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HELSINKI UNIVERSITY OF TECHNOLOGY

AUTOMATION AND
CONTROL INSTITUTE \ Control Engineering Laboratory

TAMPERE UNIVERSITY OF TECHNOLOGY

Graduate Seminar in Microsystem Technology

Quan Zhou

Course information

< 7606082, Graduate Seminar in < Requirements
Microsystem Technology, 3 cu = Oral presentations (2)
< Goals = Written reports

= Understand what is nanotechnology
— Difference from nanoscience

= Understand the state of art of

= 80% participation
< Meetings (8):

nanotechnology = 27.09
— Different aspects of the = 04.10, 11.10, 08.11, 15.11,
nanotechnology 22.11.29.11

= Get familiar with references

. = 13.12
% Course material « Contact information
= Scientific American, September 2001 )
issue (starting point) = Quan Zhou
= Internet resources = SD 106
= Other text = Email: guan.zhou@tut fi

— Drexler: Nanosystems, etc Phone: 2645

ég‘{‘?gézlﬁ\‘gﬁ.ll\-‘BTE é HELSINKI UNIVERSITY OF TECHNOLOGY
it usivortmoosr W Control Engineering Laboratory
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What is nano and nanotechnology?

Macro, Micro, Nano

How small is a nanometer? Stepping down in size by powers
of 10 takes e back of a hand to, s
view of atoms in the bullding blocks of DNA. The edge of each image
denotes a length 10 times langer than its next smallest neighbor.
The black square frames the size of the next scene inward.

Hanp

< What is nano?
= 1 billionth

< Nanotechnology
= Science fiction?
= Science?
= Technology?

1 i 1 millimeter

100 microns

1 micron

Fromthe classic boak Powers of fen,
by Philip and Phylis Morrisan and the
office of Charles and Ray Eames.

100 nanometers.

10 nanometers

D ﬁ HELSINKI UNIVERSITY OF TECHNOLOGY

Wﬂmt{vlﬁ;v X control Engineering Laboratory

predicted the rise of nano-

technology in alandmark 1959 talk at Caltech
“The principles of physics,” he said, “do not
speak against the possibility of maneuvering
things atom by atom.” But he alsa anticipated
that unique laws would prevail, they are finally
being discovered today

People you should know

K. Eric Drexler canceived the

concept of molecular machine systoms

K. Eric Drexler, author of Nanosystems, Molecular
Machinery, Manufacturing, and Computation, 1992

égL?thAg-an,;ﬁ;\_‘BTE g HELSINKI UNIVERSITY OF TECHNOLOGY
et s or tbnoeer W Control Engineering Laboratory
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A technology of making things small”
Nanofabrication: Comparing the Methods

Frinting, molding and other Such rechniques that Hare |
ing an might be used in or

paterns with nanascale featuras. biochemical research Photolithography i Soft Lithography

MAKING AN ELASTIC STAMP lithograph
nichips. cthor
wraysor extreme trasicet ght Isbaraiary.
Scanning Probe Methods Battom-Up Methads

i with

and wires that are only ane atom wide. dimenssons between twe and 10 nanometers.

Inot el suited for

DIP. o

AFM CANTILEVER

0ROP OF WATER
)
GOLD SURFACE ——.

MICROMOLDIN

of an atamic farce micro.
‘scope [4FM] is caated with
athin film af thiel molecules.
Aminute drop of water

condenses between the

microscape’s tip and a gold surface.
@ treponjmer s o me
r—

s .
The thisks migrate fram the tip 1o the surface. SELF ASSEMALED
The thiaks migrate fram the tip to the surface, et
where they form a self-assembled monolayer ECHNOLOGY

Laboratory
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A science of understanding the tiny~

Quantization electrical conductance and thermo conductance are discoveries
of 1987 and 1990s!

NE STEP AT ATIME

THE QUANTIZATION OF ELECTRICAL CONDUCTANCE

In 1987 Bart J. van Wees and his collabo-
rators at the Delft University of Technolo-
gy and Philips Research Laboratories
[buth in the Netherlands] built a novel
structure {micrograph) that revealed a
basic law governing nanotech circuits.
Gold gate electrodes [bright areas ) were
placed atop a semiconductor substrate
[dark background]. Within the substrate,
a planar sheet of charge carriers, called a
two-dimensianal electron gas, was creat
ed about 100 nanameters below the sur-
face. The gates and the gas acted like the
plates of a capacitor.

When a negative voltage bias was
applied to the gates, electrans within the
gas underneath the gates, and slightly
beyand the gates’ peripheny, were
pushed away, The diagram shaws this
state.] When increasing negative voltage
was applied, this “depletion edge” be
came more pranaunced. At a certain threshold, carriers an either side of the constric
tion [between paints A and B) became separated, and the conductance through the
device was zero. From this threshold level, conductance did not resume smoothly. In-
stead it increased in stepwise fashion, where the steps occurred at values deter-
mined by twice the charge of the electron squared, divided by Planck's constant. This
ratio is nowi called the electrical conductance quantum, and it indicates that electric
current flows in nanocircuits at rates that are quantized

DEPLETION

allowed Caltech phys 5t observe the quantization of thermal

2l limit 10 heat fiow in minute abjects. Four holes [black) etched into a silican

membrane defined an reen square | suspended by four narraw

bricges. One gold transducer 4 this reservoir, the second measured its

perature. Thin supercandur ] on tap of the bridges electr

ly connected the
ooled only throughy
gy heat waves.

o heat. The reservair thi

they passed enly the lowest-en

MICRO SYSTEM TECHNOLOGY GROUP MICRO SYSTEM TECHNOLOGY GROUP
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A Fulton and GeraidJ alan o buid
ROTOXANE saingie gropt], e
o suucture hrough
MOLECULAR TRANSISTORS N st achisved. Atits heart was a coulomistand, a metalicsiscrod sotated rom
could be the building ) The counter
cecrodeslndup varon usie

blocks of electronics on the
nanometer scale. Each of
the two molecules shown

Something called nanoelectronics?

NANOTRANSISTORS

TAKING CHARGE

SINGLE ELECTRONICS

axperiments. A iditional gate siectrode [vistle inthe disgram but ot the
microgragh] wasoffset fram the coulomb island by  small gap: I allowed direct
controiof the charge intraduced to the lsand Electric current fawed through the
device fram on counter-aloctrog to ancther, a5 n 3 conventionsl circut,but nere

here conducts electricity was mited by the oo istand
Fulian and " both <ot
like a tiny wire once a single-elsctron charging and the potenial of these devices as ultrai

ele
Circuits that switch one electron at a time could sameday form the basis for an
‘entirely new class of nanoslectronics. The agvent of such single electronics,

hawever,
‘electronic circuits arm shrunk tn the nanascale

chemical reaction—
oxidation reduction—alters
its atomic configuration
and switches it on. Inthe
diagram, each stick
represents a chemical
bond; each intersection of
two sticks represents a

SWITCH OFF

ges problems that

SWITCH ON

carbon atom; and each ball
represents an atom other
than carbon,
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Some nano mechanism that works?

NHO3L WILSAS OHOIN

warld such a5 these naneelectromechanica re:

to discover the laws of physics that reguiate the unique properties of matter at the mespscale

ridges | left and rig
applled

ravide very sensitive readauts of nanoscale mation

ignal farc

égL?thAOA-Ln%,;ﬁ;\-‘BTE g HELSINKI UNIVERSITY OF TECHNOLOGY
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DNA Computing

WHY LIMIT DOURSELVES TO ELECTRONICS? Most efforts
toshrink computers assume that these machines

will continue to operate much as they do today, using © Single DNA strands are attached to a sificon chip.
electrans to carry information and transistors to They encode all possible values of the variables in an
process it. Yet a nanoscale computer could operate by equation that the researchers wanttosolve. ===

completely different means. One of the most exciting

- SINGLE-
5 STRANDED
A oom

CHIP

possibilities is to explait the carrier of genetic COMPLEMENTARY~_ ¢
information in living organisms, DNA. STRAND ] b
The molecule of life can store vast quantities of ww\un.\g' E§
data inits sequence of four bases (adenine, thymine, SoLimion SOLUTION

guanine and cytosine], and natural enzymes can
manipulate this information in a highly parallel manner.
The power of this approach was first brought to light by
computer scientist Leonard M. Adleman in 1984, He
showed that a DNA-based computer could salve a type
of prablem that is particularly difficult for ordinary

© Copies of a camplementary strand—which

encodes the first clause of the equation—are poured
ontothe chip. These copies attach themselves to

any strand that represents a valid solution of the clause

blem, which is Any invalid solutions remain a single strand

related to the infamous traveling-salesman problem
[see “Computing with ONA," by Leonard M. Adleman;
SCIENTIFIC AMERICAN, August 1998].

Adi dby 23 I solution of
DNA. The individual DNA molecules encoded every

By going through

a series of separation and amplification steps,
Adleman weeded out the wrong paths—those, for
example, that contained points they were not suppased
‘1o cantain—until he had isolated the right ane. Mare
recently, Lioyd M. Smith's group at the University of
Wisconsin-Madison implemented a similar algorithm

2

using gene chip y -
practical compuiting {diagrora). © Other away the added
Despite the advantages of DNA computing for strands. These steps are repeated with all the clauses
problems, 8 of the equation.
remain g the high incid f caused
by base-p dthe hug of 'Q
5 i st | - 10010101101010101
with other tupes of nanoelectranics, taking advantage
of the integ d p by © The ONA strand that survives this whole process
nanowires and nanotubes. —CML represents the solution to the whole equatian

SITY OF TECHNOLOGY
eering Laboratory

A GRAND PLAN FOR MEDICINE

he National Nanotechnol-

opy Initiative includes
among its goals, or “grand
challenges,” a host of
futuristic improvements in
the detection, diagnosis
and treatment of disease
Some are depicted here. The j
goals, many of which are far }
from being realized, also
feature new aids for vision
and hearing, rapid tests
for detecting disease
susceptibility and responses
to drugs, and tiny devices
able to find problems—such
as incipient tumors,
infections or heart problems—
and to relay the information
to an external receiver or fix
them on the spot.

- /
P
-

@ GOAL: Improved Imaging
Improved or new contrast agents
would detect problems at earlier, i
more treatable stages. They might, 3
for instance, reveal tumors (red)
only a few cells in size.

/

P GOAL: New Ways to Treat Disease

1d dell
specifically targeted sites, including places that
standard drugs do not reach easily. For example,
gold nanoshells [spheres) that were targeted ta
tumors might, when hit by infrared light, heat up
enough to destroy the growths.

© GOAL: Superior Implants

Nanometer-scale modifications of implant surfaces
would improve implant durability and biocompat-
ibility. For instance, an artificial hip coated with
nanoparticles might bond to the surrounding bone
more tightly than usual, thus avoiding loosening,

loLoGy
ratory
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BID-NANOTECH IN ACTION

] P
T|n6 power of biomedical tests, such as those used to
screen small samples of material for the presence
of particular genetic sequences. For clarity, the images
have not been drawn to scale.

7

MANOPARTICLES
DIRECTION OF
MAGMETIZATION

NSRRI

MAGNETIC TAGS
Many tests reveal the presence of a molecule or disease-
causing organism by detecting the binding of an antibody to

PROBE DHA

GOLD PARTICLES

form the basis of an easy-to-read test or the presence
of a genetic sequence [biock] in a sample under study, DN

that target. When nano
particles bind ta their target on a surface (foreground), briel
exposure 10 a magnatic field causes these probes collectively

1o half of such & sequence [red] is attached

tagive off a strong magnetic signal anti-
bodies tumble about in ail direct

toone set salution, and DN
other hall [biue) is attached to & second set of panicles

- ple, it wil bind
10the on bath sets of spheres, trapping the balls

This last property makes it possibleto read
Hirst washing away any probes ihat fal o find their target.

CLEVER CANTILEVERS

Biological samples can be screened for the presence of
particular genetic sequences using small beams (eantievers)
of the type emploged in atomic force microscapes. The surface
ol eact ¢

change calor | from red to biue)

NANO BAR CODES

Latex beads filed with several colors of nanoscale semiconductors

kngwn as q serve as unique labels for
y g, the beads

panticular target sequence. A
beams. Bindinginduces a surface stress, which bends the
atfected nat much,

[and. thas, their P ZLSINKI UNIVERSITY OF TECHNOLOGY

that the bent be

e e [ o e of o moLoaY

—a kind of spectral bar code.

Even tiny tiny motors?

STANDARD.ISSUE electric mator bears a superficial—albeit striking—resemblance to the

biochemical rotary motor (fop right] that turns the flagella in a bacterium

ég{l?l'gg?ﬁ\g'ﬁ'll\"BTE g HELSINKI UNIVERSITY OF TECHNOLOGY
et s or tbnoeer W Control Engineering Laboratory
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Funding?

FUNDING FOR NANOTECHNOLOGY

1,000
B Vol
w = 800 V4
% o V4
8% V.
= g E00— UMEN PENDIN V /4
'E 3 ERNMEN __/:,f/ NNI Begins
- . B —
S o 400 w‘,,,_:ﬁ;-f-*: =
e 8 G *Proposed
E Spending
= 200~ U.S. GOVERNMENT SP
T T T T T )
1997 1998 1999 2000 2001 2002*

Government Fiscal Year

SOURCES: LS. Senate briefing on nanotechnology, Moy 24, 2001,

and National Science Foundation

égL?gOAII%';ﬁ:\"BTE ﬁ HELSINKI UNIVERSITY OF TECHNOLOGY
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Information of Nanotechnology?

« Internet resources

= Richard Feynman’s original lecture “There’s Plenty of Room at the
Bottom”; http://www.its.caltech.edu/~feynman

= Scientific American, http://www.sciam.com/nanotech/

= The First IEEE Conference on Nanotechnology, 28-30.10.2001,
http://www.mein.nagoya-u.ac.jp/IEEE-NANO/, program

= Nanotechnology Search Engine,
http://www.nanotechnology.com/nano/default.shtml
< Paper resources
= Scientific American, September 2001 issue
= Other books

MICRO SYSTEM TECHNOLOGY GROUP MICRO SYSTEM TECHNOLOGY GROUP
dNOYO ADOTONHIIL WILSAS OHOIN  dNOYUD ADOTONHOIL WILSAS OHIIN
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The goal of our study?

< Is nonotechnology
= Distant basic research?
= Physics, chemist, material
people’s job?
= Biomedical people may
interested?

= Or something might affect
what | am doing

are made by Nanophase Technologies

éch-)r’\RAOA.LrI%';ﬁ'l’\—‘BTE g HELSINKI UNIVERSITY OF TECHNOLOGY
it st er mooer W Control Engineering Laboratory
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What we do in this course?

< Check the state of art of nanotechnology

= Nanofabrication

= Nanophysics (meso scale physics)

= Nanoelectronics

= Nanomedice

= ..
< Try to figure out how nanotechnology might benefit us

= The impact to our own work filed

= The impact to other technologies/engineering field

= The impact to society/economy

= ..
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< Overall picture of nanotechnology,
presented people from different
areas of science
< What people in the world are
doing with nanotechnology
= Their ideas
= Their work
= Their fears
= Their expectations
< State of the art & milestones
already achieved
< What have been achieved in the
practical field, and what was the
methods that was used
< Industries or companies using
nanotechnology

Want to know

« Market outlook

< Application in home appliances,
automobile industry

< Impact of nanotechnology on
economy & society

< Impact of nanotechnology to
microtechnology

< Future expected developments &
paths derived from
nanotechnology

« Nanomachine
« Nanofabrication
< nanoelectronics
« Nanomedicine
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Presentation Topics

< How to pick topics
> Select one or several titles, or propose your own titles
> You can give several presentations for different issues in a same topic
< Overview of nanotechnology
< Nanofabrication

< Relation to other technologies —
potential impacts (none-exhaustive

< Nanophysics (meso scale physics) list)

< Selected branches = My work field
= Nanoelectronics = Microsystem technology
= Nanomedicine = Automation engineering
= Nanomaterial = Robotics
= Bio-nanotech < Biomedical technology
= Nanorobofics = Environmental technology
= Nanomanipulation < Material science

+ Economical prospective .

X3

< Impact to our society and life
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Seminar Calendar

2o

% 27.09 Introduction » 15.11, 13:15

% 04.10 14:15 = Kati: The use of scanning probe
==t microscopy in nanoresearch

= Ricardo: Overview of nanotechnology = Katja: Nanomedicine, overview

activities .
) = Monaem: Nanoelectronics —
= Oana: nanodevice architecture etc
< 11.10, 14:15 % 22.11,13:15
= Bo: State of art of archievments = Suyi: nanostructural silicon and light
= Monaem: Nanoelectronics - overview emission, | &1l
+ 08.11,13:15 = Bo: Future prospective
< 29.11,13:15

= Carlos: Industries or companies using
nanotechnology

= Oana: Modeling of nanodevices
= Pedro: Market outlook and future
prospects

= Katja: Nanomedicine Il

= Ricardo: Nanorobotics

= Carlos: Top-down nanomachines
» 13.12, 14:15

= Kati: Nanofabrication

= Pedro: Nanomanipulation

$ AUTOMATION AND é HELSINKI UNIVERSITY OF TECHNOLOGY

7 :
SONTRQEINSTINE, X' control Engineering Laboratory
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Meetings and Presentations

< Prepare your presentation using Microsoft Powerpoint
< Write a short report 5-10 pages for each presentation

< Email the powerpoint file and report before Wednesday
evening 18:00 to Quan.Zhou@tut.fi
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