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Structural investigations of gold-to-gold wafer bonding interfaces
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Abstract
We have reported the wafer bonding of gold (Au)–Au at 400 ◦ C using the simple furnace and have investigated the structural properties
of the Au-bonded layer. Scanning electron microscopy indicated that the bonding interface was clear and straight and the average interfacial
grain size of Au-bonded layer increased by the wafer bonding. X-ray diffraction revealed that the lattice plane spacings of interfacial grains
decreased by the wafer bonding and the bonded Au layer tended to show the (2 2 0) preferred grain orientation.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction
Gold (Au) thin films, due to its inertness, have potential
applications in reflective optics from infrared to X-ray region [1], substrates for scanning tunneling microscopy, and
in corrosion prevention, wear protection, and biosensing
devices [2]. Recently, the Au film has been studied for interconnection in integrated circuit fabrication due to its high
conductivity. Since wafer bonding may also have a niche
in integrated circuits by making possible the integration of
devices fabricated with different technologies, Au wafer
bonding is a very attractive candidate in the implementation
of future 3-dimensional integrated circuits.
Although there are numerous papers describing wafer
bonding of various materials, such as Si−Si [3,4],
GaAs−GaAs [5], GaAs−Si [6,7], AlGaInP−GaP [8],
GaAs−sapphire [9], SiC−Si [10,11], Bi4 Ti3 O12 −Si [12],
Gd3 Ga5 O12 −InP [13], there are only few reports on the
metal-to-metal wafer bonding [14,15].
In this study, we investigate the wafer bonding of
sputter-deposited Au thin films depending on the bonding
temperature in the range of 250–600 ◦ C. Since understanding and controlling the interfacial microstructures are important not only for the materials science but also for the
future application, we investigate the structural properties
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of bonded layers by scanning electron microscopy (SEM)
and X-ray diffraction (XRD).

2. Experimental
About 100–120 nm of Au layers were deposited by the
radio frequency magnetron sputtering on p-type (1 0 0) 4 in.
Si wafers. Fig. 1 shows the schematic diagram of the vertical furnace with a quartz tube, used for wafer bonding
experiments. After the wafers were cut into the pieces with
a dimension of 10 mm × 10 mm, the two samples were
loaded Au surface-to-Au surface onto the lower sample
holder. Subsequently, the lower holder moved upward and
contacted with the upper holder, pressing and bonding the
samples face-to-face under a pressure of 5 × 104 mbar
(5 MPa) for 5 min. During the bonding processes, the temperature was set at 250–600 ◦ C in an argon ambient with
a flow rate of 1 standard liter per minute. Bonding experiments revealed that the efficiency of wafer bonding
depended on the wafer bonding temperature at the fixed
pressure. The samples were successfully bonded at 400 and
600 ◦ C and the bonded layers could not be delaminated by a
manual grinding, while they were easily separated after the
wafer bonding at the lower bonding temperature of 250 ◦ C.
The cross-section and surface morphologies of Au layers
before and after bonding were examined with scanning electron microscopy (SEM) (Hitachi S-4200) and the crystallography of the Au layers were analyzed by X-ray diffraction
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Fig. 1. Schematic diagram of a vertical furnace used for the wafer bonding.

(XRD) using Cu K␣1 radiation (λ = 0.154056 nm). In order to observe the bonding interface using XRD and SEM,
we have removed the one-side sample.

3. Results and discussion

Fig. 3. Plan-view SEM images of (a) as-deposited Au layer and (b) bonded
Au layer at 400 ◦ C, revealing the enhanced grain after the wafer bonding.

The two Au/Au films, each with film thickness of about
100–120 nm, were found to be bonded to each other over
a whole sample area (10 mm × 10 mm). Fig. 2 shows the
typical cross-sectional SEM images of Au layers after

bonding at 400 ◦ C and the as-deposited Au layer (inset).
Cross-sectional SEM images indicate the clear and straight
bonding interface.Fig. 3a and b show the plan-view SEM
images of as-deposited and bonded Au layer, respectively,

Fig. 2. Cross-sectional SEM images of Au−Au-bonded layer at 400 ◦ C (Inset: cross-sectional SEM images of as-deposited Au layer).
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sities of (1 1 1) and (2 2 0) peaks are distinguishably strong
compared to other peaks. It is noteworthy that the relative
intensities of (1 1 1) and (2 2 0) diffraction peaks, compared
to other peaks, become weaker and stronger, respectively,
after the wafer bonding at 400 ◦ C and accordingly the
bonded Au layer tend to show the (2 2 0) preferred grain orientation with the 2 2 0 direction perpendicular to the film
plane. We surmise that the grains with (2 2 0) orientation is
expected to have lower yield stresses than (1 1 1) grains and
thus (2 2 0) grains will tend to grow before (1 1 1) grains
and may therefore have an energetic advantage for further
growth, by minimizing the strain energy of the Au films [17]
(We define (h k l) grains as grains with a (h k l) plane parallel to the film surface.). Although previous researchers have
reported the similar observation on the grain orientation in
other metal systems such as the copper (Cu)-to-Cu [14] and
platinum (Pt)-to-Pt [15] wafer bonding, further systematic
study is necessary to reveal the detailed mechanism of grain
orientation during the Au wafer bonding process.
Fig. 5a–d, respectively, represent the (1 1 1), (2 0 0),
(2 2 0), and (3 1 1) diffraction peaks of as-deposited and
400 ◦ C-bonded Au layers, indicating that the peak angle (2θ)
of the (1 1 1), (2 0 0), (2 2 0), and (3 1 1) diffraction peaks,
respectively, changes from 38.42 to 38.48◦ , from 44.48 to
44.68◦ , from 64.80 to 64.94◦ , and from 77.80 to 77.91◦ , by
wafer bonding at 400 ◦ C. Since the peak angles of observed
diffraction peaks increase by the wafer bonding and larger
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Fig. 4. XRD patterns for (a) as-deposited and (b) bonded Au layer.

indicating that the average grain sizes at the bonding interface become larger by the wafer bonding at 400 ◦ C.
In order to investigate the changes in relative intensities and the 2θ peak angles of diffraction peaks of
Au-bonded layer by the wafer bonding, we have employed
the XRD.Fig. 4a and b show the θ–2θ XRD patterns of the
as-deposited and bonded Au layer, respectively, indicating
that both layers are polycrystalline in face-centered cubic
(fcc) phase with (1 1 1), (2 0 0), (2 2 0), and (3 1 1) diffraction peaks. In the as-deposited Au layer, the relative inten-
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Fig. 5. Portions of X-ray diffraction spectra, revealing the (a) (1 1 1), (b) (2 0 0), (c) (2 2 0), and (d) (3 1 1) diffraction peaks of as-deposited and
400 ◦ C-bonded layers.
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peak angle corresponds to the smaller lattice plane spacing
by the Bragg’s law [16], we reveal that the lattice plane
spacing is reduced by the wafer bonding at 400 ◦ C. As our
previous experiments indicated that the 400 ◦ C-annealed
Au layer without bonding showed the similar increases of
the peak angles to the 400 ◦ C-bonded layer within experimental error (not shown here), we surmise that the crystal
mismatch and difference of thermal expansion between Si
and Au might have caused the changes of the lattice plane
spacing in the Au films.
4. Conclusions
In summary, we have demonstrated the bonding of the Au
thin film onto the Au layer on the Si(1 0 0) substrate. Investigation of the bonding interface with the bonding temperature of 400 ◦ C indicates that the relative intensities of (1 1 1)
and (2 2 0) peaks, compared to other peaks, decreases and
increases, respectively, with the wafer bonding. The average
grain size and the lattice plane spacings increase and decrease, respectively, with the wafer bonding. The feasibility
of Au-to-Au wafer bonding and its structural characterization will contribute to the development of interconnection
technology for future integrated circuits.
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