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Developing the room-temperature wafer bonder from scratch
The Advanced Technology Research Center is responsible for developing MHI’s key leading-edge technologies. Here,
the staff conducts market intelligence activities and performs future-focused research, working with other divisions to
drive the development of new, market-changing products. In 2004, Takayuki Goto, a researcher from the Center, and
Kensuke Ide, an engineer from Machine Tool Division, began working to commercialize room-temperature bonding
technology. Starting from square one, they worked closely to explore prospective products, gathered engineers whose
skills they trusted, and established a completely new line of business — the first of its kind in the world. The product:
a room-temperature wafer bonder* for semiconductor device manufacturers.

Diligently Uncovering Latent Needs
In 2005, MHI developed the world’s first industriallevel room-temperature wafer bonder. Wafers made
of silicon and other material, which are used in
semiconductor devices such as computer memory
and cell phone sensors, are irradiated with atom or
ion beams. By activating the wafer's surface, the
machine bonds at room temperature without the
need for adhesives, heating or annealing. Since no
heat is used — unlike current mainstream devices,
there is no thermal stress after bonding, thereby
improving device quality and manufacturing
efficiency. Development of this product began when
Goto brought room-temperature bonding technology
to Machine Tool, where Ide worked.
At the time, neither of them knew what to create
from this technology. As Ide says, “All we could do
was go talk to customers. We called nearly 100
companies, and Goto and I visited about 20 who
were willing to meet with us.”
This was unfamiliar territory for them, but they
pressed forward on their own. Goto was certain that if
customers didn’t hear about the technology from the
people who knew it best, they would not understand.
According to Ide, trekking around Japan to uncover
customer needs paid off. “We’d been searching for a
‘positive area’ for this technology, but what we
discovered was ‘negative areas.’ Viable business
opportunities were virtually non-existent in fields
where unit price of the final product – the chip itself –
was low.” These negative area discoveries, however,
highlighted the positive area implications where
profitability was high, and where value lay in achieving
high-precision bonding at room temperature. As their
target became clearer, the two met with the person in
charge at a major MEMS*1 device manufacturer, and
here found their ‘positive area.’

Happy New Year!
Happy New Bonding!
The customer was impressed by the subsequent
bonding demonstration, and finally, in June 2004,

product development began. In order to deliver their
industrial room-temperature wafer bonder — the
world’s first — inside eight months, Goto gathered a
group of highly skilled members from the
Technology & Innovation Headquarters’ 1,300
researchers. “To stay on the same page and move
ahead decisively, seven select members pooled their
knowledge and brainstormed ideas. We also created
multiple safety nets, so that we wouldn’t fall behind
if something went wrong.”
Despite this, a supplier’s delayed delivery pushed back
assembly. Nevertheless, the first bonding experiment
had to be performed on January 2. To keep the
promised delivery date, they even worked on New
Year’s Eve. After doing all they could, the members
ended 2004 in the company cafeteria, eating traditional
New Year’s dishes Goto’s wife had brought them.
Test day: January 2. Success on the very first try.
This was the first time Ide saw bonding occur at
room temperature. “We stuck two wafers together
at room temperature, and they didn’t peel apart,”
exclaimed Ide. “We hadn’t used adhesive, we hadn’t
heated them, and they stuck. What a surprise.”
According to Ide, the elation he felt then still keeps
him going. That day, he e-mailed his supervisor
about the experiment: “Happy New Bonding.”
Goto commented, “It took two months to complete
the first bond with the earlier test unit. After that
experience, I knew this might not be easy, so I was
relieved when it worked so well.” In February 2005,
they delivered the product on schedule.
After that first success, the project received additional
development funds and PR activities began in earnest.
“I had the feeling that if we broke into one market, this
business would expand,” said Ide. “Room-temperature
bonding can bond various materials; it’s an extremely
versatile technology. Besides, it originated in Japan: no
overseas groups had beaten us to it. I really fell in love
with this technology.”
Ide’s feeling was spot on: at the Micromachine/
MEMS・Robotech exhibition*2, they attracted throngs
of people, met sales partners and gained more
customer connections. At this point, they have
performed more than 4,000 bonding demonstrations

Today, a New Market
Tomorrow, Half the World
The enthusiasm of Goto and Ide took the Research
Center’s component technology and turned it into
an advanced device that met customer needs. Goto
reflects, “Having technology you researched become
a product that sells is the goal of every company
researcher. I started from nothing and took it all the
way into sales. It was a truly valuable experience.”
This success is sure to motivate young researchers.
Having accomplished commercialization, the pair is
already working on a new challenge. In 2012, they
developed the world’s first fully automatic 300 mm
room-temperature wafer bonding machine for 3D
integrated LSIs * 3 . As Ide says, “The market won’t
open until 2014, but we have inquiries from the
world’s major semiconductor manufacturers, and
those will turn into orders. Ultimately, I’d like to
bond half the world’s wafers with MHI’s product.”
The room-temperature wafer bonder is still relatively
unknown overseas, but the day when MHI takes it
global is obviously not far off.

*1: Micro Electro Mechanical Systems — devices that include mechanical

elements. The category includes acceleration sensors, pressure sensors,
inkjet heads, gyros, bio-devices, and more.

*2: World’s largest trade fair for MEMS, ultra-precision and micromachining,
nanotech, and bio, plus application systems and service robot component
technology

*3: A next-generation device manufacturing method in which LSI (large-scale

integration) circuits are stacked, and the upper and lower wafers joined with
Through Silicon Vias (TSVs). Further integration in two dimensions is nearing
its limit, and this is seen as a breakthrough solution.
BOND MEISTER MWB-12-ST, the
room-temperature wafer bonder
for 3D integrated LSIs developed in
2012. The world’s first commercial
room-temperature bonder is able
to stack 300 mm-diameter wafers,
the most common type for LSIs, in
three dimensions.

Get a behind-the-scenes look at development from the seven elite researchers on the MHI website.
A Story of Innovating Challengers：Room-Temperature Wafer Bonder Edition "Taking a Dreamlike Bonding Technology to the Forefront of Manufacturing"
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a single wafer. Room-temperature bonding, used in applications such as wafer packaging, has the advantages of avoiding thermal stress warping and
making device miniaturization possible, among other benefits.

on customers’ in-development devices. According to
Goto, “Room-temperature bonding is an unknown
technology to our customers; they don’t yet have
methods for making devices or bonding
preprocessing. So we go in deep, starting with the
device development process, and solve the issues
together. Sometimes it’s necessary to seek out things
the customer would rather keep hidden and tell
them how to improve it.” This attitude has paid off,
and now customers hold them in high regard: “After
looking at other companies, they tell us our skills are
on a whole different level.”

Minato-ku, Tokyo 108-8215 Japan Phone: +81-3-6716-3111 URL: http://www.mhi.co.jp/en/ Produced by: DAIYA PR Co.,Ltd., rco Co., Ltd. Printed by: Bishodo Co.,Ltd.

* Wafers are thin (1 mm) discs used as semiconductor substrate material. Several thousand semi-conducting devices are manufactured simultaneously on

Bonding experiments are conducted in the clean room. Members
regularly gather here to run tests.
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One Researcher, One Engineer:
A Powerful Team
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Special Feature

Transferring Power
to the Future
Power Transmissions are Robust Machine Elements
That Continue to Support Social and Industrial Development

Cover:
Worms of a worm gear unit, a representative
power transmission
〔Iwatsuka Plant, Aichi Prefecture, Japan〕
P.2-3:
High-precision gears used in helicopters.
The manufacturing of these gears requires
particularly rigorous and careful precision
control in order to combine extreme lightness
with the strength to handle mega horsepower.
〔Iwatsuka Plant, Aichi Prefecture, Japan〕

Gears have been intimately linked with various forms of human activity ever since the ancient Greeks.
They played an important role in the Industrial Revolution by transmitting the power from steam engines,
and their distinctive shape is often used as a symbol of industry. Even now, no other power transmitting method matches their efficiency.

Still delivering power and driving society

By changing the revolution speed of their power and amplifying their torque, gears transform the power generated by engines
into the movement achieved by their final products. When combined, these gears form power transmissions that can accelerate and
decelerate power with extreme efficiency and precision. Indispensable to automobiles, aircraft, construction machinery and
all sorts of factory machines, gears work silently but powerfully to support a wide range of industrial and social activity.
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Unparalleled
Power Transmission
Precision

B
B：Adjusting the intermeshing of a worm gear and
wheel in a large worm gear unit. Blue ink is
applied to the worm gear, allowing machinists
to make the appropriate adjustments to the
tooth contact on the basis of the extent of ink
adhesion to the wheel.

A：Wheel teeth being cut for a large worm gear unit
used in steel manufacturing machinery. The
worm gear unit uses the Niemann tooth profile
devised in Germany. This provides high levels of
strength and lubricity that are beyond standardshaped teeth.

C
C：Grinding of a worm gear used in a dual lead
worm gear set. During grinding, oil is poured
on to the gear to cool it and moderate the
friction, thereby preventing grind cracks.
Meshing and grinding are repeated until the
required tooth contact is obtained.

A

Robustness and reliability are the key objectives of power transmission design.
Even huge gear wheels with diameters wider than 3m require micrometer-specific precision in their manufacturing.

MHI’s power transmissions achieve absolute reliability
and precision than ks to advanced design
and manufact uring technology

MHI’s innovation has contributed significantly to technological progress in the field of power transmissions.
It started production of its popular Niemann tooth profile worm gear unit in 1964. The unit’s excellent performance,
in terms of efficient transmission and high power output, helped MHI take top share in the worm gear reducer market.
In 1980, MHI developed and produced the world’s first planetary traction drive unit, a watershed product that,
instead of using gear wheels, transmits power by way of special oil that becomes highly viscous as it passes between rollers
rotating with a high rolling traction force. It also boasts a diverse line-up of top-performing products,
such as dual lead worm gear sets that offer outstanding rotational precision.

D

E

F
D： Testing the rotational accuracy of a dual lead
worm gear. This type of gear is characterized by
minimum backlash (gap between the teeth) and
high precision. The minimization of rotational
fluctuations makes this gear suitable for use in
precision machinery, such as industrial robots
and machine tools.
E： Using rollers instead of gear wheels to modify
speed, the planetary traction drive unit is a
revolutionary product that delivers levels of
rotational precision and low noise that exceed
the best performing gears. Special oil that
becomes more viscous under heavy contact
pressure is applied between the rollers to help
them transmit torque to each other. The use of
rolling friction to transmit power results in low
noise and low vibration, as well as extremely
low rotational error (about 1/20 compared to a
standard gear wheel).
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F： A steel wheel for the worm gear unit that is
currently under pre-commercialization R&D. Its
increased strength (compared to conventional
copper alloys) allows the equipment to be
downsized because the same durability can
now be achieved by a smaller wheel. The
development of these steel gear teeth leveraged
not just MHI’s materials technology, but also
its gear wheel technology.
〔A〜F:Iwatsuka Plant, Aichi Prefecture, Japan〕
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A

B

High-precision
power transmissions
manufactured by superb analysis,
manufacturing technology
and tools

B・C： Carburization helps create extremely thinwalled, but tough, high precision gears for
aircraft. This is a heat treatment process
during which carbon is added to a steel
surface to harden it. Carburization is
performed in a vacuum furnace to prevent
contamination by impurities that would
result in cracks. Experience and technology
accumulated over many years are also
required to prevent warping after the
treatment.

MHI is one of the few Japanese companies that produce
high-precision gears for aircraft, a life-critical responsibility
that demands top-class quality and design difficulty,
even by the standards of power transmissions.
MHI’s ability to create products with extremely thin-walled

C

structures that can reach maximum rotation speed of

D

20,000min -1* is evidence of the high level of its gear design
technology and manufacturing equipment. It possesses
unrivalled design capabilities that draw on a proprietary analysis
support system and special gear tooth analytical technology.
The values extracted from the enormous amount of historical data
gleaned from the development of various power transmissions
are useful for predicting post-manufacturing precision error and
performance. MHI is a globally unique integrated gear system maker
that manufactures everything from power transmissions to
A： A high-precision aircraft gear wheel undergoing its final inspection by a
3D measuring device. This allows inspectors to check whether the gear
wheel is being manufactured in accordance with its design, thereby
assuring reliable quality. Also used for the precision control of other parts,
this equipment contributes significantly to the extreme precision and
quality of the power transmissions produced by MHI.

gear cutting machines and precision cutting tools in-house.

D： Tooth contact simulation screen using an application developed by MHI. 3D
simulation of the deformation of the gear shaft and gear teeth caused by the
load on the gear wheel allows operators to predict tooth contact patterns and
the tooth behavior values required to ensure safe operation of the gear wheel.
The application can draw on the historical data of products designed and
manufactured over more than 30 years. This means that analysis can be
performed precisely and efficiently without having to test actual products.

The fact that it can use the most appropriate gear cutting machines
and precision cutting tools for each process allows MHI to
attain the high levels of precision required.
* Revolutions per minute (rpm).

State-of-the-Art Production Floor Creates State-of-the-Art Products
E

F

E： MHI’s proprietary design support system is used to design high-speed
power transmissions with a revolution speed of over 5,000min-1. It can
analyze gear wheel strength, slide bearing characteristics and gear
vibrations within any given design flow. Vibration analysis technology,
which is indispensable to the design of turbines (another area of MHI
expertise), has been systematized for power transmissions. It was
developed mainly at the Takasago Research & Development Center
which handles turbine development.
F： Horizontal boring mill (MAF-RS150C) that uses MHI’s high-speed helical
gear speed reducer for the main spindle drive in machine tools. Its spindle,
with a maximum speed of 6,000min-1, reduces motor revolutions to a sixth,
thereby increasing machining force 6 times and enabling heavy cutting.
〔Ritto Machinery Works, Shiga Prefecture, Japan〕
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H

G：The gear of a high-speed helical gear speed reducer after being ground by MHI’s gear grinding
machine (ZG1000CNC). A high-precision finish on a gear requires rigorous precision from the
grinding machine. This precision is achieved by fitting the grinding machine with MHI’s in-house
planetary traction drive unit in order to allow the stable and precise modification of the speed of its
rotating shaft. This fusion of product and technology allows MHI to deliver higher levels of product
development and product quality than less integrated gear system makers.
H： Special precision cutting tools for the Niemann tooth profile and other gears. MHI also manufactures
its precision cutting tools in-house. This allows it to design and manufacture precision cutting tools
that can meet various gear specifications and respond flexibly to customer needs. MHI has developed
cutting tools exclusively for the Niemann tooth profile, whose smooth intermeshing provides efficient
power transfer.
〔A〜E, G・H: Iwatsuka Plant, Aichi Prefecture, Japan〕
2013 No.170
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The Essential Cogs in the
Wheels of Human Endeavors
Flexible and optimal solutions from the expert
in gear products and gear manufacturing
MHI boasts a long and successful history of gear

The power transmissions developed by MHI

development and manufacturing. It originally

almost 50 years ago are still widely used in Japan

started developing power transmissions for its own

and around the world. MHI also shows its true

products, but now supplies other companies as well.

colors by providing flexible maintenance support

Its expertise and experience also extends to the gear

for these old products and even, sometimes, for

cutting machine market, in which it ranks among the

other companies’ products. In addition to overhauls,

top domestic market-share leaders and offers an

it has retrofitted existing devices and equipment so

unmatched product range. MHI delivers products

that they now deliver the same level of performance

and services based on the advantage of being both a

and functionality as new products. MHI’s meticu-

manufacturer and a user. It truly is a total solutions

lous attention to customer needs — from product

company for gear manufacturing, involved as it is in

proposals to gear manufacturing technological

all stages of gear creation, right from the cutting

support and equipment advice — has inspired deep

tools and other manufacturing equipment all the

trust from its customers.

way through to the final gear products.

Taking the benefits of gear manufacturing
technology to a wider world

The overhauling of a helical gear speed
reducer that transmits power between
the motor and the turbine of a power
generation turbine in a thermal power
plant in Chihuahua City, Mexico. This
work maintains the reducer in peak
condition, which in turn supports the
safe operation of the plant and the
stable supply of its electricity.

The pursuit of high precision in gear products

There has been a trend towards energy-saving

and the maintenance of their stable supply is

and environmentally conscious products in the

a mission for MHI. Its gear cutting machines,

industrial world recently. Demand for these

cutting tools and machines fitted with its power

products has also started to appear in developing

transmissions are actively supporting industries

countries with promising growth prospects. MHI is

throughout the world. In order to bring itself

expanding its contribution to society by further

closer to its customers and market needs, it has

strengthening its commitment to supply gear

also embarked on a program of global expansion,

products and gear technology that improve

primarily in Asia and North America where it

people’s working and living environments as well

has launched local sales and production activities.

as the natural environment.

For example, it owns a precision cutting tool

MHI has always invested generously in

manufacturer in India, a gear cutting machine

technologies for its gear products and intends to

manufacturer in China, and a broach and broach

continue doing so in order to support industry and

machine manufacturer in America.

keep the world turning smoothly and efficiently.

Examples of products fitted with MHI transmission systems
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Can-filling machine
(Mitsubishi Heavy Industries Food &
Packaging Machinery Co., Ltd.)

Marine generator turbine
(Nagasaki Shipyard &
Machinery Works)

Stage machinery system
(New National Theatre, Tokyo
Opera House)

Can-filling machine that quickly fills empty cans with
alcohol, soft drinks, or other beverages. A worm gear
unit is used to accurately rotate the filler that can be
loaded with a maximum of 2,000 cans per minute.
The unit’s input and output shafts are at right angles
to each other, reducing the space required to fit it and
the motor on the back of the filler.

A marine generator turbine fitted with
a high-speed helical gear speed reducer that
reduces the steam turbine’s rotational power
to the appropriate speed (rpm) required to
transmit power to the generator. High
efficiency, low vibrations and low noise are
required for the economical transformation of
power from the rotating turbine into electricity.

Japan’s first theater designed specifically for
opera is equipped with the latest full computer
control technology. It uses a worm gear unit to
hoist and lower the stage lift. The clean and quiet
movement delivered by the Niemann tooth profile
during the opera allows the singers to concentrate
on their own performance and the audience to
enjoy the show without distractions.
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09

The Distributed Power Generation Ace

The system can also accommodate cogeneration through simultaneous use of a
separate waste heat recovery unit that
increases energy efficiency by harnessing the exhaust gas

MEGANINJA
Goes Global

* MEGA：Mitsubishi Energy Gas Package

New Engineering Base Opens Up
New Distributed Power
Generation Markets
On October 1, 2012, MHI established a new
base in Shanghai for its distributed power
generation business: Gas Engine Distributed
Power Generation Engineering Center.
The Center offers engineering, sales and
after-sales service functions with the intent
of advancing and expanding the market.
Internal sections include system engineering
and energy solution business consulting,
where effective systems tailored to customer
needs are formulated, and a monitoring
center that supports the administration of
delivered systems.
In the U.S. where galvanized by its shale gas
revolution, in Africa and other countries with
abundant natural gas resources, and for
virtually everyone around the world waiting for
a stable power supply, the possibilities for
distributed gas engine power generation
expand into the future. MHI’s challenge to the
energy growth market has only just begun.

Quick Mobility, Quick Installation,
Quick Commissioning!
Container-Configured Gas Power
Generation System Transported by Trailer

On-site installation crew
MEGANINJA delivered to Dongguan City (for Dongguan Xinao Gas)

Shifting Towards Distributed
Power Generation
In many developing countries, power grid
expansion has been unable to keep pace
with rapid economic growth, leaving some
regions with insufficient power supply. Meanwhile, in developed countries, a shift is underway towards a low-carbon, high-efficiency
next-generation energy infrastructure based
on smart community concepts.
Both Asia and Africa have recently seen
remarkable economic growth, but in both
regions, the lack of power is a growing

concern. Securing a stable power supply is
an urgent priority in China where consumer
markets are exploding, and in Thailand and
Indonesia where an influx of global companies is taking place. Vast natural gas reserves
discovered in Algeria and Nigeria are raising
hopes for gas-fueled power generation.
Against this background, gas engine distributed power generation systems are attracting
attention. Small-scale power generation
systems can be installed in individual
consumer areas where power is needed,
serving as “local production for local
consumption” energy resources. They

require no massive power grids and are not
only cost saving and quick to install, but also
offer the advantage of reduced energy
loss through transmissions. Naturally, potential risks of large-scale power generation
systems are averted.
Abundant stores of natural gas – the
system’s main fuel source – exist around
t h e w o r l d , m a k i n g i t t h e m o s t re a d i l y
available fuel for a stable power supply.
Moreover, of all fossil fuels, it produces the
lowest emissions when burned and offers
a clean energy alternative from an environmental perspective.

MEGANINJA main equipment
Oil tank

Generator control panel
Heart of the MEGANINJA: a high efficiency gas engine (1,500kW)
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The issue of power instability is becoming
apparent worldwide. As one solution, MHI
has developed a natural gas engine
distributed power generation system: the
container-configured “MEGANINJA*.” In
July 2012 the first two units were delivered
to Dongguan City, an industrial area in
China’s Guangdong Province, for use as a
backup power system to keep factories
running in case of power blackouts from
excess demand in the summer.

MEGANINJA is an ISO 40-foot container
packed with all equipment necessary for
power generation. It can be loaded onto a
trailer and quickly taken to wherever needed.
It is, so to speak, a mobile power plant. Pipes
and wires can be connected in a single step,
and installation takes no time at all. The power
generation unit is mounted with an engine
that runs on natural gas, and as long as the
gas pipes and wiring are ready, power
generation can begin within 24 hours of the
container’s arrival. This is the first system in
the world to compress conventional installation time of up to one month down to one day.

Gas Engine Distributed
Power Generation
Engineering Center
(Shanghai, China)

MEGANINJA: The Compilation of MHI’s Engine Technology

Radiator

Generator
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The Small Mobile Power Plant
MEGANINJA Heads Overseas

MHI is one of the few manufacturers in the world who produces a wide lineup
of engines in-house, ranging from engines for power generation to those for
ships, vehicles, aircraft and rockets. MEGANINJA is the crystallization of MHI’s
total engine technology and expertise.
During development, the tricky part was designing a layout in which all five
pieces of equipment – gas engine, generator, radiator, generator control panel
and oil tank – would fit inside a 40-foot container. To realize this, we had to
optimize their relative positions and scale down the equipment itself. With the
radiator, for example, we reviewed the position of the cooling fan and halved
its length by increasing the air volume. To facilitate maintenance and
replacements, we also made the equipment self-contained so that each
component could be individually accessed.
We delivered and installed the units (in Dongguan City) in July. Since this was
our very first installation, there were a few things that didn’t go well initially.

However, following a series of intensive meetings with the customer
(Dongguan Xinao Gas) and staff from local associated companies, we
pooled our mutual expertise to resolve these issues
and managed to make up for lost time. As a result,
we were able to make good on our promise of power
generation within 24 hours of arrival, and for this the
customer offered a heart-warming “thank you.”
China plans to introduce gas engine distributed
power generation systems with a total output of 50GW
by the year 2020. With the establishment of the Gas
General Manager,
Engine Distributed Power Generation Engineering Engine Engineering Department,
Engine Division,
Center in Shanghai to solidify our foothold in the
General Machinery &
Chinese market, we would then like to advance into
Special Vehicles
the global market.
Ichiro Ichihashi
2013 No.170
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