HITACHI HIGH TECHNOLOGIES AMERICA, INC. (HTA)
STEM EDUCATIONAL OUTREACH PROGRAM
HTA Learning Lab with Model TM3000 TableTop Scanning Electron Microscope

The HTA STEM Educational Outreach Program offers an
opportunity for students to experiment with the world of Nano
Science in their classroom.

ANALYZE

Model TM3000 Table Top Scanning Electron Microscope is used for
imaging and analysis of materials and biological specimens. HTA will
bring the TM3000 to your educational institute (K-post grad) for
demonstration or extended use.

PORTABLE

The portable design of the TM3000 affords quick and easy installation at
your facility. Special environment or electrical conditions are not
necessary. Only standard 110V outlet is required.

SUPPORT

HTA-certified and trained personnel assist educators with setup,
training, and sample analysis.

SCHEDULE

Recommended Learning Lab is for 1-2 weeks; including a half-hour
setup and 1 to 2 hour training session on day 1. Upon completion of the
Learning Lab or when the educator is ready, HTA will de-install and
remove (~1hr) the TM3000.

RESPONSIBILITY

Educators will be responsible for the instrument while it is located at
their facility.

Contact HTA if you wish to request a TM3000
Learning Lab.
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@ July 2010 The origin of the relationship between Hitachi and CTEq
During a meeting between Presidential aide John Holdren and Hitachi Ltd.
Chairman Kawamura, STEM education in the U.S. and Japan was discussed, and
both acknowledged the importance of STEM education.

@ April 2011 Hitachi becomes a member of CTEq
One of two Japanese companies to become a member (Sony Pictures)
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STEM Outreach Activities HITACH

Hitachi is prominent in STEM Education Outreach Programs through out the U.S. Market.
Teacher and educator sharing of learning modules and teaching tools now exist across North and South America.
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Duke University Educational Outreach  HAch!
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e LCD projector
used to train
entire class

e All students
signed up for
two 1/2hr SEM
sessions

e Acquired 50x,
500x and 5000x
of samples they
chose

“3
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HITACHI
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National Nanotechnology
Infrastructure Network (NNIN)

- '_ﬁﬁ;agrated partnership of 14 universities
Serve the resource needs of Nanoscale Science and Engineering (NSE) researchers

— state-of-the-art facilities
Integrated education and outreach program (k-gray)
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Funded by NSF Award
NNIN Education and Outreach ECS 0335765
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National Science Teachers Association — Indianapolis HITACHI
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Materials Camp - University of Tennessee Knoxville HITACHI
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Materials Camp - June 18-22,2012

¥-12 National Security Complex, Oak Ridge Mational Laboratory
University of Tennessee Knoxville

2000, H.:z\'r:r.-re optical micro-
nd Mager Scientifi

materials for
failure analysis.

Mentors from UT's MSE
Department and NSF STAIR
program provided additiona
learming experiences

Teams competed in
the Steel Bowl and

Thie Oaic Hidge Chapler of ASM Lt area tisaal
Urivereity of Terneecee Materials Student Advantage Chapter
We12 Mavionsl Security Complex, Osk Ridse Mational Laberstory, SpaceX, Hitaehi, Eeyence, Mager Seientific and
The University of Temessee Cepartment of Moterigs Sclence and Ergineering ond BSF STAIR program
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Why Nano Education? able-da

e The NSF estimates that by the year 2015
there will be a need for 2 million workers
worldwide in the fields of nanoscience
and nanotechnology.

— An additional 5 million workers will be
needed in support areas for these
fields

¢ 0.8-0.9 million — US
* 0.5-0.6 million — Japan
e 0.3-0.4 million - EU

e By 2015, nanotechnology is expected to
be a $2.0 trillion “industry”

NNIN
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What 1s Nanoscale Science? HITACHI

Relative Sizes and Detection Devices
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Why do we need Scanning Electron Microscopes? e

Inspire the Next

Industries That Use SEMs
e Medicine e Aerospace Research
e Food Industry e Automotive Research
e Materials Research e Cosmetics
e Biology e Industrial
e Geology e Forensics

e Semiconductor Research = Entomology
e Archaeology e QOceanography

© Hitachi High Technologies America, Inc. 2013 All rights reserved.




Optical versus Electron Microscopy Lt

Feature

Optical

Desktop SEM Full-Size SEM

Footprint

Ease of Use

Depth of Focus

Magnification

Resolution

Chemistry

Maintenance

Cost
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Hitachi HTA STEM Outreach s Cn

Desktop models available for loan to
schools, universities, community colleges,
tech institutes, science camps, etc.

HTA trains teachers on how to handle the
machine, input samples and adjust
magnification, output results.

Hitachi TM-3000
A Portable Scanning
Electron Microscope
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HTA STEM Outreach Flyer e T

HITACHI HIGH TECHNOLOGIES AMERICA, INC. (HTA)
STEM EDUCATIONAL OUTREACH PROGRAM
HTA Learning Lab with Modal TM3000 TableTop Scanning Electron Microscope
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STEM Microscopy Handout i e e




Hitachi HTA STEM Outreach s Cn
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Hitachi HTA STEM Outreach ballis )

Mobility is Important:

» Take Technology to the students

« Support for remote educators in STEM fields
e Encourages “Hands On” learning
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TM3000 Loading Process LELAL2 o)
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TM3000 Is Transportable Ll al)
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NanoTruck for Brazilian Education Outreach LIS ]
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TM3000 Training Inside NanoTruck HITACH
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Inside Senal Brazil Nano Truck HITACHI
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[ Steps of Science Inquiry Ll 2l

1) Choose a topic

general subject of inquiry

2) Develop a question

“If I make a change in X, what will happen to Y?”

3) Plan an investigation

think carefully about the sort of equipment and materials
needed to investigate the research question

4) Predict an outcome

this is not a hypotheses

5) Experiment and observe

WRITE THINGS DOWN in lab notebook

6) Interpret results

tabulating, averaging, graphing

7) Communicate findings

poster, oral presentation
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Student SEM Powerpoint et 2o

Eye of George Washington

ANDY WAGNER
@ ® Observations
WESHINGTD?:H:;;:HI:NI iy : -
S THE i e s # + The bill is actually made from irregular fibers,
— which are probably organic in nature.
) The lines of ink used to draw the eagle’s head
" BLACK WHITE on the back are between 100 and 150 um wide.
E 50x < The ink seems to bé made of small crystals only
about 1 pm wide. The crystals stick to form stiff
structures which can crack, in much the same
way paint cracks.
Conclusions
s 500x >

Because the panning was done mechanically
and not by computer, the sample moved the

same distance no matter what the magpnification.
This made it extremely sensitive at 5000x but
very slow to search for things.-at 25x.

* The scale bar made it much easier to determine
distances. In an optical microscope, it is usually
hard to make accurate measurements.

+«—— 5000x —»
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Student SEM Powerpoint el sl

Th-T0on {232 200707 143 L

50x magnification

toon {22l 2007071

500x magnification

T '.ll -

TRI-1700_ 725 200N

5000x magnification

My sample was a circuit. There were several interesting objects within the circuit.
One interesting detail was the group of lines that at first appear as a solid block. As
seen in the 50x image, the solid block of lines is about 300 microns thick. However,
when you magnify it further, you can see that the block of lines is not solid. There are
6 micron wide lines with 1 micron spacing in between them. | learned a lot by operating
the SEM. It was a great experience and | hope to use it again.
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Student SEM Powerpoint el sl

3Peach

50xa

Th-1000 0433 200nCT14 n:=7 L 2

3500x

5000xa

The- 1000 0433 B 20 um

| put a small sliver of peach skin under the microscope to see what the “fuzz” was and to look at the skin’s
features.
Taking a closer look at a peach skin, we can see that the “fuzz” is really tiny hair-like strands that are about 40
pum tall and roughly 5-10 um in diameter.
| learned that there is more on a surface then what we first think and only by using advanced technology can
we even begin to explore this world.
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TM3000 Imaging L 2oal)

TM3000_ 2011/0412  11:15 HL x250 300 um
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TM3000 Imaging L2l

Band-Aid
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TM3000 Imaging L2l

Razor
Edge

TM3000_ 200041103 11:03 H X2.5K 30 um
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TM3000 Imaging Ll 2ial)
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TM3000 Imaging Ll 2ial)

Butterfly Wing

TM3000_

TM3000_ 2010/09/28 1437 N #2050k 30um
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TM3000 Imaging L 2oal)

Stoma (Stomata)

These tiny structures allow plantsto take
In and release gases which achieves
photosynthesis.

TM3000_ 2010/11/03 0955 H x*400 200 um

TH3000 2010M11/03 1453 H %1.5k 50 um
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TM3000 Imaging L 2oal)

Flower Stamen
and Pollen
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TM3000 Imaging L2l

Gecko Skin

\
| S
TM3000_ 2011/02/08 15:32 HL x40 2 mm
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TM3000 Imaging

HITACHI
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Areyou dlergic to cats?
Thisisthe dander that
makes you sneeze!

Cat Hair and Dander

VS
'y B R oy . "—
R
: .
? o )
TM3000 _ 2011/02/01 12:15 HL x1.5k 50 um
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TM3000 Imaging HIACL
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Inside of a
Smart Phone

R

20101211 10:06 HL x30 2 mm
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TM3000 Imaging L2l

2011/0413 1309 HL

IW3000_0012 2070/3810  10:40 ML
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TM3000 Imaging Lelbie2iel)

TM3000_ 2010/12/01  15:18 HL %200 500 um

© Hitachi High Technologies America, Inc. 2013 All rights reserved.




EDS Elemental Analysis

QUANTAX 70

HITACHI
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EDS Elemental Analysis

HITACHI
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STEM Education Website HITACH!

é S0 wwwinspiresterneducation.us

- ©
INS pl re I S STEM Qutreach Learning Labs Teaching Tools News & Events

ZOOM INTO

SGIENGE

Explore a new gateway into the minds of students.

By showing them the power of science, you'll

expand the houndaries of their potential and
possibilities of their future.

LEARNING LABS

Inspire and amagze grade-schoolers to graduate
students with the TM3o000 tabletop electron

' microscope and maximize the learning
experience with these instructional modules.

OUR STEM TOOLS FOR UPCOMING

INITIATIVE TEACHING A

© Hitachi High Technologies America, Inc. 2013 All rights reserved.




inspire|

Login | Request Access

STEM

EDUCATION News & Events

STEM Outreach Learning Labs

Educators are able to request 3 actions when visiting the site:

Request Access: This gives the user additional information including lesson
plans, images, abstracts and teaching tools.

Request a Learning Lab: This will send a request to HTA where we will further
coordinate with the educator to bring an instrument to the school for hands-on
learning.

LEA 8
g;g: » Request a Speaker: This will send a request to HTA where we will coordinate an | &
microl on-site visit to speak to the students and educators about STEM Education. S

OUR STEM

INITIATIVE

Inspire|&im

TOOLS FOR

TEACHING

UPCOMING

EVENTS

www.inspireSTEMeducation.us I 41



http://www.inspireSTEMeducation.us

Our mission is to inspire the next generation of innovative =
pioneers through the advancement of Science, Technology, 7
Engineering, and Mathematics. Together we work with
Change The Equation and The National Nanotechnology

Infrastructure Network to promote STEM education
Inspire and amaze grade-schoolers to graduate
students with the TM3o000 tabletop electron
microscope and maximize the learning

experience with these instructional modules.

Explore the Lab

OUR STEM TOOLS FOR UPCOMING

INITIATIVE TEACHING EVENTS

. -
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MAXIMIZE LESSONS IN

Problem solving oceurs in our world, every day.
Give students a hands-on way to understand the
results of math and measurement and the real life
solutions they inspire.

LEARNING LABS

Inspire and amaze grade-schoolers to graduate
students with the TM3o000 tabletop electron
microscope and maximize the learning
experience with these instructional modules.

Explore the Lab

OUR STEM

INITIATIVE

Inspire|&im

MATHEMATIGS

Materials and resources are created and made available to
educators across the country to help them teach STEM Education
in the classrooms. Lesson plans and curriculums are being
continually updated as TM3000 is installed in classrooms to
stimulate learning. Once educators request access to the site, they
are able to download the lesson plans freely to implement into

their course material. s

TOOLS FOR

TEACHING

UPCOMING

EVENTS

www.inspireSTEMeducation.us I 43
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MAGNIFY THE IMPORTANCE OF

TECHNOLOGY:

How do things work? How could thingsWork
better? Challenging students to familiarize
themselves with innovation fosters theifSense of
curiosity, and in turn, discovery.

* - :
_—

LEARNING LABS
Inspire and amaze grade-schoolers to graduate People interested in seeing the TM3000 in action can

SHiaents vl te M Sood Ieiemp Sleotron view upcoming events where TM3000 will be displayed.
microscope and maximize the learning
experience with these instructional modules.

Explore the Lab

OUR STEM TOOLS FOR UPCOMING

INITIATIVE TEACHING EVENTS

e www.inspireSTEMeducation.us I 44
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