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Since 1982, we've provided laboratory and production equipment to organizations spanning material science
and engineering, mechanical and chemical engineering, extraction and processing, biotechnology, heavy
industry, education, government, and healthcare.

TUBE FURNAGE
FOR SILICON
WAFER PREPARATION

Background: Semiconductor Export Controls

In October 2022, the US Department of Commerce announced sweeping
restrictions to limit China’s access to the microchips that facilitate Al and
supercomputing. Under these new export controls, American firms will need a
license to sell certain chips and other components to the Chinese market.
Moreover, foreign firms will need a similar license to use American equipment or
software in the production of China-bound chips.

The restrictions are intended to impede China’s development of advanced military
and surveillance technologies amid ongoing trade and geopolitical tensions
between the two countries. Although China is rapidly expanding the scale and
sophistication of domestic chip production, it remains dependent on foreign
suppliers. For instance, today’s most advanced semiconductors and their requisite
machines come from Taiwan and the Netherlands, respectively.



Effects on US chip manufacturers are difficult to predict, especially in light of
potential retaliatory measures. However, we expect large US firms to seek
stateside alternatives as their Chinese buyers and suppliers become

less accessible.

Likewise, we anticipate that US semiconductor labs will expedite research,
fueled by further capital investment. Cost-effective, high-performance lab
equipment will be key to responding quickly to changing trade regulations and
a more volatile global semiconductor market.

TUBE FURNAGES & SILICON
WAFER PREPARATION

Unless or until hydrolysis becomes more scalable, the best alternative is to focus
on “blue hydrogen” via improved carbon capture and storage (CCS).

Silicon wafer production is, of course, a basic
necessity for microchip R&D. In laboratory
settings, one common technique is dry
oxidation. It typically demands a quartz tube
furnace for precise temperature and
atmospheric control under very high heat.

Wafer production begins with a uniquely
defect-free silicon ingot known as a boule. In
research settings, it's often 100 mm in diameter,
although 300 mm is the standard for
commercial production.

The boule gets sliced into discs approximately
1 mm thick, each of which is extensively
machined and polished to yield an
immaculately finished wafer.

The wafer now resembles its final form, but it's not a semiconductor yet. That
requires the tightly controlled introduction of some impurities. In this case,
high-temperature oxidation creates silicon dioxide—and that’s where tube
furnaces are indispensable.



Wafer oxidation is a delicate process that requires painstakingly slow heating to
a final temperature of 800°-1200° C. The upper end of that range is perhaps
most often used, but the lower end yields thinner and more stable oxides.

In addition, the technician needs to prevent premature oxidation by flushing the
chamber with N2 before and while the wafers are brought up to temperature.
Oxygen is introduced only once the furnace is sealed and the wafers have
reached the target temperature.

TUBE FURNACE DESIGN CONSIDERATIONS

Whatever the target temperature, it's critical to ramp up by as little as a few
degrees per minute. More aggressive heating is liable to create a temperature
differential that warps or cracks the wafer, rendering it useless.

Our tube furnaces mitigate this risk thanks to two key features:
multiple hot zones and automatic sliding.

With three zones of 200 mm in length, users can maximize throughput by
setting a single temperature across 600 mm, or maximize ramp rate precision
by setting a temperature gradient.




In either case, the hot zones are managed by a programmable controller with up to
45 custom steps (optionally pre-programmed by an SH engineer, upon request).
This allows for countless and perfectly repeatable combinations of heating rates
and holding times.

Regardless of the hot zone configuration, it's essential to heat the wafers slowly.

Typically, the wafers rest on a carrier known as a boat. The boat, in turn, sits on an arm
that a technician can slide slowly into the furnace. That is the primary technique to
ensure gradual heating. Unfortunately, it's cumbersome for the technician

(who must continually attend to the wafers while wearing a heavy, heat-resistant glove)
and somewhat prone to variation.

Upon request, SH tube furnaces are available with an automatic sliding mechanism for
consistent, hands-off heat introduction. Combined with independent hot zone
programming, this gives effectively unlimited control over every stage of heating.

Each furnace also features proprietary end seals that unlock and open in just a

couple steps. They make for quick, easy loading and unloading, unlike others that require
disassembling the entire seal and flange. In fact, our end seals are a popular standalone
upgrade among labs that have grown frustrated with sample insertion/removall

with a non-SH furnace.

WHY USE AN SH SCIENTIFIC
TUBE FURNACE?

Our in-house engineering and production resources are dedicated to custom
manufacturing for laboratories.

Unlike larger furnace suppliers with prohibitive minimum order quantities
(MOQs) and sky-high marketing expenses, our entire business is oriented around
making custom requests surprisingly affordable.

In fact, our most extensively customized tube furnaces are often similar in price
to other manufacturers’ base models.



Common customizations for microchip labs

Most laboratories prefer a three-hot-zone configuration with
programmable digital controllers, for more granular heat control.

In addition, automatic sliding is a valuable and reliable
workflow improvement.

Most significantly, the typical ingot size of 100 mm (for R&D purposes)
calls for a tube diameter of 120 mm. But many facilities handle far larger
ingots, at which point tube furnaces often become cost-prohibitive.
Upon request, we can produce accessibly priced furnaces with custom
tube diameters to accommodate wafers well over 300 mm.

To the best of our knowledge, SH Scientific is the only manufacturer to
offer three-zone tube furnaces with full customization.



SH TUBE FURNAGES IN THE
REAL WORLD

If you're curious how affordably you can ramp up silicon wafer
preparation, then contact our USA sales office to request a custom quote.

We're proud to supply dozens of US academic, research, and defense
labs with reliable tube furnaces and other key equipment.

SH Scientific customers include:

e Harvard University, Laboratory for Nanoscale Optics, John A. Paulson
School Of Engineering & Applied Sciences

e Cornell University, Civil Environmental Engineering

e Stanford University, Electrical Engineering Department

* University of Californiq, Riverside, Chemical & Environmental Engineering

e University of California, San Diego, Nano Engineering

e Idaho State University, Dept. of Biomedical & Pharmaceutical Sciences/Chemistry

e US Department of Agriculture, Forest Service, Forest Products Laboratory

* US Department of Agriculture, Western Regional Research Center

¢ National Institute of Standards and Technology, Materials Measurement
Science Division

e Tinker Air Force Base, Industrial Engineering

e Upper Trinity Regional Water District

e Arapahoe County Water & Wastewater Authority

e Estuary Partnership, Habitat restoration & research

e University of Guelph, Department of Food Science

e Jacksonville University, Purchasing

* University of Cincinnati, Purchasing

¢ University of Texas at Austin, Electrical and Computer Engineering

¢ lllinois Institute of Technology, Civil Architectural & Environmental Engineering

¢ North Carolina Central University, Department of Mathematics and Physics

¢ Old Dominion University, College of Health Science



Pennsylvania State University, Material Research Center

Georgia Institute of Technology, Carbon Fiber Research Center
West Valley-Mission Community College, Purchasing

University of lllinois Chicago, Department of Kinesiology & Nutrition
University of Arizona, Coit College of Pharmacy

Stanford University, Ginzton Laboratory

New York University

Sandia National Laboratories, Advanced Materials Laboratory
White Water West, Canada

Colorado School of Mines, Nuclear Science & Engineering Center, Chemistry Department
Ball State University, Environment Geology & Natural Resources
University of Kentucky, Research & Education Center

Oregon State University, Forest Ecosystems & Society

Fralin Life Sciences Institute at Virginia Tech

University of Nebraska-Lincoln

University of Tennessee, Nuclear Engineering

Northwestern University, Chemistry

Edwards Air Force Base, Rocket & Propulsion Tech Center

Montana Technological University, Mechanical Engineering

Hydro-Quebec
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Serving North America
Since 2013

In 2018, after particularly rapid
growth in the American education
and public sectors, we founded a
US head office in Portland, Oregon.
Whether you're visiting us on behalf
of a major institution, a small lab,
or anything in between, we're
honored that you're considering
SH Scientific as a potential partner.
We look forward to a lasting
relationship in support of your
innovation and discovery.

jpang@labandfurnace.com

ABRIEF HISTORY OF

SHSCIENTIFIC

2006

ISO 9001, KS A2001
acquired.

2009

Patent registered for

vacuum drying ovens.

2012

Transferred HQ and factory
to Sejong city, Korea.

Utility model registered for
drying ovens.

Patent registered for
vacuum drying ovens.
Venture Enterprise certified.

2018

Established SH Scientific USA
(sales office) in Oregon, US

2022

UEI Registered for the U.S.
government projects.

1982

SH Scientific Co Ltd, Korea was
established.

2007

CE certified for all drying ovens,
vacuum drying ovens, limate
chambers incubators, clean
benches, circulating water baths.

2010

Design registered for drying ovens
and climate chambers.

2013

Patent registered for vacuum
drying ovens.

Started overseas sales
including North America.

2021
Started supplying laboratory and

industrial furnaces to colleges,
universities, county and federal
entities.



