on of a copper carrier layer (not represented), carrying out of
a photolithographic process for the structuring of the sputtered-on 25
metallizations 11) depositing of a copper interconnect layer 12, depositing
of a nickel layer as a barrier or buffer layer 40, depositing of a gold
layer 41 as protection and, finally, removal of the structured photomask
and etching of the carrier layer in regions 30 in which the structured
photomask was previously provided. In such a sequence of layers, the
conductivity is determined by the deposited or plated copper layer 12. 35
An improvement in the conductivity means increasing the depositing or
plating time, which is associated directly with the process or production
costs. To realize the same high conductivity as in the case of a   _ g _
BGA connection according to figure 4, which has an interposer 32 or base,
the depositing or plating costs for a CSP/WLP terminal or wiring device as
illustrated in figure 6 or figure 5 would not be economical. 5 



It is therefore the object of the present invention to provide a method for
producing a semiconductor device and a corresponding semiconductor device
which provides terminal or wiring devices with a very good or high 10
conductivity which can be produced at low cost and provide small overall
dimensions of the arrangement. This object is achieved according to the
invention by the method specified in claim 1 for producing a 15
semiconductor device and by the semiconductor device according to Claim 1S.
. The idea on which the present invention is based is essentially to
provide a high conductivity by 20 increasing the conduction cross section
by applying a solder layer over terminal or wiring devices or lines,
without a costly plating or depositing step to increase the thickness of
the copper or the conducting cross section. 25 In the present invention,
the problem mentioned at the beginning is solved in particular by applying
to a semiconductor substrate which has a structured interconnect Level on
it a structured solder layer on 30 the structured interconnect level to
increase the conductive cross section. Advantageous developments and
improvements of the respective subject-matter of the invention can be found
35 in the subclaims. According to a preferred development, the interconnect
level is applied in a sputtering process.   - 5  According to a further
preferred development, the interconnect level which is applied comprises a
metal, preferably copper and/or aluminum. 5 According to a further
preferred development, the interconnect level is structured in a
photolithographic process. 10 According to a further preferred development,
the structured interconnect level provides on the semiconductor substrate a
carrier or barrier layer, which preferably comprises titanium and is
structured like the interconnect level. Z5 According to a further preferred
development, the structured solder layer is applied in a printing process
and is distributed in a predetermined way by re-liquefing or reflowing of
the solder. 20 According to a further preferred development, the solder
layer is applied in a dip soldering process, in which the upper side of the
semiconductor substrate provided with the structured interconnect level is
25 dipped into a solder bath. According to a further preferred development,
the solder resist device is selectively applied over predetermined portions
of the arrangement before the 



30 application of the solder layer. According to a further preferred
development, side walls of the structured interconnect level and/or of the
carrier or barrier layer are wetted with solder. 35 According to a further
preferred development, both solder traces and solder balls for the bonding
of further semiconductor devices and/or a printed circuit   - 6  board in
the vertical direction are formed during the application of the solder
layer, preferably in the same process step. 5 According to a further
preferred development, after the application of the structured 'solder
layer, a nonconductive plastic, preferably polymer, is applied in such a
way that the tips of the solder balls for the vertical bonding protrude
from the plastic, other 10 solder structures being covered over. According
to a further preferred development, the applied polymer is only cured
during or after the electrical bonding with a further semiconductor device
15 and/or a printed circuit board in the vertical direction. According to a
further preferred development, the polymer is applied in a printing
process. 20 According to a further preferred development, the conductive
interconnect level is formed on the semiconductor substrate and/or contact
devices such as bonding pads in a printing or stamping process with a 25
highly reactive substance, which comprises at least one noble metal, such
as preferably platinum or palladium. Exemplary embodiments of the invention
are explained in more detail in the description which follows and are 30
represented in the drawings, in which: figure 1 shows the cross section of
a semiconductor device produced according to an embodiment of the present
invention; 35 figure 2 shows a plan view of a detail for the explanation of
an embodiment of the present invention;    figure 3 shows a cross-sectional
view of the device according to figure 2; 5 figure 4 shows the cross
section of a customary semiconductor device with a projection of an
enlargement; 



figure 5 shows the cross section of a known 10 semiconductor device with a
projection of an enlargement; and figure 6 shows the cross section of a
semiconductor device produced by a customary method. 15 In the figures) the
same reference numerals designate components which are the same or
functionally the same. Figure 1 shows a cross section of a semiconductor 20
device produced according to an embodiment of the present invention.
Represented in figure 1 is a semiconductor substrate 10, to which a carrier
layer 11, preferably of metal, 25 such as for example titanium, has been
applied in a sputtering process. A further metallization 12, which is
likewise preferably sputtered on, for example of a conductive material,
such as copper and/or aluminum, adjoins the carrier layer 11. A structured
photomask 30 is formed on this in a photolithographic method step by
applying and exposing a photoresist, and in a subsequent etching step the
applied metallization layers 11 and 12 is [sic] structured. This is
followed by removal of the photoresist pattern or the 35 photoresist mask
and etching of the carrier layer. Before a solder layer 13 is then applied
to enlarge the conducting cross section of the structured, conductive   _ g
_ layer 12 or the interconnect level 11, 12, it is possible, for example,
for a soldering resist device or layer (not represented) to be selectively
applied, in order to keep free predetermined portions on the 5 structured
interconnect level 11, 12. To apply the solder layer 13 to the structured
interconnect level 12, solder is applied to the structured interconnect
level 11, 12 or the wiring 10 devices 11, 12) for example in a printing
process, and is distributed by re-liquefing in a reflow process. In this
way, the electrically conductive solder can be applied at low cost and a
cross-sectional enlargement of the conduction cross section of the
structured 15 interconnect level 12 can be provided. The solder in the
liquid state or in the reflow process preferably has a surface tension,
which is chosen such that the height 14, 24 of a solder-wetted interconnect
20 structure 11, 12 corresponds approximately to half the structure width
15, 25 of the interconnect structure. The solder 13 covers over or wets the
side walls 16 of the structured interconnect level 11, 12 and preferably
also of the carrier layer 11. Consequently, the side 25 walls 16 are
protected by the solder against electrochemical corrosion. The vertical
extent 14 of the solder over an interconnect structure 17 of the
interconnect level 12 30 is adaptable to the required conductivity and
preferably in the range between 10 to 25 um in the case of a variable
structure width of the interconnect portion 17 of the interconnect level 12
of) for example, approximately 20 to 50 um. The height 24 of 35 the solder
structure or vertical extent of the solder on a terminal or connecting
device 18 of the interconnect level 11, 12 is likewise adaptable to the
required conductivity and preferably amounts to 



_ g _ approximately 150 to 300 um and the width 25 of the solder structure
or horizontal extent of the solder on a terminal or connecting device 18 of
the interconnect level 12 amounts, for example, to approximately 300 to 5
600 um. Instead of applying the solder 13 in a printing process with
subsequent re-liquefying of the solder 13 and consequently distribution of
the solder to 10 predetermined portions of the interconnect level 12,
wetting of the structured interconnect level 12 in a solder or soldering
bath is alternatively envisaged. For this purpose, the semiconductor
substrate 10 with the structured interconnect level 12 and/or the carrier
15 layer 11, structured like the structured interconnect level 12) is
preferably dipped with the metallized side downward into a soldering bath.
The portions of the structured interconnect level 12 .not provided with a
soldering resist device (not represented) or soldering 20 resist layer are
then wetted with solder 13, the volume of the wetted solder 13 depending on
the chosen surface tension of the solder in the liquid state and the
dimensioning of the interconnect structure. Preferably only the structured
interconnect level 12 and/or the 25 similarly structured carrier layer 11
are dipped into the hot, liquid solder, while the semiconductor substrate
10 is not directly dipped into the soldering bath. 30 Figure 2 shows a plan
view of a detail for the explanation of an embodiment of the present
invention. Represented in figure 2 is an interconnect portion 17 wetted
with solder 13 and a terminal or connecting 35 device 18, likewise wetted
with solder 13, on the semiconductor substrate 10.   - 10  In figure 3 ,
the arrangement according to figure 2 is illustrated in cross section. On
the semiconductor substrate 10, a wetting with solder 13 is provided both
in the interconnect portion 17 and in the terminal or 5 connecting device
portion 18. On account of the greater horizontal extent of the terminal
device 18, as represented in figure 2, in the region of the vertical
bonding device 18, which is intended for connecting further semiconductor
devices and/or a printed circuit 10 board, according to figure 3 a higher
vertical extent of the solder also results in this portion. The
semiconductor device according to the invention, for example according to
figure 1, may additionally be 15 provided with a filling polymer applied on
the wafer level, which is applied in, a printing or distributing process
after the reflowing of the solder and thereby preferably encapsulate [sic]
the solder structures that are shorter in their vertical extent, such as
for 20 example the interconnect portions 17 wetted with solder, on the
wiring devices 12 and embed [sic] the solder balls, which are provided in
particular for vertical bonding, without covering them over, so that the
tip of the solder ball protrudes above the filling 25 material. This
filling device is then activated during the re-liquefying of the solder
balls for the vertical bonding of further semiconductor devices and/or a
printed circuit board and consequently adheres to the additional
semiconductor device and/or the printed 30 circuit board, whereby a solid
mechanical connection is ensured between, for example, the printed circuit
board and the chip. Instead of the carrier layer 11 and/or the interconnect
35 level 12 being sputtered on, the connecting devices or portions 18
(bonding pads), for example of aluminum, and the passivation of the
semiconductor chip may be activated simultaneously by printing or
impressing with 



- 11  chemicals which comprise highly reactive components such as noble
metals, such as Pt or Pd. The structure produced in this way both over the
aluminum of a bonding pad and over the passivation of the 5 semiconductor
substrate is wetted by solder. In the case of this method, the applied
carrier metallization is very thin, avoiding the cost-intensive
photolithographic steps which are required for structuring the carrier
metallization interconnects. 10 Although the present invention has been
described above on the basis of preferred exemplary embodiments, it is not
restricted to this, but instead can be modified in various ways. 15
Although actual dimensioning. proposals for interconnect structures or
bonding devices have been made in the exemplary embodiments, both larger
and smaller structures are conceivable. In. addition, the envisaged 20
materials) for example for the interconnect level or the possibly present
carrier layer, are to be understood as given by way of example.   - 12
List of designations 10 semiconductor substrate or semiconductor wafer or
semiconductor chip 11 carrier layer or barrier layer, for example
comprising titanium 12 conductive layer, in particular interconnect level
13 solder layer, in particular interconnect 14 height of solder structure
or vertical extent of solder on an interconnect portion of the interconnect
level 15 width of solder structure or horizontal extent of solder on an
interconnect portion of the interconnect level 16 side wall of the
interconnect level 17 interconnect portion of the interconnect level 18
terminal or connecting device of the interconnect level 24 height of solder
structure or vertical extent of solder on a terminal or connecting device
of the interconnect level 25 width of solder structure or horizontal extent
of solder on a terminal or connecting device of the interconnect level 



30 solder balls (solder bumps) 31 mechanical chip connection 32 interposes
substrate 33 chip cladding 34 printed circuit board 35 interconnect on
interposes substrate with via hole 40 carrier layer, preferably with Ni 41
protective layer, for example of Au   - 13  5 Patent claims 1. Method for
producing a semiconductor device with the steps of: applying an
interconnect level (11, 12) to a semiconductor substrate (10); structuring
the interconnect level (11, 12); and 10 applying a solder layer (13) on the
structured interconnect level (11, 12) in such a way that the solder layer
(13) assumes the structure of the interconnect level (11, 12). 15 20 25 30
35 2. Method according to claim 1, characterized in that the interconnect
level (11, 12) is applied in a sputtering process or in. a depositing
process without external current. 3. Method according to claim 1 or 2,
characterized in that the interconnect level (12) which is applied
comprises a metal, preferably copper and/or nickel and/or aluminum. 4.
Method according to one of the preceding claims, characterized in that the
interconnect level (11, 12) is structured with the aid of a
photolithographic process. 5. Method according to one of the preceding
claims, characterized in that a carrier layer (11) which preferably
comprises titanium and is structured like the interconnect level (12) is
applied on the semiconductor substrate (10). 6. Method according to one of
the preceding claims, characterized in that the solder layer (13) is 



- 14  applied in a printing process and is distributed in a predetermined
way by re-liquefying or reflowing of the solder. 5 7. Method according to
one of the preceding claims, characterized in that the solder layer (13) is
applied in a dip soldering process, in which the upper side of the
semiconductor substrate (10) provided with the structured interconnect
level 10 (11, 12) is dipped into a solder bath. 8. Method according to one
of the preceding claims, characterized in that a solder resist layer is
selectively applied on predetermined portions of 15 the arrangement after
the structuring of the interconnect level (1Z, 12) and before the
application of the solder layer (13). 9. Method according to one of the
preceding claims, 20 characterized in that side walls (16) of the
structured interconnect level (11, 12) and/or of the carrier layer (11) are
wetted with solder. 10. Method according to one of the preceding claims, 25
characterized in that both solder traces and solder balls (30) fox the
bonding of further semiconductor devices and/or a printed circuit board in
the vertical direction are formed during the application of the solder
layer (13), preferably in 30 the same process step. 11. Method according to
one of the preceding claims, characterized in that, after the application
of the structured solder layer (13), a non-conductive 35 plastic,
preferably polymer, is applied in such a way that the tips of the solder
balls (30) for the vertical bonding protrude from the plastic, other solder
structures being covered over.   - 15  5 10 15 20 12. Method according to
claim 11) characterized in that the applied polymer is only cured during or
after the electrical bonding with a further semiconductor device and/or a
printed circuit board in the vertical direction. 13. Method according to
claim 11 or 12, characterized in that the polymer is applied in a printing
process. 



14. Method according to one of the preceding claims, characterized in that
the conductive interconnect level (12) is formed on the semiconductor
substrate (10) and/or contact devices such as bonding pads in a printing or
stamping process with a highly reactive substance, which comprises at least
one noble metal, such as preferably platinum or palladium. 15.
Semiconductor device with: a semiconductor substrate (10); 25 30 a
structured interconnect level (11, 12) on the semiconductor substrate (10);
and a solder layer (13) on the structured interconnect level (11, 12) for
enlarging the conductive cross section, the solder layer (13) assuming the
structure of the interconnect level (11, 12). 16. Semiconductor device
according to claim 15, characterized in that the structured interconnect 35
level (12) comprises a metal, in particular aluminum and/or copper.   16
17. Semiconductor device according to claim 15 or 16, characterized in that
the structured interconnect level (11, 12) provides on the semiconductor
substrate (10) a carrier layer (11), which is 5 structured like the
interconnect level (12) and preferably comprises titanium and/or copper.
18. Semiconductor device according to one of claims 15 to 17, characterized
in that side walls (16) of the 10 structured interconnect level (11, 12)
and/or of the carrier layer (11) are wetted with solder. 19. Semiconductor
device according to one of claims 15 to 18, characterized in that the
semiconductor 15 device is mechanically connected to at least one further
semiconductor device and/or a printed circuit board by means of a plastic
or a polymer, the electrical connection being provided in the vertical
direction by means of solder balls (30). 20 20. Semiconductor device
according to one of claims 15 to 19, characterized in that the structured
solder layer (13) has a solder layer height (14, 24) which corresponds
approximately to half the structure 25 width (15, 25) of the structured
interconnect level (12).
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