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A METHOD AND AN APPARATUS FOR FORMING AN UNDER BUMP
METALLIZATION STRUCTURE

Field of the Invention

The invention relates generally to electronic assembly technology and more
specifically to forming a refractory hydride films or layers under bump metallization
structures.

Background

One method of coupling bonding pads of an integrated circuit chip to a package is
by forming a metal bump (e.g., tin-lead (Sn-Pb) solder bump) on each pad and soldering
the substrate to a package. IBM calls its version of this technology controlled collapse
chip connection (C4).

Improvements in the area of bump metallization include incorporating an under
bump metallization (UBM) layer onto a chip. A UBM layer acts as a barrier preventing
elements from diffusing between a pad on a substrate and the bump that connects a
bump chip and its packaging substrate. Additionally, a UBM layer improves adhesion
between the bump and the pad on a substrate. Moreover, a UBM layer may act as a
wetting layer that ensures improved chip joint properties between a solder-based bump
and the UBM layer. These advantages apply to a UBM layer comprising a two layer
structure A/B-C, wherein A is, for example, a non-refractory metal such as gold or nickel
and B-C is a binary metal alloy such as titanium/tungsten (Ti/W), or a three layer
structure A/B/C wherein A is a nonrefractory metal and B and C are refractory metals.

Refractory metals and their nitrides, such as titanium (Ti) and titanium nitride
(TiN) are widely used as adhesion promoter and diffusion barrier layers in UBM. A
refractory metal nitride layer such as TiN can be formed by depositing TiN via physical
sputtering or chemical vapor deposition or annealing refractory metal in an N, or NH,
ambient at temperatures up to 700°C. However, high temperature back-end processing
can lead to serious reliability related failure, especially in a chip using copper-based
interconnects.

Several other disadvantages exist with processes known in the art. One problem
is that interdiffusion of elements occurs between a bump and a pad when a packaged chip

operates at a higher temperature. This causes the UBM layer to react with tin (Sn)



WO 01/17013 PCT/US00/40681

contained in solder to form intermetallic compounds that are mechanically and electrically
harmful to chip joints. The interfacial reaction at the bump/UBM interface can lead to
delamination of the UBM layer on a pad, inducing chip malfunction. Moreover,
electromigration (EM) induced failure may result at the bump/UBM interface from using
known methods due to “voids” forming near the interface of the solder bump materials
such as tin-lead (Sn-Pb) and UBM materials when a high current is imposed on a bump
at 100°C. It is therefore desirable to simplify the process of forming UBM layers and
generally improve the effectiveness of the UBM layer.

SUMMARY
In one embodiment, 2 method is disclosed including forming a refractory layer

over a pad coupled to a substrate and annealing the refractory layer in ambient hydrogen.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated by way of example. The invention is not limited to
the figures of the accompanying drawings in which like references indicate similar
elements. Additionally, the elements are not drawn to scale.

Figure 1A shows a cross-sectional side view of a pad and a passivation layer on
a substrate.

Figure 1B shows a cross-sectional side view of the device shown in F igure 1A
with an under bump metallization layer deposited onto the pad.

Figure 1C shows a cross-sectional side view of the device shown in Figure 1B
undergoing rapid thermal processing in ambient hydrogen.

Figure 2 shows another embodiment of the invention wherein a refractory
hydride layer is formed next to the bump.

Figure 3 shows another embodiment of the invention wherein a refractory layer
is formed between the bump and the pad.

Figure 4a shows another embodiment of the invention wherein multiple layers of
refractory and non-refractory material are formed between the pad and the bump.

Figure 4b shows the structure of Figure 4a after thermal processing to form a

refractory hydride layer.
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Figure 5 is a flow chart that illustrates a process for forming a refractory hydride

layer using a rapid thermal processing chamber.

' DETAILED DESCRIPTION

Methods are disclosed for forming a UBM structure that includes a refractory
hydride layer. In the following description, numerous specific details such as layer
thicknesses, sequences, times, temperatures, etc., are set forth in order to provide a more
thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without employing these
specific details. In other instances, well known processes and processing techniques
have not been described in detail in order to avoid unnecessarily obscuring the present
invention.

One embodiment of the invention describes a UBM material comprised of
refractory metals selected from the group comprising halfnium (Hf), niobium (Nb),
titanium (Ti), vanadium (V), zirconium (Zr), or any combination thereof deposited onto a
pad that is formed over a substrate. In one embodiment, the UBM may have a thickness
that ranges from approximately 10004 to 5000A. These metals may be combined with a
variety of other components to ensure physical and chemical stability such as copper
(Cu) and nickel (Ni) to form a copper-nickel-titanium (Cu/Ni/T1) layered structure.

Figures 1A through 1C show one embodiment of forming a refractory hydride
layer according to the invention. Figure 1A shows substrate 40 with pad 45 and
passivation layer 50. In this embodiment, pad 45 comprises aluminum (Al) but other
materials such as copper may be used. Pad 45 is patterned over substrate 40 (e.g.,
semiconductor substrate) according to a variety of methods that are known in the art.
Passivation layer 50 is, for example, silicon dioxide (SiO,), or polyimide, but other like
materials may be used. Figure 1B shows UBM 55 conformally deposited over pad 45
and passivation layer 50. UBM 55 deposition may occur through a variety of methods
such as physical vapor deposition (e.g. sputtering or evaporation), chemical vapor
deposition, or other like methods. In this example, UBM 55 is comprised of a metal or
metal alloy containing at least one refractory metal. Additionally, UBM may comprise a

single refractory metal or metal alloy layer or multiple layers.
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After deposition of UBM 55, substrate 40 undergoes thermal processing in a
rapid thermal processor using ambient hydrogen. Figure 1C shows substrate 40
undergoing annealing in ambient hydrogen. Annealing may be performed in devices that
are capable of rapid and uniform heating such as a rapid thermal processor. In rapid
thermal processing, the temperature may range from approximately 300°C to
approximately 500°C. One suitable temperature range for the hydrogen annealing is
350°C to 450°C. Annealing in hydrogen forms refractory hydride layer 60 of a portion
of the material of UBM 55. Refractory hydride layer 60 may range in thickness from
approximately 1004 to approximately 500A. After annealing, a bump, such as a Sn-Pb
solder bump, may be formed over refractory hydride layer 60 to pad 45 according to
processes known in the art.

The invention contemplates various configurations for the UBM layer. For
example, in one embodiment, a binary layer (A-B) is comprised of alloys wherein A is a
nonrefractory metal such as gold or nickel and B is a refractory metal such as those
mentioned herein ranging from 1 to 10 weight percent (wt %). In another embodiment, a
bilayer structure A/B is formed where A (non-refractory metal) is on the pad side and B
(refractory metal) is on the bump side. In yet another embodiment, a bilayer structure
B/A is formed where B is on the pad side. In another embodiment, a three element
structure A-B/C is formed that contains two different kinds of refractory metals B and C
such as niobium (Nb), titanium (Ti), tantalum (Ta), vanadium (V), or zirconium (Zr). A
UBM structure containing a refractory metal layer according to this embodiment has a
thickness approximately in the range of 1000A to approximately 5000A. A isa
nonrefractory metal with a thickness approximately in the range of 500A to 2000A. In
each of the above examples, a refractory hydride structure may be formed by annealing
the binary layer, bilayer, or multi-layer, respectively, in ambient H,.

Figure 2 shows an embodiment of the invention wherein a cross-section of
substrate 70 having pad 75, passivation layer 80, UBM 90 comprising a bilayer of a non-
refractory metal layer 92 such as nickel (Ni) or copper (Cu) formed over refractory metal
layer 85. The thickness of layer 92 is in the range of 500A-1000A. According to the
invention, this structure is subjected to thermal processing in a rapid thermal processor

with ambient hydrogen (H;). A suitable temperature range for the thermal processing is

approximately 350°C to approximately 550°C. Additionally, a suitable time period of
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this process ranges from approximately one minute to five minutes. After rapid thermal
processing, a portion of refractory metal layer 85 is converted to a refractory hydride
layer. Refractory hydride layer 85 is essentially formed in a self-aligning process
without changing or adding ény new materials. Refractory hydride layer 85 has a
thickness that preferably ranges from approximately 100A to 5504 and is uniformly
controlled by the UBM thickness and the rapid thermal process. Bump 95 is formed
over UBM 90.

Figure 3 shows substrate 100 with pad 110 and passivation layer 120. In this
embodiment, UBM layer 130 comprises a refractory metal in a binary alloy (A, xBx)
form. A is a non-refractory metal. B is a refractory metal. In this embodiment, X is in a
range of 0.05 to 0.5. Upon thermal processing in H, ambient (temperature ranging from
350°C to 550°C) refractory hydride portion 135 is formed. Bump 140 is formed over
UBM layer 130.

Figure 4a shows another embodiment of the method of the invention wherein the
substrate 200 includes UBM layer 235 of non-refractory metal layer 250 and metal layer
230 that is a binary alloy of a non-refractory metal and a refractory metal. The structure
is subjected to thermal processing in ambient H, to form a refractory hydride. Figure 4b
shows the structure of Figure 4a after thermal processing comprising non-refractory
metal layer 250, refractory hydride layer 240, and non-refractory metal layer 245. In this
embodiment, a tri-layer structure is formed with a portion of the binary alloy forming the
refractory hydride layer. This structure may be thought of as a combination of two
previous structures mentioned in Figure 2 and Figure 3.

Figure 5 is a flow chart of an embodiment of a method of the invention. At
operation 305, a metal pad is patterned on a substrate using methods known in the art.
At operation 300, refractory metals are deposited over the pad and a passivation layer
previously patterned on the substrate. A variety of methods may be used to deposit the
layer of refractory metals on the pad and passivation layer. For example, physical vapor
deposition (e.g. sputtering) or electron beam co-evaporation techniques may be used. At
operation 310, the substrate of operation 300 is inserted into the rapid thermal

processor. Rapid thermal processing occurs in ambient hydrogen at operation 320. In
this process, an optimal temperature range of approximately 350°C through 550°C and
an annealing time in the range of approximately 1-5 minutes is used. At operation 330, a

5
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refractory hydride layer is formed. However, it should be noted that multiple refractory
hydride layers may be formed using the same operating conditions provided above for
forming a single refractory hydride layer. At operation 340, bump plating of the UBM
may occur either before or after patterning of the UBM.

In the foregoing specification, the invention has been described with reference to
specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader spirit
and scope of the invention. The specification and drawings are, accordingly, to be

regarded in an illustrative rather than restrictive sense.
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CLAIMS
We claim:
1. A method comprising:
(@) forming a 1ayér comprising a refractory material over a pad coupled to a

substrate; and

) annealing the layer in ambient hydrogen (H,).

2. The method of claim 1, wherein the annealing forms a refractory hydride layer.

3. The method of claim 1, wherein an annealing temperature is between the range of

approximately 350°C and approximately 550°C.

4. The method of claim 1, wherein the layer comprises a material selected from the
group consisting of halfnium (Hf), niobium (Nb), titanium (Ti), vanadium (V), zirconium

(Zr), and any combination thereof.

5. The method of claim 2, wherein the layer comprises a material selected from the
group consisting of halfnium (Hf), niobium (Nb), titanium (Ti), vanadium (V), zirconium

(Zr), and any combination thereof.
6. The method of claim 2, further comprising forming a bump over the layer wherein

the layer is substantially unreactive with the bump and the pad at a temperature

approximately in the range of 350°C - 550°C.

7. The method of claim 2, wherein the refractory hydride layer has a thickness
approximately in the range of 100A to 500A.

8. The method of claim 1, wherein annealing time is approximately in the range of 1

to 5 minutes.

9. The method of claim 2, wherein the refractory hydride layer adheres to the pad.
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10. An apparatus comprising:

a passivation layer disposed over a substrate;

a pad disposed over the substrate and exposed through the passivation layer; and

a refractory hydride‘ layer disposed over a portion of the passivation layer and a
portion of the pad, the refractory hydride layer being conductive with a thickness
approximately in the range of 100A to 500A.

11. The apparatus of claim 10, wherein the refractory hydride layer comprises a
material selected from the group consisting of halfnium (Hf), niobium (Nb), titanium (Th),

vanadium (V), zirconium (Zr), and any combination thereof,

12. The apparatus of claim 10, wherein the refractory hydride layer adheres to the
pad.

13. The apparatus of claim 10, wherein the refractory hydride layer has a thickness
approximately in the range of 100A to 500A.

14.  An apparatus comprising:
a substrate;
a passivation layer coupled to a substrate
a pad coupled to a substrate;
a refractory layer coupled to the pad; and

a under bump metallization layer comprising a refractory metal hydride.

15. The apparatus of claim 14, wherein the under bump metallization layer further

comprises a non-refractory layer.

16.  The apparatus of claim 15, wherein the non-refractory layer of the under bump

metallization layer is 5004 to 1000A.

17. The apparatus of claim 14, wherein the refractory layer is a refractory hydride

layer.
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