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Abstract

This work presents a surface activated aluminum to aluminum (Al-Al) wafer bonding process and the effect of different
cleaning chemistries used after dry etching on the later bonding quality. Different cleaning procedures based on ammo-
nium fluoride (NH4F) and a hydroxylamine (NH.OH) were investigated. The bonding quality was evaluated using C-
mode scanning acoustic microscopy (C-SAM) and the results were correlated to the surface properties of the aluminum
investigated with atomic force microscopy (AFM), scanning electron microscopy (SEM) and X-ray photoelectron spec-
troscopy (XPS). We show that the best bonding quality is obtained using a 20 min NH>OH-based clean. It efficiently
removes etch residues without significantly affecting the surface properties of aluminum.

1 Introduction

Al-Al wafer level bonding is a very promising technique
for 3D heterogeneous integration. However, a major draw-
back is the fast oxidation of the Al surface in air. The stable
oxide layer acts as a barrier and inhibits the diffusion of Al
atoms across the bonding interface [1]. This can be avoided
by using a ComBond high vacuum system. Here, the alu-
minum surface is treated with an Ar plasma, which first re-
moves the oxide and then the wafers are bonded in a high
vacuum atmosphere to prevent reoxidation. Still, the bond-
ing result depends heavily on the condition of the alumi-
num surface. This study investigates the effects of different
cleaning methods on the aluminum surface and the subse-
quent bonding result. The roughness and contamination of
the aluminum surface were measured using atomic force
microscopy (AFM) and X-ray photoelectron spectroscopy
(XPS), respectively. We then correlated these measure-
ments directly with the bonding quality, which was inves-
tigated using C-mode scanning acoustic microscopy (C-
SAM).

2 Experimental

2.1

The top and bottom wafers for Al-Al bonding were pre-
pared as described below. The top wafer contained a non-
patterned 1000 nm Al layer (99.5% Al, 0.5% Cu), which
was sputtered on a 25nm Ti/ 55nm TiN barrier on top of
600nm SiO». The bottom wafer contained the same layer
sequence. But the Al layer and the Ti/TiN barrier were ad-
ditionally patterned using reactive ion etching. The remain-
ing resist was stripped and subsequently the bottom wafer
was exposed to different wet cleaning. We investigated
NOE cleaning, ACT®935 cleaning of varying lengths, and
compared the results with uncleaned wafers. NOE cleaning
uses a mixture of ammonium fluoride (NH4F) and ethylene
glycol (C2HsO2). It is performed at a temperature of 35 °C
for 2:20 min. ACT®935 cleaning uses a mixture of hydrox-
ylamine (NH20OH) and isopropanol (CsHsO). Cleaning is
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performed at 80°C, and we investigated two different du-
rations: 20 and 40 minutes.

2.2 Surface activated wafer bonding

The surface activated bonding process was carried out in
an EVG® ComBond® system using a high vacuum han-
dling cluster with several modules. First, both wafers were
transferred to the ComBond® activation module, where a
dry etch process removes the oxide and potential contami-
nants on the Al bonding pads. The pretreatment was per-
formed in an Ar plasma for 3:30 min with a beam current
of 100 mA and a voltage of 200 V. The wafers were tilted
15° and rotated with 70 rpm. Without breaking the vacuum
to avoid a reoxidation, the wafers were handled to the vac-
uum alignment module, where the flipped top wafer and
the bottom wafer were brought into contact. The wafer
stack was then transferred to the bonding chamber where
the thermocompression bonding was performed for 1h at
300°C with a force of 60kN.

3 Results

Fig. 1 shows the C-SAM mappings of the bonded wafers
using different cleaning methods. In case no cleaning was
applied after the resist stripping the C-SAM image reveals
several weakly bonded areas (bright areas in fig. 1a). The
use of a NOE clean significantly reduces the unbonded re-
gions, though it does not eliminate them entirely (fig. 1b).
The best result was obtained with a 20-minute ACT clean
(fig. 1c). The few remaining defects in the center of the
wafer originate from particles. The two unbonded areas di-
rectly at the edge of the wafer are due to the construction
of the bottom heater in the bonding chamber. This can be
avoided by rotating the wafer by 90 degrees after half of
the bonding time. Increasing the ACT®935 process time to
40 minutes does not improve the bonding quality any fur-
ther (fig. 1c). On the contrary, the C-SAM image reveals
larger areas of defects, located in a ring structure close to
the wafer edge.

We believe that the large amount of unbonded area for the
wafers without additional cleaning is due to residues left

294



DOI 10.5162/iCCC2026/P43

after the dry etching process, which are visible in the AFM
image (fig. 2a). According to the F1s and Al2p XPS spectra
shown in fig. 3, these residues are highly oxidized and may
contain small amounts of fluorine. During the NOE clean
the ammonium fluoride dissolves the native aluminum ox-
ide layer [2] and removes the residues after dry etching pro-
cess. The AFM measurement (fig. 2b) shows that the aver-
age surface roughness (R,) has increased slightly to 5.1 nm,
while the maximum peak-to-valley height (R,) remains rel-
atively high at 45.8 nm. The SEM image (fig. 2d) of the
wafer processed in NOE shows small pits probably created
during the cleaning process, leading to a high R, value and
bonding defects. The Al2p XPS spectra in fig. 3b shows a
decrease in the intensity of the peak attributed to aluminum
oxides. Additionally, a high F1s intensity was detected at a
binding energy of 686.4 eV (fig. 3a), which can be assigned
to an AlFsH>O compound on the surface [3]. After a 20-
minute ACT®935 cleaning, the XPS spectra indicate a re-
duced fluorine concentration and a stronger oxidation of
the Al surface. Apparently, this stronger oxidation has no
negative impact on the subsequent bonding as the oxide
layer is removed during the Ar sputter clean in the high
vacuum bonder. The AFM measurement (fig. 2¢) shows an
average surface roughness (R,) of 4.6 nm and the lowest R,
value (34.2 nm) compared to the other cleaning variants,
which might explain the better bonding quality. A longer
ACT clean of 40 min leads to a R, of 4.1 nm and increases
R, to 51.6 nm (fig. 2d). This might be the reason for the
decreased bonding quality.

In summary, we showed that the clean after resist stripping
strongly affects the later bonding quality. The best bonding
results were obtained after ACT®935 cleaning for 20
minutes, which effectively removes the residues without
evident effect on the surface properties of the aluminum.

3.1 Images

Figure 1 C-SAM images of Al-Al bonded wafers with dif-
ferent cleanings after dry etching: a) no cleaning, b) NOE
¢) ACT®935 20 min, d) ACT®935 40 min.
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Figure 2 AFM images of wafers with different cleanings
after dry etching: a) no cleaning, b) NOE c¢) ACT®935
20 min, d) ACT®935 40 min, d) SEM image of NOE
cleaned wafer.
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Figure 3 Fls (a) and Al2p (b) XPS spectra of wafers with
different cleanings after dry etching.
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