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TANAKA Establishes New Ruthenium Film Deposition
Process That Contributes Toward Miniaturization and
Improved Durability of Semiconductors
Prevents oxidation of substrates and achieves ultra-thin films of high quality and
low resistance through a two-stage ALD process using the liquid ruthenium
precursor “TRuST”; applications are expected in advanced technologies
necessary for technological innovations such as data centers and loT

TANAKA Kikinzoku Kogyo K.K. (Head office: Chiyoda-ku, Tokyo; Representative Director & CEO:
Koichiro Tanaka), which operates the TANAKA Precious Metals manufacturing business, announced
today that TANAKA has established a two-stage film deposition process using the liquid ruthenium (Ru)
precursor “TRuST.” TRuST is a precursor that has excellent reactivity with both oxygen and hydrogen
and can form high-quality ruthenium films. This process is a two-stage atomic layer deposition (ALD)
process that uses hydrogen film formation to create a thin anti-oxidation film and oxygen for the
deposition of a high-quality ruthenium film. It eradicates concerns that the substrate will become oxidized
and, at the same time, can prevent the drop in ruthenium purity that occurs during hydrogen film
deposition.

The film deposition process was proposed by Professor Soo-Hyun Kim from the School of Materials
Science and Engineering, College of Engineering, Yeungnam University in South Korea. The
development and evaluation of the film deposition process were jointly conducted by Professor Kim and
TANAKA Kikinzoku Kogyo.

This technology is expected to achieve greater miniaturization and improved durability of
semiconductors. It can therefore be expected to be used in data centers and smartphones—
which require even greater data processing capabilities—and contribute toward advanced
technologies such as loT and autonomous driving, which require sophisticated technological
innovations.
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Two-stage film deposition process using TRuST

m Two-Stage Film Deposition Process Using Oxygen And Hydrogen

TANAKA Kikinzoku Kogyo is developing high-purity precious metal precursors—centered on
ruthenium—for next-generation semiconductors. So far, single-stage film deposition using oxygen has
been the mainstream process for film deposition. However, the company has now succeeded in a two-
stage film deposition process using oxygen and hydrogen.

This two-stage film deposition process reduces the risk of surface oxidation of the base caused by
hydrogen film deposition and allows high-purity film deposition that maintains ruthenium purity at almost
100% using oxygen film deposition. Furthermore, by forming the base first using hydrogen film
deposition, the ruthenium film on top of the base created using oxygen film deposition will be smooth
and dense, achieving a lower resistance than before.

Generally, specific resistivity increases when film thickness decreases, which is an issue in film
deposition of semiconductors. With this new process, it was confirmed that an even lower resistance
results from a two-stage film deposition that uses hydrogen in addition to oxygen film deposition,
especially in the range of 10 nm and below. As semiconductors become even smaller in scale in the
future, demand for thinner film deposition with low resistance is also expected for ruthenium films, and
a two-stage film deposition allows this issue to be resolved. In addition, the new low-resistance, high-
purity ruthenium film created by the two-stage film deposition can be achieved using the same raw
materials and film deposition temperature for both stages. Therefore, film deposition is possible using
the same film deposition equipment, allowing capital investment costs to be suppressed. Details will be
announced at the AA2-TuA: ALD for BEOL session of the ALD 2022 conference being held in Ghent,
Belgium, on June 28, 2022.



m TANAKA Kikinzoku Kogyo’s Liquid Ruthenium Precursor “TRuST”

In the past, the most common thin film and wiring materials used

for semiconductors were copper, tungsten, and cobalt, but there
are increasing expectations for the precious metal ruthenium to g
promote greater miniaturization of semiconductors because of = =,

its lower resistance and higher durability. Therefore, TANAKA

Kikinzoku Kogyo developed TRuST—a liquid ruthenium

precursor for chemical vapor deposition (CVD) and ALD that

achieved the world’s highest vapor pressure value—and started

providing samples in 2020.

By increasing to the world’s highest vapor pressure value, which

is more than 100 times higher than existing precursors, this

precursor raises the concentration of precursor in the flm  TANAKA Kikinzoku Kogyo's liquid ruthenium
deposition chamber and the adsorption density of precursor precursor “TRUST”
molecules on the substrate surface, achieving excellent step

coverage and improved film deposition speed.

m State of the Semiconductor Industry and Background

The progress of advanced technologies such as IoT, Al, 5G, and the metaverse has led to rapidly
increasing volumes of digital data used by digital devices such as smartphones. Therefore, in the
development of semiconductors, the need for even greater miniaturization is increasing to enable the
creation of devices with higher performance and lower energy consumption. In the aspect of durability,
degradation due to base oxidation is also a major issue in semiconductor development. Furthermore,
the development of electric vehicles and self-driving cars requires similar needs for the miniaturization

of automotive semiconductors along with further improvement in durability.

In the semiconductor industry, which will require greater miniaturization and improved durability in the
future, TANAKA Kikinzoku Kogyo seeks to further reduce costs and achieve higher quality by improving
the film deposition speed of liquid ruthenium precursors. At the same time, the company will contribute
to greater miniaturization and improved durability of semiconductors to support the development of new

advanced technologies enabled by semiconductors.



mAbout TANAKA Precious Metals

Since its foundation in 1885, TANAKA Precious Metals has built a portfolio of products to support a
diversified range of business uses focused on precious metals. TANAKA is a leader in Japan
regarding the volumes of precious metals handled. Over the course of many years, TANAKA has not
only manufactured and sold precious metal products for industry but also provided precious metals in
such forms as jewelry and assets. As precious metals specialists, all Group companies in Japan and
around the world collaborate and cooperate on manufacturing, sales, and technology development
to offer a range of products and services. With 5,193 employees, the group’s consolidated net sales
for the fiscal year ending March 31, 2021, was 1,425.6 billion yen.

m Global industrial business website

https://tanaka-preciousmetals.com/

m Product inquiries
TANAKA Kikinzoku Kogyo K.K.
https://tanaka-preciousmetals.com/en/inquiries-on-industrial-products/

m Press inquiries

TANAKA Holdings Co., Ltd.
https://tanaka-preciousmetals.com/en/inquiries-for-media/
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