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In direa Si wafer bonding high temperature
anneding above 1000°C is usually required for achieving
a strong bond between the wafers. However, in the
bonding of preprocessed wafers it is necessary to restrict
the temperature to avoid undesirable changes in the
substrate structures. In the ase of disgamilar materials, the
differencein thermal expansion coefficients may also lead
to large residua streses in the bonded stadk. Idedly, the
target would be to achieve strong bonding a room
temperature. By first adivating the surface strong
bonding has been achieved at anneding temperatures
below 400°C [1]. We have used low-pressure agon or
oxygen plasma to adivate the surfaces in hydrophilic
bonding of silicon and silicon oxide. Plasma parameters
and kinetic energy of the ions have been studied for their
effects on the interfada bond energy.

Czochralski grown <100> oriented ptype
hydrophili ¢ silicon wafers were used in our experiments.
Some of the wafers were thermally oxidized prior to
plasma adivation and banding to oktain hydrophilic Si to
SiO, bonds (oxide/Si bonds) and SiO, to SO, bonds
(oxide/oxide bonds). The wafers were subsequently
adivated in plasma with a variable exposure time and
controlled ion energy. Both readive (O,) and inert (Ar)
gases were used to distinguish between purely physicd
and chemicd effeds during the plasma expaosure.
Experiments were dso made using physicd ion
bombardment with a Kaufmann ion-source or using UV-
light for the adivation of the wafer surface After the
adivation treament the wafers were cleaned using
RCA1-redpy and/or deionized water. The bonding was
done dther in air or in vacuum at room temperature or at
an elevated temperature. The bonded wafer pairs were
anneded for 2 hours at 100-500°C. The bond strength was
measured using the cradk opening method in air. The
bonded structures were inspeded for interfadal voids
using IR transmission and scanning acoustic microscopy.

We found that strong bonding can be adieved
using plasma adivation in both tested gas environments.
A short exposure to the plasma is more efficient than a
treament lasting several minutes. The bond strength was
found to be higher in the bonded oxide/Si pairs when
compared to the oxide/oxide pairs. A surface energy of
2400mJm?® was achieved at temperatures of 200-400°C
for oxide/Si bonds while a value of 1500mJ¥m? was
measured for oxide / oxide bonds. The wafers can be
subjeded to wet chemistry after the plasma exposure if
caeistaken not to etch the wafer surface excessvely. For
example, the RCAl-cleaning can improve the bond
quality if the deaning time is kept short enough not to
outweigh the adivation of the surface Bonding in air
results in stronger bonds than bamding in vacuum.
However, if the dr bonding is caried out at elevated
temperatures the bond strength approaches that obtained
in vacuum bonding.

We dso studied the influence of the plasma
treament if only one of the two wafers is adivated. For
oxide/ Si bonds, the adivation of the thermal oxide has a
larger effect on the bond strength than the adivation of
the native oxide surface The results are depicted in figure
1. The observed behavior can be explained by the varying
degree of hydrophili city of the surfaces. The surface of
the native oxide can accommodate a higher equili brium
density of silanol groups compared to the therma oxide
[2]. Hence the fewer bonding sites available on the
thermal oxide beame the srength-limiting fador in
bonding. The number of bonding sitesis increased during
the plasma exposure & the ions impinging to the surface
bre&k atomic bonds and enhance the readivity of the
surface The relative amount of this enhancement is more
pronounced in the cae of thermal oxide. Figure 1 aso
shows that after anneding at 200 C, where the majority of
silanol groups dould have readed to form Si-O-bonds,
the ntributions of the two bonded wafers add almost
linealy to the final bond strength.
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Figure 1. Measured surface @ergy as a function of the
bond anneding temperature for various Ar plasma
adivation schemes in hydrophili ¢ bonding of Si to SiO..
The anedingtime was 2 hours.
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