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Abstract

Abstract
Comparing with others wafer direct bonding technology, low-temperature

bonding technique can avoid the defect caused by high temperature annealing, it is
widly wused in many production processes of device, such as MEMS
(Micro-Electro-Mechanical System), SOI, Piezoelectrics and acoustooptics. Aim at
traditional low-temperature bonding technology is not suitable for a mobil wafer, a
new low-temperature bonding technology is proposed, which combins wet processes
of activation with plasma dry of activation. Based on the low-temperature bonding
technology, theory, process researches and quality assessment are presented as
follows:

(1) We analyzed each mechanism, including wet process of activation, plasma
dry of activation and a combination of the two. Based on the surface energy,
introduced emphasizly advantages of the method that wet processes of activation
combined with plasma dry of activation. Then, a bonding model is build up using
Hertz contact theory from physical point of view, according to the force analysis of
the model, for elastic deformation can cause the contact stress and adsorbability can
emerge in activation process, the influences on wafer direct bonding are discussed
based on them, it is helpful to bonding when adsorbability larger than contact stress in
wafers. At last, the method for the evaluation of bonding quality is proposed and an
experiment which is a comparison of wet activation, plasma activation and the
combination of the two is presented aiming for verifying the superiority of the method
we proposed.

(2) It studies the low-temperature direct bonding of materials without the oxide
layer such as the bonding of silicon and silicon. The influence of plasma activation
time on bonding quality is studied from the surface energy perspective. From the view
of the contact force, extern applied force and the duration time of extern applied force
are also studied. Finally, annealing atmosphere and annealing temperature are studied
from the point of external factor. An analysis is provided based on the above study.
The best parameters for the low-temperature of silicon and silicon is drew from the
comparison of the above study.

(3) 1t also studies the low-temperature direct bonding of materials with the
oxide layer such as the bonding of silicon and oxide silicon. A comparison experiment

is presented based on the different activation method of oxide silicon, and we draw a



Abstract

conclusion that silicon with plasma activation and oxide silicon with wet activation is
helpful for the bonding of silicon and oxide silicon. The influence of plasma
activation time, extern applied force, the duration time of extern applied force,
annealing atmosphere and annealing temperature on bonding area and bonding
strength are also studied. An analysis is provided based on the above study. The best
parameters for the low-temperature of silicon and oxide silicon is drew from the
comparison of the above study.

(4) Based on the above results we have got, it realizes bonding of silicon and
silicon with the cavity, and then accomplishes bonding of silicon wafer and silicon
wafer, which provide experimental basis for the fabrication of MEMS devices and
SOl devices.

Keywords: Low-temperature wafer bonding; Direct bonding; Bonding quality;
Plasma activation
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