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Abstract

In this study, a novel 3D microfabrication technology using surface activated bonding
(FORMULA technology) was developed and its overlay errors of 3D microstructures were
measured and analyzed by the newly-developed least square circle method.

Chapter 1 summarizes the background and previous studies.

Chapter 2 describes principle of the FORM ULA technology with surface activated bonding.
Design and components of the feasibility machine (F-0 machine) was also explained and
fabricated microstructures were demonstrated.

Chapter 3 describes the automated production machine (F-1 machine), which was designed
with many feedbacks from F-0 machine and enable us to fabricate larger and more accurate
devices with shorter cycle time. Fabricated devices were demonstrated and it was found that the
major problem was overlay errors between layers.

Chapter 4 describes the newly-developed least square circle method in order to measure overlay
errors efficiently. This method calculates shifts of center coordinates of concentric circles and
consists of (1) SEM (Scanning Electron Microscope ) image capture of a truncated cone structure
fabricated by multiple stacking of concentric circular patterns, (2) edge extraction of the circles,
and (3) calculation of the center coordinates by the least square fitting. The repeatability of the
measurement method was better than 1px in 3¢ deviation.

Chapter 5 describes the results of overlay errors in F-1 machine. An overlay error was analyzed
by the least square circle method and error factors were revealed in F-1 machine. It was found
that the overlay errors were classified into three factors: (1) intra-cell random error of 34 nm; (2)
inter-cell random error of 98 nm ; and (3) inter-cell systematic error of 32 nm . The dominant
causes of the errors were related to the components of the fabrication machine. The major causes
of the inter-cell random error were the positioning error of 74 nm in XY stage and the fluctuation
error of 46 nm in Z stage in XY directions. Those were induced by the vibration of vacuum
pump. The inter-cell systematic error was observed in spite of an alignment operation between
the donor substrate and XY stage. An alignment simulation was revealed that the systematic
error was developed by the random error of alignment mark coordinates acquired in the
alignment operation. It was also demonstrated that the inter-cell systematic error was reduced
down to 9 nm by applying an average reading method of the alignment mark coordinates.

Chapter 6 summarizes the results of this study.






