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Ol VAVOETTIOTNMES MEAETOLY QVTIKEIUEVA HE TAEN PEYEBOLC
VOVOUETOWV.

100 NanoMeter Football Earth

http://www.htwins.net/scale?2/
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http://www.ualberta.ca/~mingchen/thair.htm
http://www.theguardian.com/lifeandstyle/2011/jun/07/dr-luisa-dillners-guide-donating-blood   An electron micrograph of red blood cells. Photograph: Alamy
http://www.theguardian.com/news/2011/jan/06/weatherwatch-sound-raindrops   photograph: Peter Steffen/EPA
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http://ftp.cs.duke.edu/~thl/papers/OBC.2005.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2533672/
http://visualscience.ru/en/projects/influenza/3d-model/
http://visualscience.ru/en/projects/influenza/3d-model/
http://web.uct.ac.za/depts/mmi/stannard/fluvirus.html

The Scale of Things — Nanometers and More

DNA Bacterium Large Raindrop
2.5 nanometers 2.5 micrometers 2.5 millimeters
diameter long diameter

m—
x 100,000
)
x 100,000
Single-walled Strand of Hair House
Carbon Nanotube 100 micrometers 10 meters
1 nanometer diameter diameter wide

i
x 1,000,000

x 1,000,000
Nanoparticle Ant Indianapolis Motor
4 nanometers 4 millimeters Speedway
diameter long 4 kilometers per lap

htto://www.nano.gov/nanotech-101/what/nano-size
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. The Scale of Things - Nanometers and More
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“There's Plenty of Room at the Bottom”™
Richard Feynman (Caltech, 1959)

.. TITAOG TNG opIANiag Tou Richard Feynman og cuveSpIo TNG
American Physical Society oto Caltech oTig 29 AgkepPpiov Tov
1959. O Feynman efetace TNV TOAVOTNTA AUECOL XEIPIOHOL
MEUOVWHEVV ATOUWY TAV UIA TTIO IOXLEN MOPPN XEIRICHOL TNG
OVANG ATTO ALTES TTOL XPNOIMOTTOIOLOE N CLVOETIKA XNUEIA PEXOI
TOTE.

Y-—-not just “There is Room at the Bottom”. | now
want to show that there is plenty of room. | will
not now discuss how we are going to do it, but
only what is possible in principle---in other words,
what is possible according to the laws of physics.
| am not inventing anti-gravity, which is possible
someday only if the laws are not what we think. |
am telling you what could be done if the laws
are what we think, we are not doing it simply
because we haven't yet gotten around to it.”

http://www.zyvex.com/nanotech/feynman.html
http://media.wiley.com/product_data/excerpt/53/07803108/07803 108 53.pdf
http://www.feynmanlectures.caltech.edu/



MINIATURIZING THE COMPUTER

I don’t know how to do this on a small scale in a prac-
tical way, but I do know that computing machines are
very large; they fill rooms. Why can’t we make them very
small, make them of little wires, little elements—and by
little, I mean lirtle. For instance, the wires should be 10
or 100 atoms in diameter, and the circuits should be a few
thousand angstroms across. Everybody who has analyzed
the logical theory of computers has come to the conclu-
sion that the possibilities of computers are very interest-
ing—if they could be made to be more complicated by
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If we wanted to make a computer that had all these mar-
velous extra qualitative abilities, we would have to make
it, perhaps, the size of the Pentagon. This has several dis-
advantages. First, it requires too much material; there may
not be enough germanium in the world for all the transis-
tors which would have to be put into this enormous thing.
There is also the problem of heat generation and power
consumption: TVA would be needed to run the computer.

What | want to talk about is the problem of
manipulating and controlling things on a small
scale.

As soon as | mention this, people tell me about
miniaturization, and how far it has progressed
today. They tell me about electric motors that
are the size of the nail on your small finger. And
there is a device on the market, they tell me, by
which you can write the Lord's Prayer on the
head of a pin. But that's nothing; that's the most
primitive, halting step in the direction | intend to
discuss. It is a staggeringly small world that is
below. In the year 2000, when they look back
at this age, they will wonder why it was not until
the year 1960 that anybody began seriously to
move in this direction ...

It is remarkable that given enough time, the
synthetic chemist can usually synthesize what
they set out to make.



“There's Plenty of Room at the Bottom”

“In the year , when they look back at this age, they will wonder why it
was not until the year 1960 that anybody began seriously to move in this
direction.”
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HP TouchSmart
Multi-Touch Display
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2012

ceve

Utilizing the 3D printerincurs a base
cost of $2.50 along with a cost of $4.60
per cubic inch of material.

3D ToTTwoN:

[1] EvTOTTGOOIOKNA AETTTOUEQEIQT,
[2] KoAOTEPA TTPOOOETIKA,

[4] AryOTEQO LAIKO,

[5] MTTopei va Bpel oIKiakn
epappoyn N

[6] padikr) Tapaywyr),

[7] TapaueTpoTToinoN,

[8] LAIKG g eMBLUNTES IS1I0TNTEG
(Bapog, TTLKVOTNTA, OTITIKA
XOPAKTNEIOTIKA, KATT.)

Arfificial jaws: hiftp://www.bbc.co.uk/news/technoloay-16207104

Artificial bones: hitp://www.bbc.co.uk/news/technology-15963467
Artificial blood vessels: hito://www.bbc.co.uk/news/technology-14944808
hitp://www.bbc.co.uk/news/business-14282091
hitp://www.bbc.co.uk/news/technology-12921607

LAYERWISE


http://cnettv.cnet.com/3d-printer-build-week-final-print-time-lapse/9742-1_53-50120098.html
http://www.bbc.co.uk/news/technology-16907104
http://www.bbc.co.uk/news/technology-16907104
http://www.bbc.co.uk/news/technology-16907104
http://www.bbc.co.uk/news/technology-15963467
http://www.bbc.co.uk/news/technology-15963467
http://www.bbc.co.uk/news/technology-15963467
http://www.bbc.co.uk/news/technology-14946808
http://www.bbc.co.uk/news/technology-14946808
http://www.bbc.co.uk/news/technology-14946808
http://www.bbc.co.uk/news/business-14282091
http://www.bbc.co.uk/news/business-14282091
http://www.bbc.co.uk/news/business-14282091
http://www.bbc.co.uk/news/technology-12921607
http://www.bbc.co.uk/news/technology-12921607
http://www.bbc.co.uk/news/technology-12921607




... KQI OUAC ... 3D EKTLTTWOEIC
TOOMPIUWV...

http://www.jannekyttanen.com/
http://www.about3dprinters.com/3d-food-printer.html
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Vienna University of Technology
http://www.tuwien.ac.at/en/news/news_detail/article/7444/

FORTH, IESL (Farsari, Stratakis)



McAlpine Research Group
http://mww.princeton.edu/~mcm/resear
ch.html

M. S. Mannoor, Z. Jiang, T. James, Y. L. Kong,
K. A. Malatesta, W. O. Soboyejo, N. Verma, D. H.
Gracias, M. C. McAlpine. "3D Printed Bionic
Ears." Nano Lett. 13, 2634-2639 (2013).

http://pubs.acs.org/doi/abs/10.1021/nl4007744
Highlighted in Science, Nature, and Nature
Nanotechnology

2013

Bioprintinge
http://www.organovo.com/scien
ce-technology/bioprinting-
process
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1966

= 1999 Hewlett- Packard Company

O1 Dave Packard (apiotepa) kar  Bill Hewlett
(6e€1a)  eionyayav  TOV  TTPWTO  16-bit  mini-
computer otov KOoPO, Tov HP 2116A, 1O 1966.

From Computer Desktop Encyclopedia B
Reproduced with permission.
@ 1999 Hewlett-Packard Company
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Number of transistors on

NOuoc¢ Tou Moore

To 1965 o, ocuvvibpuvTNg TNC Intel, Gordon Moore Siatvmmwoe TOV "VOuO TOL Moore"
OLUPWVA PE TOV OTTOIO N XWENTIKOTNTA TWV ETTECEQYACTWV O¢ fransistors (CLVETTWCS Kal N
TaXLTNTA TOLG) SiMAacialeTal KABe 18 pnveg. MNaEOTI Ao TOTE ExOLV TTEPACTEl 37 OAOKANPA
XPOVIa O VOUOG €EAKOAOLOEI va PPICKETAI CE I0XD, €VW Ol TIEPICCOTEQO! ETIOTNUOVEG
EKTIUOVYV TTC ALTA N AAUATWONG TTopEia Ba siatnenBei pexpl To 2017.

Moore's Law

10,000,000,000
Number of transistors doubling every 18 months.
1,000,000,000.
» ankum 2
(9 MB cache)
..
= - Itanlum 2
f_, 100,000,000+ Number of transistors doubling every 24 months.
‘0
g
B 10,000,000
e
=]
2 Innovation Enabled Technology Pipeline
c Our Visibility Continues to Go Out ~10 Years
FI! 1,000,000
32nm 22nm 14nm 10nm Znom
2009 2011 2013 2015+
T L Manufacturing Development Research
1,m*m_ ,“' ; < Future Options
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2,300 — &"m
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H vavoTtexvoAoyia AEN gival veo paivouevo

Lycurgus Cup
(Pwuaikn emroxn, 4° mX aiwvag)
Eikova
vavoowuaTidinv
Xxpuoou/apyupou

OTO KUMEAAO

.
S ab
N\,

:

Green = Reflec

Red = Transmit
50nm

‘O1av N TNYN PwTOC PRICKETAI EEWTEQIKA TO KOTTEAANO eupaAViIleTAl TIPACIVO AVTIOETA OTAV

TO (PWG TOTTOBETNOEI €CWTEPIKA e avideTal KOKKIVO. TEPIEXEI VAVOOOUATIOIA XPLOOL KAl
APYLEOL PEYEBOLC TTEPITTOL 70 NM KAl o€ avaloyia 1:14.


http://www.thebritishmuseum.ac.uk/science/lycurguscup/sr-lycugus-p1.html
http://www.thebritishmuseum.ac.uk/science/lycurguscup/sr-lycugus-p1.html
http://www.thebritishmuseum.ac.uk/science/lycurguscup/sr-lycugus-p1.html
http://www.thebritishmuseum.ac.uk/science/lycurguscup/sr-lycugus-p1.html
http://www.thebritishmuseum.ac.uk/science/lycurguscup/sr-lycugus-p1.html
http://www.thebritishmuseum.ac.uk/science/lycurguscup/sr-lycugus-p1.html
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Examples of lustre potteries : a&b) polychrome shards from Suse (Abbasid, 9™ century), c-e) Fatimid shards depicting a lion or aleopard (c) and a
palmette (d, e) both excavated from Fustat (12" century, Cairo, Egypt); f) red Hispano-Moresque and g) Mudejar (16M century, Andalusia)
potteries (Sévres Museum Collection); h) and i) are modern red and gold shine lustres from Eva Hundum.(Photograph, Ph. Colomban).
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“Navo-6aktoAa" emrpemouvy ota Gecko va
“KOANQVE" ETTIPAVEIEC

7 1000
Sex Spatular

1 million
foot hairs
(setae)

.S:patula
I_OO am

http://robotics.eecs.berkeley.edu/~ronf/Gecko/index.html



http://robotics.eecs.berkeley.edu/~ronf/Gecko/index.html
http://robotics.eecs.berkeley.edu/~ronf/Gecko/index.html

YLVOETIKG Geckos -
e TTE0-OLYKOAANTIKA NaVOUAIKA

»

YOVOETIKA VAVOUAIKA TTOL EXOLV OXESIAOTE
WOTE VA €UPAVIOLY  LTTER-CLYKOAANTIKEC
1I610TNTEC TTAPOUOIEC JE ALTEC TTOL £XOLV TA
OAKTLAC TGV gecko.

Yurdumarkan etal, Chem. Commun. 2005, 3799-3801.
L. Qu, L. Dai, Advanced Materials, 2007,19, 3844-3849.
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Gecko Super Adhesive ZiIAIkovn-Bdon ZTnpi§ng
Kivnrou/PDA Car

[E70-086]

Eva povadikd uMKO vId TO dUTOKIVATO 1) TO JKdpoc gac yid TNy atnplEn Tou KivaTow
arAwy EE0pTNUOTWY YRYOoPA Kol SUKOAD

- Kohhoe slkoha o2 onoladnnoTs enipdveld

- Evanl adiafpoxo Kol avTExel OThy NAICKR akTIvoPoiic

- MAEvETO SUKOAD KO MEPIEXE! UPNANC NOIGTATAC IAIKOVH

- Md onolodANoTE KIVATO 1 dhAn CUOKEUR NoU BEASTE va JTEPEWTETE AVTIBETA WS
TOUC vOIOUC TNG PopudThTac d

http://www.axd.gr/product info.php<products
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http://www.axd.gr/product_info.php?products_id=2991
http://www.axd.gr/product_info.php?products_id=2991

New superglue may help Spidey come closer to reality...or

not
101703

L

it

http://news.stanford.edu/news/2010/august
/gecko-082410.html

http://youtu.be/o5IMJIQOKSY

An incredible new Gecko-like glue is said to be the stickiest yet. Using
some fancy-schmancy system of carbon nanotubes enhanced with
curly strands of carbon, the new glue is 10 times stickier than a
gecko’s feet, The substance’s adhesive qualities can also be measured
in a unit we all understand:


http://youtu.be/o5lMJtQOKSY

Electrons per device
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AvATITLEN TV ATTAPAITNTOV BEWPIDV KAl €OYAAEIOY  TTOL  PTTOPOLV VA
TTEORAEWYOLY, va egnynoouvy, va “douv” Kal va “XeipioTovy” TNV VAN aTNV KAIPaKa
TWV VAVOo- SIA0TACEWV.

TTX. MIKOOOKOTTIQ:
— STM (Scanning Tunneling Microscopy)
— TEM (Transmission Electron Microscopy)
— AFM (Atomic Force Microscopy)
— CFM (Confocal Microscopy)




MG eKPPAZETAI N VAVOTEXVOAOYIA YOPW UAG;



Nwe ekppadleTal N vAvoTEXVOAOYIA YOOW UAC;

TexvoAoyia Invisicon®  NavoowA vV
AvBpaka (Carbon Nanotube Technology)
“O1I vavoowAnvec avbpaka EIMTPRETOLY
ueow S1adikaoiwV KATtaAAnAouv KabapiouoL
KQl TTIOTOWONS TNV dNuIoLEYIA LoVadIKWV
AYQYILWV ETIPAVEIQV."
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YLOVOLAOUOG KABAPWY IOVTWY VAVO-APYLEOL UE
IVEGC MECW TNG KATOAANANG TeXVOAOYIAC yia TNV
SNUIOLEYIA VEWV TTPOIOVTWV [E QVTIRAKTNOIAKES
KAl ATTOALUQAVTIKES 1610TNTEC KABWS Kal 1610TNTA
£€OLOETEPWONG TNG KAKOOWIAG.”



Nw¢ ekppadleTal N vavoTEXVOAOYIA YOPW UAC;

[TOAANG QTTO TA TTEOIOVTA TNG €ival N&N OTNV ayopEa:
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(ovopavéueveg) ECPQpUOYég VOVOGODHOTlSiODV

(APPLICATIONS OF NANOPARTICLES |
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http://us.st11.yimg.com/us.st.yimg.com/I/bulkinkjetcarts_1903_993523

AVAUEVOUEVEC EPAPUOYEC

~ 2000 Nyevia: TTaBNTIKEC VOVOSOUEC

.X. KoA\oeIbr, aerosols, vavoowuarTidia JETAAMNWY,

TTOALHERN, KEPAMIKA

\J

EYO LA 2" Yevia: EvEQYEG VOVOOOUES

TM.X. LTOXELHUEVA cpc:ppc:Kc: BlOlchlKag OULOKEVEG,
3D transistors, eVIOXLTEC, EVERPYOTTOINTEG,
JTPOCAPUOCIUEG SOUES

~ 2010 Nyevia: AOUEC ATTO VAVOOLOTHATA

TT.X. Eucmpom Koeoﬁnyoupsvng opyovmcng, 3D
SIKTOON KAl VEES IEPAPXIKES cpxnsmovmsg,
JTPOCAPUOCIUEG SOUEG, POUTIOTIKN

e AU XA /N vevid: MOPIOKA VAVOSLOTAUATA

M.X. MOPIGKEG MNXAVEG OXESIQACUEVEC OE QTOMIKO

ETTITTESO, VEEC AEITOLPYIKOTNTEG
\J




BlovavoTexvoAovia n EMOTNUOVIKN PAVTACIQ;
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Ti eival n NavoTtexvoAoyia ;;;

(o

. Nanostructures are at the confluence of the
smallest of the human-made devices and the largest
molecules of living things. Nanoscale science and
engineering here refer to the fundamental
understanding and resulting technological advances
arising from the exploitation of new physical, chemical
and biological properties of systems that are
intermediate in size, between isolated atoms and
molecules and bulk materials, where the transitional
properties between the two limits can be controlled.”

M.C. Roco (National Science Foundation), 2001.


http://www.hyle.org/journal/issues/10-2/lopez.htm
http://www.hyle.org/journal/issues/10-2/lopez.htm
http://www.hyle.org/journal/issues/10-2/lopez.htm
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TNV VAVOTEXVOAOYIA TO HEYEBOC €ival ONUAVTIKO

Giant Gold Bar Glass Cup (gold red)

( Mitsubishi Materials Co. Ltd.) (Multi-Glass Co.Ltd.)
red-wine color due to gold nanoparticles



TNV VAVOTEXVOAQYIA TO HEYEDOC €ival TNUAVTIKO
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YOUTTAYNG XPLOOC:
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O apIBUOG TV CWHATISIV OTNV €TTIPAvEIa avfaveTal
KAOWC MEIVETAl TO HEYEOOC TOL VAVOOWUATISIOU.
ALTO £xEl Cav ATTOTEAECH A avénuévn SPACTIKOTNTA KAl
€miépacn OTIC PULOIKEG KAl XNUIKESC 1610TNTEC OTAV
ALTEC €€QPTWVTAI ATTO TNV £KOBeON TOL CWUATISIOL OF
KATTOIO JECO (KATAALON, PWTAVYEIQ KATT)

Schmid G.,The relevance of shape and size of Au55 clusters, Chem. Soc. Rev., 2008,37, 1909-1930.

“When we get to the very, very
small world — say circuits of seven
atoms - we have a lot of new
things that would happen that
represent completely new
opportunities for design. Atoms
on a small scale behave like
nothing on a large scale, for
they satisfy the laws of quantum
mechanics...”

Richard Feynman

“There's Plenty of Room af the
Bottom”™

(1959 APS annualmeeting)



http://pubs.rsc.org/en/content/articlepdf/2008/cs/b713631p
http://pubs.rsc.org/en/content/articlepdf/2008/cs/b713631p
http://pubs.rsc.org/en/content/articlepdf/2008/cs/b713631p
http://pubs.rsc.org/en/content/articlepdf/2008/cs/b713631p
http://pubs.rsc.org/en/content/articlepdf/2008/cs/b713631p

TNV VAVOKAINAKA aAANAloLV:

Xpdopuo Zyrua KpverdiAov
Znuelo Tri¢ng Aywyipusyca
Mayvy e 10Ty Tes Xnuinr Apascicdrrya

WHALNNLEKEL \QtR Nl VARTITKN T7RMRCIKD IR

Voxel =3-D pixel,

L
~125 atoms Voxel set Voxel Grid



ANy PLoIKWV |SlIoTATWV: 6.T.

* MAOKPOOKOTIIKOC OPIOUOG O.T.

— Eival n Bgpuokpacia otnv o1moia Ta AToua, I0VTA N
HOPIa HIaC OLOIAGC EXOLV APKETN EVEQYEIQ WOTE VA
LTTEPPOLY  TIC  SIQUOPICKES  SLVAUEIC  TIOL  TA
OLYKOATOLV O€ Hia «OTABEPNN BECN OTO OTEPEO.

— Ta atopa TNC emepaveag xeelalovrar ANiyoTepn
EVEQYEID VIO va KivnBoLv vyiati PpiokovTial o€
% ETTAPN PE ANIYOTEPA ATOUA TNG £€VAWONG ATTO OTI TA
E0WTEPIKA.,

S~ 3 ETTAPN e 3 AToua

~ , ,
= Jeemapn he 7 QToua

http://puffernet.tripod.com/thermometer.jpg
http://serc.carleton.edu/usingdata/nasaimages/index4.html



http://puffernet.tripod.com/thermometer.jpg
http://puffernet.tripod.com/thermometer.jpg
http://serc.carleton.edu/usingdata/nasaimages/index4.html
http://serc.carleton.edu/usingdata/nasaimages/index4.html
http://serc.carleton.edu/usingdata/nasaimages/index4.html

6.T. XOLOOL KAI VAVOOWNATISIV XOPLOOL
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1 OOO—-
900-'
800-5
700
600:
500-:
400-
300':
200-:
1 OOE

Melting Point, °C

G'I'I'I'I'I'I'Irl'lrl

O 1 2 3 4 5 6 7 8 9 10
Gold Particle Radius, nm

Nanoscale Materialsin Chemistry, K. J. Klabunde, ed., Wiley, 2001, Chapter 8.



2NuEio TAENG

HAKpPOKAINaKa

VavokAipaka

H TAelovoTnTa
TGV ATOUWY
BpiokeTal...

...OTO €E0WTEPIKO TOUL
AVTIKEIUEVOL

... MOlIpaCuEVN AVAUECO OTO
E0WTEPIKO KAI TNV ETTIPAVEID TOL
owWPATISIoL

_:'-:;._

MeTaROoAn Tov
HEYEOOULG. ..

... EXEI TTOAD pIKEN
€TTISOACN OTO TTOCOCOTO
TV ATOPWY TTOL
BpoiokovTal oTnVv
ETTIPAVEID

... EXEI HEYQAN €TTibpaon oTo
TTOCOOTO TWV ATOUWYV TTOL
BpiokovTal oTNV €mMPAVEID

To onueio TNENC

...6¢ev e€apTtaTal amo 10
uEYEBOG

... Eival XauNAOTEPO YIA TC
UIKQOTEQA CWUATISIa




Omnmkeg 161otNTEC T1.X.: O&eidlo Tov Zn (ZnO)

e TaowuatibiaZnO:

— ATTOTEAOLV PIATPAYIA TO UV pwC

— AIGBAOLYV TO 0PATO PWC

— Eugavidovraraotmpa

e TavavoowuartidiaZnO: Ta avInAIaKa Tiov
' ' Ta avTinAIakKa 1oL TIEPIEXOLY

— ATTIOTEAOLY QIATPAYIA TO UV PG mepitxovvowparisa  VavoowHatiéaznO

, , , , ZnO eival doTpa eivaréiavyn
— EIlvalTOOO0O UIKpQ O OXeON UE TO
UNKOGC KOUATOC TOL OPATOL TTOL &eV
epavifoouv SIabAaon

— Epopavidovral Siavyn
Eqpappoyn: AviinAiaka.

Navoocuarisia Zn

http://www.apt powders.com/images/zno/im_zinc_oxide_particles.jpg
http://www.abc.net.au/science/news/stories/s1165709.htm
http://www.4girls.gov/body/sunscreen.jpg



DLOIKES 1810TNTEC: AlAxLON

Ta piKed cwpartidia (Hopla Ot AIENUATA, OKOVN
OTOV QEPA) KIVOLVTAI O€ TLXAIA POVOTTATIA (zig-zag,

Brownian motion) e€Qimiag Tav OCLYKOPOVLOEWV )

Ta ocwuartibia dilaxeovtal Ootav €lcaxbovv Ce &va
UEcO/SIAANLTN (TTX. APWUA OTO SWUATIO)

MEON KIVNTIKN EVEQYEIQ V2 MVZ ~ BEPUOKPACIAC

O1 TaXLTNTEG KIVNONG TWV HECWYV  OCWUATISIWV
JElVOVTal 00O auvfaveral n pada Toug, apa Ta
UEYOALTEQQ oWPATIOIa SIaXEOVTAI TTIO APYA.



AYQYINOTNTA VAVOOANVV

e Oi1vavoowAnvec C eival 100 popEC TTIO AVOEKTIKOI ATTO TO
ATOOAI, EOKAPTITOI KAI JE POVASIKES 1610TNTEC OCOV APOPA OTNV
AYWYIUOTNTA TOLC.
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Zig-zag Armchair Chiral

e MITOPEI VA €iVAI AYWYOI N NUIAYWYOI AvAAOYa UE TNV SIAUETPO,
TNV oTPOo®N (twist) Kal TOV apIiBuO TV TOIXWUATWY TTOL EXOLV.

€IKOVEG: hitp://www.weizmann.ac.il/chemphys/kral/nano2.jpg



http://www.weizmann.ac.il/chemphys/kral/nano2.jpg
http://www.weizmann.ac.il/chemphys/kral/nano2.jpg

NapapTnua: 3D BIOEKTLTTWOEIC



[Mapouaiaocn TV OTOXWV KAl TNG 16€aC YLPW ATTO TNV TEXVOAOYIa
EKTOTTGOONG KLTTAPWV: Evag LTTOAOYIOTAG XPNOIYELEl CAV TTNYN
TTANEOPOPIWYV YIA TIC AVAYKES TOL ACBEV KAl KaBodnye TNV evammoBeon
KOTTAPWYV KAl BIOOAIKV YIO TNV KATAOKELN EVOC OCTOL YVABOL HECK
UNXAVIKNG IOTWV.

Campbell, P. G., Weiss, L. E. lissue enaineering with the aid of inkjet printers, Expert Opinion on Biological Therapy, 2007, 7, 1123-1127.
Ferris1, C. J., Gilmore, K. G., Wallace, G. G.in het Panhuis, M. Biofabrication: an overview of the approaches used for printing of

living cells, Appl. Microbiol. Biotechnol., 2013, 97, 4243-4258.


http://informahealthcare.com/doi/full/10.1517/14712598.7.8.1123
http://download.springer.com/static/pdf/23/art:10.1007/s00253-013-4853-6.pdf?auth66=1385192446_1ad18ed18a42bc41fd54a751771f1778&ext=.pdf
http://download.springer.com/static/pdf/23/art:10.1007/s00253-013-4853-6.pdf?auth66=1385192446_1ad18ed18a42bc41fd54a751771f1778&ext=.pdf
http://download.springer.com/static/pdf/23/art:10.1007/s00253-013-4853-6.pdf?auth66=1385192446_1ad18ed18a42bc41fd54a751771f1778&ext=.pdf
http://download.springer.com/static/pdf/23/art:10.1007/s00253-013-4853-6.pdf?auth66=1385192446_1ad18ed18a42bc41fd54a751771f1778&ext=.pdf

Double nozzle

(X=Y direction) Salivation
Syringe fixer
‘Needle
‘ & Temperature
controller No salivation

| Low-temperature
modeling chamb

-

Forming platform
(Z-direction) (c)

Working plane (sterile glass)

Li et al., Direct Fabrication of a Hybrid Cell/Hydrogel Construct by a Double-nozzle Assembling
Technology, Journal of Bioactive and Compatible Polymers, 2009 24, 249-265.
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Viabile L929 cells %

cpP hkjet printing 7h incubation

Thincubation
andwashing

Liberski, A. R., Delaney Jr., J. T., Schubert, U. S. "One Cell-One Well": A New Approach fo

Inkjet Printing Single Cell Microarrays, ACS Comb. Sci.

2011,

13, 190-195.


http://pubs.acs.org/doi/full/10.1021/co100061c
http://pubs.acs.org/doi/full/10.1021/co100061c
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http://pubs.rsc.org/en/content/articlepdf/2013/bm/c2bm00114d
http://pubs.rsc.org/en/content/articlepdf/2013/bm/c2bm00114d
http://pubs.rsc.org/en/content/articlepdf/2013/bm/c2bm00114d
http://pubs.rsc.org/en/content/articlepdf/2013/bm/c2bm00114d
http://pubs.rsc.org/en/content/articlepdf/2013/bm/c2bm00114d
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