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Abstract: This study investigated the various physical and electrical effects of silicon direct bonding. Direct bonding
means the joining of two wafers together without an intermediate layer. If the surfaces are flat, and made clean and
smooth using HF treatment to remove the native oxide layer, they can stick together when brought into contact and
form a weak bond depending on the physical forces at room temperature. An IR camera and acoustic systems were
used to analyze the voids and bonding conditions in an interface layer during bonding experiments. The 1-V and C
-V characteristics are also reported herein. The capacitance values for a range of frequencies were measured using a
LCR meter. Direct wafer bonding of silicon is a simple method to fuse two wafers together; however, it is difficult
to achieve perfect bonding of the two wafers. The direct bonding technology can be used for MEMS and other
applications in three-dimensional integrated circuits and special devices.
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Table 1. Material’s properties of a used silicon.

Material Silicon
Poisson’'s Density Conductivity
E-modulus " o (gfom’) (wim-k)
112.4 0.22 2.33 124
. Specific Heat _ . .
Expansion . Thickness (um Wafer size
P (g ©) vm
2.5x10° 0.702 525 4

A

Fig. 1. Image of surface stress at shear force using comsol Fig. 2. Image of pressure distribution using Comsol simulation
simulation. in (a) back side and (b) front side of a bonded wafer.
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Fig. 5. Image of silicon interface a unbounded p and n wafers
after 2 weeks.
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Fig. 6. Image of silicon interface at n/n junction using optical
microscopy.

junction using

Image of silicon interface at n'/p*
optical microscopy.
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Fig. 8. IR inspevction system for the investigation of interface
on bonded wafers.

Fig. 9. Images of the investigation of interface on bonded wafers
using IR inspection system. (a) Bonded interface with p-n* (111)
silicon, (b) bonded interface with p-p (111) silicon, and (c)
bonded interface with n-n (100) silicon.
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Fig. 10. Images of the investigation of interface on bonded
wafers using ultra sonic inspection. (a) Bonded interface with
p-n" (111) silicon, (b) bonded interface with p-p (111) silicon,
and (c) bonded interface with n-n (100) silicon.
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Fig. 11. Measured surface morphology of a backside of (100)
silicon after KOH etching using optical microscope.

Fig. 12. Measured surface morphology of a backside of (111)
silicon after KOH etching using optical microscope.
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Fig. 13. Silicon samples after dicing using a diamond sawing
tool.

Fig. 14. Measured surface morphology of a sidewall of (111)
silicon after dicing using SEM.
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12 Measured data using LCR meter
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Fig. 17. Measured capacitance of a diced sample in a bonded
wafers using LCR meter.
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