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Novel Cu-to-Cu Bonding With Ti Passivation
at 180 °C in 3-D Integration
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Abstract— A novel CMOS-compatible bond structure using
Cu-to-Cu bonding with Ti passivation is demonstrated at low
temperature and investigated. With the Ti protection of inner Cu,
Cu bonding temperature can be reduced to 180 °C. In addition,
excellent electrical stability against humidity and temperature
cycling is achieved. Diffusion behavior and mechanism of Cu
and Ti are also discussed. With excellent bond results and
reliability, this bonded scheme has the potential to be applied
in 3-D integration.

Index Terms— 3-D integration, Cu bonding, Ti passivation.

I. INTRODUCTION

L ITHOGRAPHY and physical limitation will bring up the
bottleneck of developing new semiconductor fabrication

in the near future. 3-D integration is one of the most promising
candidates for the solution, as well as the realization of
heterogeneous integration. 3-D integration has advantages of
high function density, small form factor, and high performance
[1]–[3]. In 3-D integration bonding technology, one of the key
technologies currently uses metals for the stacking medium
as the mainstream, especially copper with its outstanding
electrical properties. Conventional Cu-Cu bonding can provide
excellent resistance toward electromigration, thermal stressing,
and mechanical stress. However, the required bonding temper-
ature is >300 °C to achieve good results [4]. The high bonding
temperature may result in the misalignment, residual thermal
stress, high cost, and low throughput [5].

In this letter, a novel bond structure using Ti as the pas-
sivation layer on Cu surface is proposed and developed at
low temperature of 180 °C. With the interdiffusion behavior
of copper and titanium during thermal compression process,
Cu-to-Cu bonding can be completed and a continuous Cu
layer is formed between two Ti layers. With the excellent
bond results, it is recommended that Cu-to-Cu bonding with
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Fig. 1. Cu/Cu with Ti passivation bonded results. (a) SEM. (b) TEM.

Ti passivation can be a promising method for low-temperature
bonding technology.

II. EVALUATION OF Cu/Ti–Ti/Cu BONDED STRUCTURE

300-nm Cu layer followed by 5–10-nm Ti passivation layer
on Cu surface was deposited on Si substrate sequentially, under
a working pressure of 7 × 10−3 torr and with a base pressure
of 1 × 10−6 torr. There is no surface treatment needed before
thermal compression bonding process due to the application of
Ti passivation on copper. These samples were bonded face-to-
face at 1.91 MPa and 180 °C for 30–50 min. The morphology
and element analysis of the bonded structure were analyzed
by SEM, TEM, EDX, and AES.

The cross-sectional view of the bonded structure in Fig. 1(a)
shows a well-bonded result without voids and cracks. Sur-
prisingly, the bonded interface morphology shows the two
Ti layers on Cu surface are not at original bonded interface
anymore, but a Cu layer between them instead, as shown in
Fig. 1(b). Fig. 2(a) and (b) shows TEM image and EDX
analysis. As shown in Fig. 2(b), Ti/TiOx moved toward Si
substrate, while Cu moved to original bonding interface,
further performed Cu-to-Cu bonding at low temperature. This
result suggests an interdiffusion behavior was involved during
bonding.

To evaluate the interdiffusion behavior, one Cu sam-
ple with Ti layer at the surface before and after 400 °C
60-min N2 anneal was examined by Auger analysis, as shown
in Fig. 3(a) and (b). Since Ti is easily oxidized, a very
thin Ti oxide layer (<5 nm) is observed on the surface in
Fig. 3(a). No oxygen in the entire copper region indicates
that Ti has successfully protected inner Cu from oxidation.
After 400 °C 60-min N2 anneal, Fig. 3(b) shows some
Cu has diffused out of Ti layer and become surface layer.
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Fig. 2. (a) TEM image of the Cu/Cu bonding with Ti passivation and the
EDX scanning position. (b) Corresponding EDX composition profile.

Fig. 3. Auger depth profiles of Cu layer with Ti passivation. (a) Before
annealing. (b) After annealing at 400 °C for 60 min.

Due to lower activation energy at the surface, Cu has a
tendency to diffuse toward surface. In contrast, Ti/TiOX tends
to diffuse toward Si substrate [6]–[8]. This phenomenon has
been observed in metal films in previous studies as well
[8], [9]. Therefore, during bonding process, Cu diffused to
surface from two samples can be bonded together without Cu
oxides involved.

III. SCHEMATIC OF BONDING PROCEDURE

Based on previous discussion, Cu/Ti–Ti/Cu bond structure
could be a potential option for interconnects in 3-D integration.
Fig. 4 shows the schematic diagram of the Cu/Ti–Ti/Cu
bonding procedure. At first, Ti on the surface protects inner
Cu before bonding. During bonding process, some Cu atoms
diffuse toward the bonding interface and form a new surface
layer, while Ti/TiOX atoms move toward the substrate. Finally,
Cu atoms of new surface layers from the top and bottom
samples perform bonding and merge into a continuous layer.
Since Ti is a CMOS compatible material, this bond structure
can be employed in current semiconductor process with cost
benefit.

Fig. 4. Schematic diagram of Cu-to-Cu bonding with Ti passivation.

Fig. 5. Contact resistance measurement of the bonded structure.
(a) Schematic diagram and top view. (b) Before current cycling. (c) After
1000 current cycling.

IV. ELECTRICAL MEASUREMENT AND

RELIABILITY INVESTIGATION

Contact resistance of the bonded structure was evaluated
by a modified Kelvin structure, which has been used in
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Fig. 6. Contact resistance measurement of the bonded structure. (a) Before
and after temperature cycling test. (b) Before and after unbias HAST.

3-D integration [10]–[11]. Fig. 5(a) shows the schematic
diagram and top view of this test structure. Fig. 5(b) shows
resistance measurement results of one Cu/Ti–Ti/Cu bonded
structure under different applied current, demonstrating a good
structural and electrical stability after bonding. The measured
resistance of bonded structure is compatible to that of current
products, demonstrating the feasibility of manufacturing.

In addition, this bonded scheme was investigated again after
multiple current stressing, where each stressing was swept
from −100 to 100 mA. As shown in Fig. 5(c), even after
1000 multiple current stressing cycles, the resistance of bond
structure does not change much and keeps stable, indicating a
reliable performance after electrical operation.

Since the reliability is an important concern in 3-D inte-
gration, the bonded structure was also evaluated with thermal
cycling test (TCT) and unbias highly accelerated stress test
(unbias HAST). The resistance measurement result of one
bonded structure after TCT treatment is shown in Fig. 6(a).
TCT was performed with temperature cycling from −55 °C
to 125 °C (JESD22-A104B) to assess thermal reliability.
As shown in Fig. 6(a), after 500 thermal cycling loop treat-
ments, the resistance of the bonded structure is still stable and
even has a slight decrease, which may come from the quality
improvement of bonding interface during TCT [12].

The unbias HAST (JESD22A-118) was performed at
85% RH and 130 °C for 96 h. Fig. 6(b) shows the resistance

measurement result of another bonded structure after the
unbias HAST. It can be seen that the resistance also stays
stable after unbias HAST. The resistance after unbias HAST
has also a slight decrease, which is similar to that after TCT
treatment. These results suggest that this Cu bond structure
with Ti passivation can be effective ability against the corro-
sion and degradation caused by environment.

V. CONCLUSION

A novel Cu bond structure utilizing Ti passivation layer
has been proposed for low-temperature bonding technology in
3-D integration. Both electrical performances and reliability
results demonstrate that this bonded scheme is stable and has
high resistance against temperature and humidity degradation,
and suitable for low temperature 3-D integration applications.
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