What is Nanotechnology?
Nanotechnology is the ability to manipulate and
modify material properties at the molecular or
nanoscale. The ability to modify material properties
at the molecular level allows for the creation of
customized materials that can be used in a very wide
range of applications, from medicine to basic
materials, aerospace, electronics, energy, just
to mention a few.

Why Study Nanotechnology?
Nanotechnology is already here and being used by many manufacturers (for example,
Intel’s processor was based on 32 nm technology in 2011, now it is 6th generation
based on 14nm technology and device sizes continue to go down

Nanotechnology is an ever expanding field with improved
growth every year.
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Investment Spending on Nano –
Drivers
• Favorable risk-reward profile
• Initial products have entered the market
• Focus on product-oriented research
• Continued governmental support

Summary of EE 418/518 (Lectures)
•Introduction: Nanoworld and quantum physics
•Short review of classical motion of particles and electromagnetic ﬁelds and waves
•Wave-particle duality and its manifestation in radiation and particle’s behavior
•Layered nanostructures as the simplest systems to study electron behavior in one-dimensional potential
•Quantum states in atoms and molecules
•Quantization in nanostructures
•Short introduction to nanostructures fabrication
•Short introduction to devices with new functionalities based on nanostructures

STM

Summary of EE 418/518 (Lab)
During the semester the students will perform a total of nine experiments for this lab course.
The experiments are listed below:
• Experiment 1: Propagation of Errors
• Experiment 2: Quantum yard stick – measurement of Planck’s constant
• Experiment 3: Diffraction of light by a double slit - one photon at a time
• Experiment 4: Photoelectric effect: waves behaving as particles
• Experiment 5: Atomic spectra; hydrogen Balmer lines; sodium D-doublet
• Experiment 6: Photoluminescence from InP quantum dots
• Experiment 7: Introduction to atomic force microscopy (AFM)
• Experiment 8-9: Study of InAs quantum dots and Si nanowires using AFM
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Undergraduate Nanoelectronics
Laboratory: Highlights of the AFM/STM experiments

Atomic Force Microscope (AFM)
or scanning force microscope (SFM) is a very high-resolution type of
scanning probe microscope, with demonstrated resolution of fractions
of a nanometer, more than 1000 times better than the optical
diffraction limit.
The AFM was invented by Binnig, Quate, and Gerber in 1986, and is
one of the foremost tools for imaging, measuring, and manipulating
matter at the nanoscale.
Forces of the order of a few pico-Newtons can now be routinely
measured with a vertical distance resolution of better than 0.1
nanometer.

The Principles of the
Scanning Tunneling Microscopy

The
Scanning Tunneling Microscope (STM)
is a non-optical microscope that scans an
electrical probe over a surface to be imaged to
detect a weak electric current flowing between
the tip and the surface.
A precursor instrument, the topografiner, was
invented by Russell Young and his colleagues
at the National Bureau of Standards (now
National
Institute
of
Standards
and
Technology) between 1967 and 1971. The
actual STM was invented in 1982 by Gerd
Binnig and Heinrich Rohrer (they shared 1986
Nobel Prize in Physics).

The STM can obtain images of conductive
surfaces at an atomic scale 2 × 10−10 m or 0.2
nanometer

Gold and Graphite STM Sample Images
from student involved experiments

The STM is a non-optical microscopy
technique which employs principles of
quantum mechanics. A sharp probe (tip
close-up fig. B), whose end is as sharp as a
single atom, moves over the surface of the
material under study, and a voltage is
applied between the probe and the sample
surface. Depending on the voltage applied,
electrons will tunnel through the potential
barrier between the surface and probe,
resulting in a weak electric current. The
direction of the tunneling depends on the
polarity of the electric field. The magnitude of
this current is exponentially dependent on
the distance between probe and the surface.
For tunneling to occur, the substance being
scanned
must
be
conductive
(or
semiconductive). Insulators cannot be
scanned by STM, as the electron has no available energy state
to tunnel into or out of, due to the large bandgap in insulators.
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Title : The Beginning
Media : Xenon on Nickel (110)

Title: Atom
Title : Carbon Monoxide Man
Media: Iron on Copper Media : Carbon Monoxide on
(111)
Platinum (111)

Title : What Blood?
Media : Scan of a cluster of
red blood cells

AFM Experiments:

Gold as seen to the left has a face
centered cubic (FCC) lattice structure.
This structure really cannot be seen in the
scanned sample clearly so an atomic
structure is provided to the left as well.

Morpho Butterfly Wing and CD-R
The image on the left (figure A) represents the wing
structure of the Morpho butterfly. It is mainly this
structure that produces the amazingly bright blue color
you see on the butterfly’s wing.

The Principles of the
Atomic Force Microscopy (AFM)
Graphite is shown to the right. In this
picture you can see the upper layer of the
graphite structure and you can almost see
the actual atomic structure. In the bottom
left of the picture there is a closer view of
the sample with the atomic structure
indicated in red.

How the structure does that is better explained in figure B.
You can see from the cross-section of this structure the
Christmas-tree like figures. The structure is transparent in
visible light and it absorbs all the colors in white light except
blue, which it reflects back. Thus, it gives you the bright blue
color that you see.

The AFM consists of a micro-scale cantilever with a sharp tip (probe) at its end that is
used to scan the specimen surface. The cantilever is typically silicon or silicon nitride
with a tip radius of curvature on the order of nanometers
When the tip is brought into proximity of a sample surface, forces between the tip and
the sample lead to a deflection of the cantilever according to Hooke's law. Depending
on the situation, forces that are measured in AFM include mechanical contact force,
Van der Waals forces, capillary forces, chemical bonding, electrostatic forces,
magnetic forces, Casimir forces, solvatio forces etc.
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Typically, the deflection is measured using a laser beam reflected from the top of the
cantilever into an array of photodiodes. Other methods that are used include optical
interferometry, capacitive sensing or piezoresistive AFM cantilevers.

* More information on these subjects
can be found at: www.wikipedia.org

Title : Zipp it
Media : Scanned zip disk
media

The AFM is used to scan both conductive and non-conductive materials and provides
a three-dimensional mapping of the image surface.

Ridges
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Figure C represents a close-up of a burned CD-R with the
grooves and flat surfaces indicating the stored data. The
grooves indicate a zero because
as laser is shined into it, it reflects
away from the sensor which is
closely adjacent. But when the
laser hits a flat surface it reflects
back and indicates a one. With C
these two you get binary 0 and 1.

Engineering Professionals

DIFFERENTIATE YOURSELF

Prepare for the

Fundamentals of Engineering (FE) Exam

Take a Review Course (RC)*:
FE Exam review course
• Classes begin Tuesday September 11, 2018, UB North Campus, Fronczak 454.
• Classes meet Tuesday evenings, 7 P.M. to 10 P.M. for 12 review sessions
covering the following topics included on the civil, environmental and
mechanical engineering exams: ethics, mathematics, probability, statics,
mechanics, economics and fluid mechanics.
• Registration fee is $500.00 ($250.00 for UB students), which includes 12
lectures and lecturers’ notes.
• For questions about the schedule or course content, please contact Prof. James
Jensen, jjensen@buffalo.edu
• If general questions, please contact the FE course coordinator Richard J.
Fickelscherer, Ph.D., P.E., at (716) 680-2369 (cell) or email
richfick@verizon.net
• NOTE: ADVANCE REGISTRATION ONLY, APPLICATIONS MUST BE
RECEIVED BY SEPTEMBER 6, 2018. Please make check payable to: PE
Examination Course
• Mail check and application form to:
PE Examination Course
c/o: Mr. James R. Bates, P.E.
2216 Long Road
Grand Island, NY 14072
Organized and Coordinated by the Engineering Society of Buffalo and the Erie-Niagara Chapter New York
State Society of Professional Engineers, in conjunction with the
University at Buffalo School of Engineering and Applied Sciences.

FE REVIEW COURSE 2018 – Tentative Schedule
Date and Time: Tuesdays from 7-10pm, 9/11/18 to 12/4/18
Locations: Meet Fronczak 454
Supervising Instructor: J.N. Jensen, jjensen@buffalo.edu

Date

Civil

Mechanical

September 11

Course Intro and Ethics,
Jensen
Math I,
Jensen
Math II,
Jensen
Probability and statistics,
Jensen
Fluid mechanics I,
Jensen
Fluid mechanics II,
Jensen
Statics,
Stamm
Mechanics,
Human
Dynamics,
Stamm

Course Intro and Ethics,
Jensen
Math I,
Jensen
Math II,
Jensen
Probability and
statistics, Jensen
Fluid mechanics I,
Jensen
Fluid mechanics II,
Jensen
Statics,
Stamm
Mechanics,
Human
Dynamics,
Stamm

Hydraulics and hydrology,
Jankovic
Structural analysis and
design,
Basereh
Engineering economics,
Jensen

Thermodynamics I,
Khan
Thermodynamics II,
Khan

Course Intro and Ethics,
Jensen
Math I,
Jensen
Math II,
Jensen
Probability and statistics,
Jensen
Fluid mechanics I,
Jensen
Fluid mechanics II,
Jensen
Treatment processes,
Jensen
Air pollution and radiation,
Jensen
Landfill and containment
transport,
Jensen
Hydraulics and hydrology,
Jankovic
Risk + Other Topics,
Jensen

Engineering economics,
Jensen

Engineering economics,
Jensen

September 18
September 25
October 2
October 9
October 16
October 23
October 30
November 6

November 13
November 27

Dec 4

Environmental

APPLICATION

FUNDAMENTALS OF ENGINEERING
F.E. REVIEW COURSE LECTURES

Name:

____________________________________

Home Address:
City/State:

Street:

Date: __________________

______________________________________________________

____________________________________

Home Phone: ______________________

Zip:

__________________

Work Phone: ______________________________

Email Address:

____________________________________________________________

Business Address:

Employer: __________________________________________________

Street:

__________________________________________________________________

City/State:

____________________________________

College Attended:

______________________________

College Major

_____________________________

Signature:

Zip:

__________________

Year Graduated: __________

____________________________________________________________

FUNDAMENTALS OF ENGINEERING COURSE / 12 SESSIONS
Includes: lectures on ethics, mathematics, probability, mechanics, fluid mechanics, economics

(Check Appropriate Box)
$500
$250

General Tuition
Full Time Student

Please make check payable to: PE EXAMINATION COURSE
NOTE: ADVANCE REGISTRATION ONLY, APPLICATIONS MUST BE RECEIVED
BY SEPTEMBER 6, 2018
CLASSES BEGIN TUESDAY, SEPTEMBER 11, 2018
Mail Check & Application to:

PE Examination Course
c/o: Mr. James R. Bates, P.E.
2216 Long Road
Grand Island, NY 14072

