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(57) ABSTRACT 
The invention relates to a method for producing a metalliZa 
tion for at least one contact pad and a semiconductor Wafer 
having metalliZation for at least one contact pad. The inven 
tion relates to a metalliZation (and a semiconductor Wafer 
having corresponding metalliZation) and to a method for the 
production thereof that ?rst of all can be produced by means 
of physical gas phase separation (dry separation) and sec 
ondly ensures su?icient adhesion of a lot bump. The method 
for producing a metalliZation (40) for at least one contact pad 
(20) according to the invention comprises the following pro 
cess steps: applying at least one contact pad (20) to a substrate 
(10), applying a barrier layer (30) to the top side of the at least 
one contact pad (20) and applying a metalliZation (40) to the 
top side of the barrier layer (30), characterized in that the 
barrier layer (30) and the metalliZation (40) are applied by 
means of physical separation and that the metalliZation (40) is 
designed as a layer structure having tWo multiple alternating 
metalliZation layers (41, 42), Wherein the ?rst metalliZation 
layer (41) is made of nickel or an Ni alloy having a layer 
thickness of less than 500 nm and the second metalliZation 
layer (42) is made of a material that is different than nickel 
and is electrically conductive. 

17 Claims, 6 Drawing Sheets 
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METHOD FOR PRODUCING A 
METALLIZATION HAVING TWO MULTIPLE 
ALTERNATING METALLIZATION LAYERS 
FOR AT LEAST ONE CONTACT PAD AND 
SEMICONDUCTOR WAFER HAVING SAID 
METALLIZATION FOR AT LEAST ONE 

CONTACT PAD 

The present invention relates to a method for producing a 
metalliZation for at least one contact pad and to semiconduc 
tor Wafer With a metalliZation for at least one contact pad With 
the features recited in claims 1 and 9; in particular, the present 
invention relates to an improved technology for producing 
contact areas (contact pads) With a metalliZation, also referred 
to as under bump metalliZation (UBM) for electrical connec 
tions betWeen semiconductor structures and an additional 
connecting partner. 

Flip-Chip-Mounting (also inverted mounting) refers to a 
method for contacting contact pads of bare semiconductor 
chips (also Wafers, semiconductor Wafers) by contact 
bumpsiso-called “bumps.” The ?ip-chip technology is also 
used in the production of complex microprocessors. With 
?ip-chip-mounting, the chip is mounted directly, Without 
additional connecting Wires, With the active contact side fac 
ing doWnWarditoWards the circuit carriers. This results in 
particularly small housing dimensions and short intercon 
necting Wires. This technology is frequently the only possible 
practical connection for very complex circuits, because sev 
eral thousand contacts must sometimes be realiZed. For 
example, the entire surface area of the semiconductor chip 
can then be used for contacting. With the ?ip-chip bonding 
technique, all contacts are connected simultaneously. 

With ?ip-chip-mounting, a metal or a metal mixture, the 
solder, is deposited on the semiconductor chip or Wafer or a 
printed circuit board. Thousands of cylindrical or spherical 
solder bodies are thereby produced, depending on the place 
ment method. These solder bodies are each located exactly on 
the contact points Which produce a connection to the circuit 
structures of the loWer layers of the Wafer (semiconductor 
chips). The solder bodies are subsequently melted in a re?oW 
process to form small spheres, producing a connection With 
good electrical conductivity and excellent adherence betWeen 
the solder body and the chip-side metalliZation (under bump 
metalliZation), With a eutectic solder body assuming a quasi 
hemispherical surface. These solder balls also referred to as 
“bumps.” 

Frequently, a metalliZation (a so-called “under bump met 
alliZation”) is used betWeen the bump and the contact pad of 
the semiconductor chip Which increases the mechanical load 
ing capability of the connection betWeen the bump and the 
contact pad. The metalliZation frequently also operates to 
prevent diffusion of metal atoms from the contact pad into the 
bump, Which Would otherWise cause the connection to 
become unstable. 

Another method for providing a Wafer With “bumps” is 
screen printing. The Wafer is printed in a screen printing press 
With solderpaste after having received a solderable surface on 
the pads by a galvanic process. The Wafer is then here also 
subjected to a re?oW process, Whereby the solder paste melts 
and bumps are produced. The Wafer can then be cleaned, if 
necessary, to remove excess ?ux residues. 

It is knoWn to produce the metalliZation by deposition a 
diffusion barrier over the entire surface area by sputtering, 
thereafter sputtering a thin starting layer for a subsequent 
galvanic process, lithographically structuring (positive) and 
galvanically depositing a 5-10 pm thick UBM layer. There 
after, the diffusion barrier and the starting layer are etched. 
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Alternatively, an electroless deposition can be used for 

producing a metalliZation. In this case, nickel-phosphorus is 
electrolessly deposited on an Al pad after suitable pretreat 
ment (e.g., Zincate treatment), Whereafter gold is electrolessly 
deposited in suitable chemical baths. 
The standard technology for mounting of the (generally 

tin-containing) ?ip-chip solder bumps requires a nickel layer 
With a thickness of several micrometers as UBM, Which is 
necessary to compensate for the consumption of nickel due to 
the formation of a NiSn-IMC (intermetallic compound), e. g., 
Ni3 Sn4, during the soldering process. Such nickel layer With 
a thickness of several micrometers is, as already described in 
detail, typically produced by galvanic or electroless deposi 
tion. HoWever, an entirely dry deposition (sputtering/evapo 
ration) of a nickel layer With a thickness in the micrometer 
range is not possible because such layer results in high intrin 
sic mechanical stress and therefore insuf?cient adhesion. 
DE 103 22 135 Al describes a component With a solder 

connection betWeen a ?rst partial body having a ?rst surface 
of metalliZation and a second partial body having a second 
surface of metalliZation, Wherein the solder connection 
includes a solder body made of meltable solder, Wherein at 
least one surface With the ?rst and second surface of metalli 
Zation facing the solder body has a nanocrystalline layer. 
US 2006/0284313 A1 uses for the under bump metalliZa 

tion a material With shape-memory Which may consist of an 
alloy of titanium and nickel. 

Disadvantageously, the aforementioned technologies for 
producing a metalliZation (U BM) for a contact pad of a semi 
conductor chip use Wet-chemical processes Which are fre 
quently associated With the use of toxic or at least potentially 
corrosive baths (e. g., cyanide bath for Au deposition). More 
over, depending on the actual structure of the surface, the 
electroless deposition on Ill/V semiconductors can cause 
Wild deposits. It is therefore an object of the present invention 
to provide a UBM metalliZation (e.g., a semiconductor Wafer 
With corresponding metalliZation) and a method for its manu 
facture Which, on one hand, can be produced by physical gas 
phase deposition (dry deposition) and Which, on the other 
hand, ensures suf?ciently high adhesion of a solder bump. 

These objects are solved according to the invention With a 
semiconductor Wafer and a method for its manufacture hav 
ing the features recited in claims 1 and 9. Preferred embodi 
ments of the invention are recited in the dependent claims. 
The method according to the invention for producing a 

metalliZation (UBM) for at least one contact pad has the 
folloWing process steps: depositing at least one contact pad on 
a substrate (e. g., on a semiconductor Wafer), depositing a 
barrier layer on the top surface of the at least one contact pad, 
depositing a metalliZation on the top surface of the barrier 
layer, Wherein the barrier layer and the metalliZation (and 
preferably also the contact pad) are deposited by physical 
deposition (preferably physical vapor deposition, subse 
quently also referred to as PVD), and the metalliZation is 
formed as a layer structure of tWo multiple alternating met 
alliZation layers, Wherein the ?rst metalliZation layer is made 
of nickel having a layer thickness of less than 1 um and the 
second metalliZation layer is made of an electrically conduct 
ing, ductile material that is different from nickel. 
The invention thus enables the manufacture of a nickel 

based UBM exclusively With a PVD process (preferably sput 
tering and a preparation). The problem associated With the 
high intrinsic stress of Ni layers in PVD depositions is hereby 
solved by depositing folloWing the deposition of a compara 
tively thin nickel layer or layer of a nickel alloy (layer thick 
ness less than 1 pm, preferably less than 500 nm, still more 
preferred less than 200 nm) a layer made of a ductile, electri 
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cally conducting material (preferably a metal, particularly 
preferred gold). According to the invention, these tWo steps 
(deposition of a nickel layer or nickel alloy layer and a layer 
made of a ductile, electrically conducting material) are 
repeated multiple times, resulting in a stack of alternating 
Nii/N i alloy layers and layers made of a ductile, electrically 
conducting material having a total thickness of several 
micrometers (preferably greater than 1 um, still more pre 
ferred greater than 2 um). This method advantageously 
enables the manufacture of a mechanically and electrically 
reliable UBM Without the use of Wet-chemical processes. 

The barrier layer is preferably con?gured to prevent diffu 
sion of metal atoms from the contact pad into the UBM and 
eventually farther into the solder bump. The barrier layer is 
preferably made of an amorphous or ?ne-crystalline metalli 
Zation or intermetallic compound With decorated grain 
boundaries, Which does not chemically react With the metal 
liZation of the contact pad or the UBM. Preferably, interme 
tallic compounds such as WSiN, TiW, TiMo and the like can 
be used. The barrier layer has preferably a layer thickness 
betWeen 50 nm and 1 um. 

The ?rst metalliZation layer consists of Ni or a Ni-alloy 
(e. g., NiV). This metalliZation is metallurgically responsible 
for the electrical and mechanical properties of the bumpi 
UBM joint and must be matched to the metallurgy of the 
bump itself. For example, Ni or NiV is suitable for PbSn 
bumps. The ?rst metalliZation has a thickness of up to 1 pm, 
preferably of about 200 nm. 

Because of metals corresponding to the ?rst metalliZation 
typically have very high mechanical stress When they are 
deposited by a physical deposition process, a second metal 
liZation must be alternatingly introduced, Which is capable of 
absorbing these stresses and Which does not adversely affect 
the metallurgy and the electrical conductivity of the bumpi 
UBM system. Preferably, the second metalliZation layer 
includes a material selected from the group gold, silver, plati 
num, copper, iron, aluminum, Zinc, tin and lead, a mixture of 
at least tWo of the aforementioned metals or an alloy of the 
aforementioned metals. Preferably, the second metalliZation 
layer is formed from a material having a ductility Which 
corresponds to at least 60% of the ductility of gold, and an 
electrical conductivity Which corresponds to at least 60% of 
the electrical conductivity of gold. Preferably, the second 
metalliZation layer is formed With a layer thickness betWeen 
10-100 nm. 

Preferably, the contact pad is also deposited by physical 
deposition. Preferably, the contact pad is deposited by a 
evapoaration and the barrier layer by sputtering. 

Preferably, the ?rst metalliZation layer is formed With a 
layer thickness of less than 500 nm. Preferably, the ?rst met 
alliZation layer is formed With a layer thickness of less than 
200 nm and the second metalliZation layer of gold is formed 
With a layer thickness betWeen 30-50 nm. 

Preferably, the contact pad is formed With a surface area 
betWeen 1 um2 and 0.20 m2 (corresponding to a Wafer diam 
eter of 450 mm), the ?rst metalliZation layer is formed With a 
surface area betWeen 1 um2 and 0.20 m2, and the second 
metalliZation layer is formed With a surface area betWeen 1 
um2 and 0.20 m2; in a particularly preferred embodiment, 
each surface area is betWeen 0.01 and 0.1 m2. 

According to the invention, a tin-containing solder bump is 
used for later contacting by ?ip-chip-mounting. 

The semiconductor Wafer according to the invention has at 
least one contact pad arranged on the semiconductor Wafer 
(preferably several 1000 contact pads, Wherein the contact 
pads preferably implement the external electrical connection 
of the semiconductor Wafer having a microelectronic circuit), 
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4 
Wherein a barrier layer is arranged on the top side of the at 
least one contact pad and a metalliZation structure is arranged 
on the top side of the barrier layer, Wherein the metalliZation 
structure according to the invention has tWo multiple alter 
nating metalliZation layers, Wherein the ?rst metalliZation 
layer is formed of nickel having a layer thickness of less than 
1 pm and the second metalliZation layer is formed of an 
electrically conducting, ductile material that is different from 
nickel. Preferably, the barrier layer completely covers the 
contact pad disposed on the Wafer. Preferably, the metalliZa 
tion structure covers at least 50% of the surface area of the 
contact pad (With the barrier layer located in betWeen)i 
particularly preferred at least 80% of the surface area of the 
contact pad. 

Preferably, the metalliZation structure has at least tWo 
(preferably at least ?ve) consecutive stacks of a ?rst metalli 
Zation layer and a second metalliZation layer. Preferably, the 
number of consecutive stacks of the ?rst metalliZation layer 
and the second metalliZation layer are selected such that the 
sum of the layer thicknesses of the ?rst metalliZation layers is 
greater than 1 pm (preferably greater than 3 pm). 

Preferably, the semiconductor Wafer has a semiconductor 
chip and/ or the semiconductor Wafer has at least one micro 
electronic circuit. 

Preferably, the semiconductor Wafer With the aforemen 
tioned features is used for connecting the semiconductor 
Wafer With a circuit carrier by ?ip-chip-mounting. 
The invention Will noW be described in more detail With 

reference to exemplary embodiments illustrated in the ?g 
ures. 

It is shoWn in: 
FIG. 1 a Wafer With a metallization structure according to 

the invention in a schematic cross-sectional diagram, 
FIG. 2 a How diagram With the individual process steps of 

a preferred embodiment of the method of the invention for 
producing a Wafer With the metalliZation structure according 
to the invention, and 

FIG. 3 to FIG. 8b the individual process steps of a preferred 
embodiment of the method according to the invention. 

FIG. 1 shoWs a Wafer With a metalliZation structure accord 
ing to the invention in a schematic cross-sectional diagram. 
The Wafer 10 may include, for example, a chip or an elec 
tronic circuit. For contacting this electronic circuit of the 
Wafer 10 (also referred to as substrate or semiconductor 
Wafer) With a circuit carrier, the Wafer 10 has a plurality of 
contact pads 20, With the electronic circuit of the Wafer 10 
exchanging the electrical signals (communicating) With the 
circuit carrier via the contact pads 20. The contact pads 20 
may be deposited, for example, from a ductile material, such 
asAl, Cu orAu by evaporation (e-beam evaporation) by using 
a mask 11 (FIGS. 3 and 4). 

To enable bonding of the Wafer 10 and the (unillustrated) 
circuit carrier by ?ip-chip-mounting, an (unillustrated) solder 
bump is deposited betWeen the contact pads 20 and the con 
tacts of the circuit carrier, Whereafter the Wafer 10 and the 
circuit carrier are permanently soldered together. 

For realiZing a mechanically and electrically reliable con 
nection of the solder bump With the contact pad 20 Without 
using Wet-chemical processes, a barrier layer 30 is ?rst depos 
ited on the contact pad 20 by sputtering. This may be done, as 
illustrated in FIGS. 5 and 6, through the same mask that Was 
used for depositing the pads 20. In this case, the method has 
the additional advantage that the pad metalliZation is com 
pletely surrounded by a diffusion barrier, thus additionally 
exhibiting higher electromigration stability at high current 
densities in the metalliZation. Preferably, entirely different 
deposition characteristics are used for the contact pads 20 and 
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the barrier layer 30: evaporation of the contact pad 20 has an 
isotopic characteristic, Whereas sputtering of the barrier layer 
30 has an anisotropic characteristic. By using a lithographic 
mask 11 With an undercut (negative resist), the tWo process 
steps can be combined by using only a single mask 11. This 
alloWs the creation of a contact surface 20 With a de?ned 

geometry and subsequent uniform coverage When the diffu 
sion barrier 30 is sputtered (FIGS. 3-6). 

FIG. 7a shoWs the deposition of alternating metal layers 
41, 42 produced, for example, by electron beam evaporation. 
The metallization structure 40 covers the entire contact sur 

face area 20 by using the same mask 11 that is used for 
depositing the contact pad 20. Alternatively, the metallization 
structure 40 may be deposited only on a portion of the contact 
area of the contact pad 20 (With interposed barrier layer 30), 
Whereby hoWever an additional mask is required (FIG. 7b). 
The resulting structures after deposition of the alternating 
layer sequence 41, 42 are illustrated in FIGS. 8a and 8b. 

The standard technology for mounting the (typically tin 
containing) ?ip-chip solder bumps requires a nickel layer 
having a thickness of several micrometers, Which is necessary 
in order to compensate for the consumption of nickel due to 
the formation of a NiSn-IMC (intermetallic compound) dur 
ing the solder process. 

HoWever, an entirely dry deposition (sputtering/evapora 
tion) of a nickel layer having a thickness in the micrometer 
range is not possible because the mechanical stress of such 
layer is too high, causing inadequate adhesion. 

The problem associated With high intrinsic stresses of Ni 
layers With PVD deposition is solved according to the inven 
tion by depositing folloWing the deposition of the a thin 
Ni-layer (layer thickness less than 500 nm, preferably less 
than 200 nm, still more preferred less than 150 nm, and still 
more preferred less than 100 nm) a layer of a ductile, electri 
cally conducting material (preferably a metal, particularly 
preferred gold With a layer thickness of 30-50 nm). 

According to the invention, these tWo steps (depositing a 
Ni-layer and a layer of a ductile, electrically conducting mate 
rial) are repeated several times, producing a stack of altemat 
ing Ni-layers and layers of a ductile-electrically conducting 
material With a total thickness of several micrometers (pref 
erably greater than 1 pm, still more preferred greater than 2 
pm). 
Due to the interruption of the Ni-layer 41 by the Au-layer 

42, the folloWing Ni-layer 41 has no or a signi?cantly reduced 
initial mechanical stress. This method advantageously 
enables the manufacture of a mechanically and electrically 
reliable UBM Without the use of Wet-chemical processes. 

After deposition of the metallization structure 40, a passi 
vation layer 15 is preferably deposited (FIG. 1), Which covers 
the lateral regions of the layer stack 41, 42 and de?nes the 
contact surface of the (unillustrated) solder bump. 

List of references symbols 

l0 Substrate 
ll Mask 
20 Contact pad 
30 Diffusion barrier 
40 Metallization structure 
41 Nickel layer 
42 Gold layer 
50 Passivation layer 
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The invention claimed is: 
1. Method for producing a metallization (40) for at least 

one contact pad (20) With the folloWing method steps: 
using a mask for depositing at least one contact pad (20) on 

a substrate (10), 
using said mask for depositing a barrier layer (30) on the 

top surface of the at least one contact pad (20), 
depositing a metallization (40) on the top surface of the 

barrier layer (30), Wherein the barrier layer (3 0) and the 
metallization (40) are deposited by physical deposition, 
and Wherein the metallization (40) is formed as a layer 
structure comprising ?rst metallization layers (41) alter 
nating With second metallization layers (42) Wherein 
each ?rst metallization layer (41) is formed of nickel or 
a nickel alloy having a layer thickness less than 1 pm and 
each second metallization layer (42) is formed of an 
electrically conducting, ductile material that is different 
from nickel or a nickel alloy. 

2. Method according to claim 1, 
characterized in that 
the second metallization layer (42) is formed of a metal 

selected from the group consisting of gold, silver, plati 
num, copper, iron, aluminum, zinc, tin and lead, a mix 
ture of at least tWo of the aforementioned metals or an 
alloy of the aforementioned metals. 

3. Method according to claim 1, 
characterized in that 
the second metallization layer (42) is made of a material 

having a ductility corresponding to at least 60% of the 
ductility of gold, and an electrical conductivity corre 
sponding to at least 10% of the electrical conductivity of 
gold. 

4. Method according to claim 1, 
characterized in that 
the second metallization layer (42) is formed With a layer 

thickness betWeen 10-200 nm. 
5. Method according to claim 1, 
characterized in that 
the contact pad (20) is deposited by physical deposition. 
6. Method according to claim 5, 
characterized in that 
the contact pad (20) and the barrier layer (30) are deposited 

by evaporation or sputtering. 
7. Method according to claim 1, 
characterized in that 
the ?rst metallization layer (41) is formed With a layer 

thickness ofless than 500 nm. 
8. Method according to claim 1, 
characterized in that 
the ?rst metallization layer (41) is formed With a layer 

thickness of less than 200 nm and the second metalliza 
tion layer (42) of gold is formed With a layer thickness 
betWeen 20-60 nm. 

9. Semiconductor Wafer With a metallization (40) for at 
least one contact pad (20), comprising: 

at least one contact pad (20) arranged on a semiconductor 
Wafer (10), 

a barrier layer (30) arranged on the top surface of the at 
least one contact pad (20) and completely surrounding 
the at least one contact pad (20), 

a metallization structure (40) arranged on the top surface of 
the barrier layer (30), Wherein the metallization struc 
ture (40) has a layer structure comprising ?rst metalli 
zation layers (41) alternating With second metallization 
layers (42), Wherein each ?rst metallization structure 
(41) is formed of nickel or a nickel alloy With a layer 
thickness of less than 1 pm and each second metalliza 
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tion layer (42) is formed of an electrically conducting 
material Which is different from nickel or a nickel alloy, 
characterized in that 

the second metallization layer (42) is made of a ductile 
material. 

10. Semiconductor Wafer according to claim 9, 
characterized in that 
the second metallization layer (42) is made of a material 

having a ductility corresponding to at least 60% of the 
ductility of gold, and an electrical conductivity corre 
sponding to at least 10% of the electrical conductivity of 
gold. 

11. Semiconductor Wafer according to claim 9, 
characterized in that 
the second metallization layer (42) is formed With a layer 

thickness betWeen 10-200 nm. 
12. Semiconductor Wafer according to claim 9, 
characterized in that 
the ?rst metallization layer (41) is formed With a layer 

thickness of less than 500 nm. 
13. Semiconductor Wafer according to claim 9, 
characterized in that 
the ?rst metallization layer (41) is formed With a layer 

thickness of less than 200 nm and the second metalliza 
tion layer (42) of gold is formed With a layer thickness 
betWeen 20-60 nm. 

10 
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8 
14. Semiconductor Wafer according to claim 9, 
characterized in that 
the metallization structure (40) comprises at least one of 

the ?rst metallization layer (41) interposed betWeen tWo 
of the second metallization layers (42). 

15. Semiconductor Wafer according to claim 9, 
characterized in that 
the metallization structure (40) comprises at least ?ve of 

the ?rst metallization layers (41) each interposed 
betWeen a different pair of the second metallization lay 
ers (42). 

16. Semiconductor Wafer according to claim 9, 
characterized in that 
the number of the ?rst metallization layers (41) is selected 

such that the sum of the layer thicknesses of the ?rst 
metallization layers (41) is greater than 2 pm. 

17. Semiconductor Wafer according to claim 9, 
characterized in that 
the semiconductor Wafer (10) comprises at least one hun 

dred contact path (20) and/or the semiconductor Wafer 
(10) has a semiconductor chip and/or the semiconductor 
Wafer (10) has a microelectronic circuit. 

* * * * * 


