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Aluminum Electrochemical Deposition and Its Microsystem Applications

TN LERDEHNEZFD~A 7 a0 AT M

T2eR K4 Muhammad Salman Al Farisi
FBEHE4 HF  FHis

Aluminum has played a significant role in human life. It is the most abundant as well as the most heavily
used non-ferrous metallic material. Its metal and alloys are being utilized for a wide spectrum of
applications. However, the exploration of the material in microelectronics and microsystems has been
limited to its thin film due to the inability to deposit its thick film of several um with a high efficiency. In
this study, a molded electrochemical deposition process of aluminum is developed towards its microsystem
applications. The basic material properties and their evolution with the deposition parameters are evaluated
at the initial stage to form a basic understanding of the film’s behavior as a design guide for its microsystem
applications. Next, some microsystem applications are challenged.

The applications of electrochemical deposits can be generally categorized into 2: as a structural material or
a packaging feature. In the structural material spectrum, the electrochemically deposited Al is implemented
as a thermal actuator owing to its superior coefficient of thermal expansion. As a packaging feature, the
film is implemented as a bonding frame for heterogeneous integration of various micro-devices, owing to

its electronic devices process compatibility.
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HINF-a REBIZBWTRD biz—F, I78 27U 7INF-a KBIZE > TLGRD LRV TE
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TS A KBS B M E R 2 AV TR L 72, Spo75 & K' & BV AT ek ik 4 K8 L7-
KIGHE O RARIEA U CHlIN KT EREORIEZ1To7-. XIROKBE LY & Spo7s & 6D
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HPAC t\Woum~ hr T 7 4 —THMLice 25, BEORSTHITE AR E KRE NN &
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(it e
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fEA, HFRERED Spo7h A% AMNEEDIE M OHER I B A NARICIAET 5 Ca® Bk ThH
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[ 3CHk] [1] Cyert, M. S. and Philpott, C. C. Regulation of Cation Balance in Saccharomyces
cerevisiae. Genetics, 193, 677-713 (2013). [2] Groppi, S. et al. Glucose-induced calcium influx in budding
yeast involves a novel calcium transport system and can activate calcineurin. Cell Calcium, 49, 376-386
(2011). [3] Yuan, F. et al. OSCA1 mediates osmotic-stress-evoked Ca** increases vital for osmosensing in

Arabidopsis. Nature, 514, 367-371 (2014). [4] Acidic calcium stores of Saccharomyces cerevisiae. Cell
Calcium, 50, 129-138 (2011).
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Composition and formation of the terrestrial planets
(HUERTRY 2R DAV FHEARL & TR AR)

HEARER R4 HiE &
EBES PR B

Chemical composition of terrestrial planets records planetary accretion, core-mantle and crust-mantle
differentiation, impact, and surface processes. A comparative study of composition of the terrestrial planets
provides insights into physicochemical processes that produced planet-scale similarities and differences. A
rapid growth of both direct and indirect observations of rocky bodies in the extrasolar systems emphasize
the importance to understand the origin and present-day status of our solar system and its constituents. This
thesis investigates chemical composition of terrestrial planets and chondritic meteorites, undifferentiated
sediments of the protoplanetary disk materials, to obtain new insights into their origins, formation
processes, and relationships.

Compositional models of terrestrial planets generally find chondritic relative abundances of refractory
lithophile elements (RLE), based on limited variations of RLE ratios among chondrites and the solar
photosphere. This fundamental paradigm of compositional modeling of rocky planets are challenged by
variable RLE ratios among chondrules from highly reduced enstatite chondrites, which reflect a separation
of RLE-bearing sulfides before and/or during chondrule formation. Distinct relative chalcophile behaviors
of RLE under highly reduced conditions suggests that the Earth's mantle composition is not affected by a
separation of the RLE-bearing sulfides.

The previous model for Mars relied on an assumption of Cl-chondritic relative abundance of Mn and more
refractory elements, which was challenged by recent data from helioseismology and solar neutrino
measurements. To test validity of this assumption, an alternative model composition for Mars that avoids
such an assumption and is based on data from Martian meteorites and spacecraft observations. The model
found that Mars does not have Cl-like relative abundances of non-refractory elements. Relative to the CI
abundance, Mars is enriched in refractory elements and show a systematic depletion of moderately volatile
elements as a function of their volatilities, which indicates sulfur-poor composition for the Martian metallic
core. In addition to sulfur, the Martian core might contain oxygen and hydrogen as light elements.

Chondrites have mass and atomic proportions of oxygen, iron, magnesium, and silicon totaling >90% and
variable Mg/Si, Fe/Si, and Fe/O. The shared characteristics of Earth and Mars, i.e., refractory enrichment
and volatile depletion, combined with insights from planetary uncompressed densities, provide constraints
on the composition of the innermost planet Mercury. Uncompressed densities of rocky bodies in the solar
system decrease with their heliocentric distance, indicating a role of disk-scale metal-silicate separation
before the planetary accretion rather than post-accretionary modification processes.

This thesis investigates relationships between terrestrial planets and their potential building blocks in our
solar system. Insights presented in this thesis update our knowledge of the origin of rocky planets not only
in our solar system, but also those in the extrasolar system, and provide constraints on the formation
condition for a habitable planet formation.
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