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PREFACE

The Proceedings publish the selected talks presented at the 3rd Winter Educational Seminar
which took place in February Wednesday 1 - Saturday 4, 2012 in the Ski center Horni
Domky, Rokytnice nad Jizerou, as a joint activity of two departments of the Institute of
Physics ASCR, v. v. i. (FZU), i.e. Department of Thin Films and Nanostructures (26) and the
Department of Optical Materials (27). The seminar was organized within the frame of the
CABIOM - Carbon-based Biomaterials and Biointerfaces (http://cabiom.fzu.cz/), the Virtua
Research Center of the Institute of Physics AS CR, v. v. i.). The am of the seminar is
promoting discussions about the scientific and experimental difficulties young students
experience during their PhD. studies face to face to other researchers and thus, to support
them during their work and build a natural bridge between young researchers and senior
scientists.

The main subject of the given talks was the CVD deposition and material processing as well
as characterization of thin films. The discussions were focused on material engineering, CVD
technologies, characterization of materials and interfaces, data processing and analysis, and
theoretical modeling. The attended researchers and workers referred about the scientific
results and they introduced some special methods used in their laboratories, mainly localized
at the Institute of Physics of the ASCR, v. v. i.

The number of participants at the 3rd Winter Educational Seminar was as follows: 7 senior
scientists from the Ingtitute of Physics of the ASCR, v. v. i., 8 PhD. students and 2
undergraduate students. The seminar was attended this year by external guests coming from
the International Laser Centre in Bratislava and from Slovak University of Technology in
Bratislava with whom we closely collaborate in the frame of the agreements on international
cooperation in research & development in the field of nanocrystalline diamond and diamond-
like carbon thin films, fundamental physic of materials, manipulation and characterization of
semiconductor surfaces and their nanostructures as well as development of novel analytic
techniques.

The 4« Winter Educational Seminar will take place at the same place in January 30- February
1, 2013, please see http://www.fzu.cz/~remes/Rokytnice/workshop.html for detailed
information.

The seminar is open for PhD. students and the undergraduate students working in the Institute
of Physics of the Academy of Sciences, v. v. i. as well as for the invited guests. The
attendance to the seminar is free of charge for the participants of the seminar under the
condition that they will give in English an oral talk about their work or a topic that can be
interested for others.

Ing. Lenka Hod’akova, Mgr. Zdenék Remes, PhD., Ing. Alexander Kromka, PhD. and RNDr.
Martin Ledinsky, PhD.
in Prague September 20, 2012
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Dotek atomu

aneb rastrovaci hrotové mikroskopy

A. Fejfar
Fyzikalni ustav Akademie véd Ceské republiky
Cukrovarnicka 10, 162 53 Praha 6

&

" e-mail: fejfar@fzu.cz

@ 4.2.2012 Fejfar Dotek atomu
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Experimentalni dukazy

+ Jean Perrin 1909 - The Atoms (NC 1926)
« Max von Laue (1912) - difrakce Roentgenova zareni (NC 1914)
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Dnes muzeme atomy vidét pfimo:
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Phys. 71(1999) S324.

Rev. Mod.
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|Zzace

Real

G. Binnig, H. Rohrer (Nobelova cena 1986)
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Princip STM

Scanning Tunneling Microscope,
tj. rastrovaci tunelovaci mikroskop

l=K*Ure ™

d
e 3g >

STM

scanning tunneling
microscopy

@ 4.2 2012 Fejfar Dotek atomu

PDF vytvofeno zkuSebni verzi pdfFactory www.fineprint.cz



http://www.fineprint.cz

Atomarni schody na povrchu zlata

@ 4.2 2012 Fejfar Dotek atomu

Povrchova rekonstrukce
Si(111) 7x7

Atomie Resolotion Tmaging at 500 fA Tunneling Current
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Sondz pro hrotové mikroskoEX

Podstatnou roli pro vysoké rozliSeni hraje ostrost
hrotu —W, Ptir (cca 20 nm)

hrot

0% 92%
d proudu praudu

vzZorak

@ 4.2 2012 Fejfar Dotek atomu
Potrebna presnost  ausogie: sejns vystove

rozliseni v nasich méfitkach:
Hrot - povrch 1 nm = 0,000.001 mm , )
rozligeni 1 pm = 0,000.000.001 mm Eiffelovka rastrovand 1 mm
nad vozovkou Champs Elysées
s presnosti 0,001 mm.

'."I 5
0.GBO25 mm

Ag(111)

@ 4.2 2012 Fejfar Dotek atormu
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Laborator
AFM-STM

Omicron system:

- UHV (~10-"" mbar)

- LEED

- Auger

- hmotovy spektrometr
- iontové délo

- UHV naparovadio

Nase dodatky:
- PECVD (RF, VHF)
- STL

@ 4.2 2012 Fejfar Dotek atomu
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AFM/STM VT-STM

@ 4.2 2012 Fejfar Dotek atomu

Atomarni usporadani kiemiku v krystalu

a[:
| Rovina (111)

} v jednotkové burice

« Silicon has the diamond crystal structure that can be
regarded as two interpenetrated f.c.c. lattices
displaced by 1/4 [111]

» The cubic lattice constanta,. =5.43 A
» The covalent radius of Siis 117 pm (1.17 A)
« The bond length is 2.34 A

» Note that cube diagonal divided by 4: V3.0 (5.43)/4 =
2.35 A is twice the covalent radius, as it should be.

@ 4.2 2012 Fejfar Dotek atomu
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Povrchova rekonstrukce kiremiku

Povrch kremiku
adatom

Si(111)

%7 structuur dimer

restatoms

{1x1) bulk

DAS-model (Takayanagi / Tong) (Bron FHI)

@ 4.2 2012 Fejfar Dotek atomu

unit cell

@ 4.2 2012 Fejfar Dotek atomu
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Si(111)-7x7 model

- 49 db — 19:
[110]
Faulted . Unfaulted % 12 anaton
_ - @ 6 rest atoms
[ £ @ 1 corner

K. Takayanagi et
(P al., Surt. Sci.
(1085)

g N
()10, = 3.86 A
@ adatoms ek

@ restatoms

@ 4.2 2012 Fejfar Dotek atomu
s B

Povrch kremiku
(111)-(7 x 7)
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Princip ,barevného” STM

@ 4.2 2012 Fejfar Dotek atomu
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STM v barvach

Surface of a 10 monolayer thick island of terbium (Th) on
'W(110). The green region is the clean Th{0001) surface, while
the blue-violet region is an adsorbate induced reconstruction of
the Th(D001) surface. The adsorbates, possibly CO, result from
impurities from the evaporant, since the degassing (cleaning)
process of the Th evaporation-source had not been finished as
this sample was prepared.

120 nmx 120 nm topography

red=03V

green=1V

blue=18V

Crystallites or "islands” of GdFe2, prepared by simultanously evaporating
Gd and Fe onto the W({110) substrate and annealing at 430°C_ The left
island is 2.8 nm thick. Among the islands, the subsirate is covered with a
monolayer of GdFe2. The GdFe2 monolayer exhibits a  slightly different
color than the GdFe2 of the islands, what means, that the electronic
structures are different. The reason is the monolayer being stressed by
the underlying W(110) substrate, with a continous stress release to the
thicker islands.

Tonmx 75 nm

10% topography+ 90% deviated topography at 0.1V
Color-information:

three constant current topographical images at:
red=01V
green=1V

blue=21V
4.2 2012 Fejfar Dotek atomu

STM v barvach

Image size: 125 nm x 125 nm
Tunneling bias: red: 0.3V, green: 0.8 V, blue: 12V

The rare earth metal jerhium ( Th ) was evaporated onto a

W(11D) single crystal as a thin film. The thickness of the film was

less than one single atomic layer. At this low coverage the Tb atoms
arrange in parallel lines, so- called "supersiructures”, visible as stripes.
Areas with different distances of the monoatomic stripes are visible.
Since the electronic structure of the supersiructures depend on

this stripe distance, each superstructure exhibits a characteristic color
in this three color composite.

This is the main scienfific message of these images:

different colors mean different electronic structurel

About 4 monolayers of Th on W(110), annealed at 330°C._ At these temper-
parameters, the islands mainly grow along the substrate steps. Among the
islands, the subsirate is covered with a monolayer of Th. The blue regions
are hydrogen being absorbed on top of the surface. Hydrogen is always
present in small amounts in the ultra-high vacuum chamber.

140 nm x 140 nm

15% topography+ 85% deviated topography at -0.3 V

current imaging tunneling spectroscopy, obiained after the topography,
dlidU images at:

red=01V

green=1V

blue=21V

@ 4.2 2012 Fejfar Dotek atomu
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STM v barvach

450 nm x 450 nm, Tunneling bias: red: 0.3 V, green: 1V, blue: 1.8V

Crystallite or “island” of the rare earth metal Terbium (Tb)

grown on a Tungsten (W) single crystal in (110) orientation.

The rare earth metals are extremely sensitive to contamination,
for instance from a vacuum that is not good enough or from an
insufficient cleaning process of the eyaporant

As this sample was prepared the cleaning process

that is carried out by melting and degassing the Th under high
vacuum, was not finished. This results in the formation of diverse
adsorbate induced reconstruciions. Here they are visible

mainly at the rim in blue.

Th terraces on W{110); during the evaporation process the substrate
temperature was lowered from 350 to 300 °C, resulting in the formation
of such step pyramid like structures, with each step being only one single
atomic layer (0.28 nm) high. Beside hydrogen adsorbtion sites (blue) the
terraces exhibit two kind of regions of slightly different color, yellowish
and greenish. The difference is due to stacking faults that are present in
the Th(D001) surface.

Image-size: 200 nm x 150 nm

Image: 10% topography+ 90% deviated topography at-0.3 V
Color-information: current imaging tunneling speciroscopy, obtained after
the topography, di/dU images at:

red=01V

green=1V

blue=21V
4.2 2012 Fejfar Dotek atomu

STM v barvach

The brown, small and large objects that look like stones are
islands of Gadolinium grown on fungsten.

‘Where the surface appears blue, hydrogen has been adsorbed
on it changing the surface electronic structure drastically.

The three color composite process was slightly different for this
image than for the other ones: The topographic image was
colorized via three current imaging speciroscopical images at
different bias voltages.

Gadolinium and iron were deposited on

the W(110) substrate. They form an alloy, GdFe2, visible as

the olive-green areas. A surplus of Gd results in the Gd superstructures,
(identical to the Tb supersiructures) visible as the blue striped areas.

@ 4.2 2012 Fejfar Dotek atormu
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Povrch
GaAs + Si

@ 4.2 2012 Fejfar Dotek atomu
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Potential [meV]

0 700 200 300 200 500 600 700 800

distance [nm]
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Manipulace

@ 4.2 2012 Fejfar Dotek atormu

Chemie po krocich

"™ p S o |
G ()G 2GH Giig

@ 4.2 2012 Fejfar Dotek atormu
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Kvantova
fata morgana
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AFM laser beam

Atomic
Force
Microscopy

<=5

piezo scanner

@ 4.2 2012 Fejfar Dotek atomu
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Charles University in Prague r o Y
Faculty of Mathematics and Physics 5@}
Smdy programme: Physics s

Specialization: Quantuns optics and optoelecironics

Megr. Jakub Holovsky

Silicon solar cells:
methods for experimental study and evaluation
of material parameters in advanced structures

Supervisar: RWNDy. Milan Vanéek, CSc,

Instisute of Physcs,
Apademy of Sciences of the Czech Repoblic. v. v_ i

+  Motivation
+ Introduction

« Optical simulations
« Material characterization
« Dualjunction device characterization

+  Conclusion
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solar energy. potential of cheap, decentralized, renewable source of ensrgy
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optical + electrical: optical absorption coefficient

(Eipaeier) o= fi- j' N, (E) No(E+ha) dE

(i lark, limat of T}

Baad dia gram of a-SeH optical absarmptisn sosffeent
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By photon cacrgy (V)
Np=l. 2215 10% - it (1. 26W)
E_ i Dania, J Mod-Cryst. Sabds, 1970,
wis = LiTatit

iall A =
evaluation of absorption coefficient

+  Fresnel coefficients
1 +  mhiple reflections (coberent / incolwerent)
+  reducing miterferences by AT ratio

A1+ R 0-0") i,
ny s - By

approximation
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™ '] I : 1 D0
BUT validity of this formula A —
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I, Riveer, K. Welgar, O, Comemen. Fol 57, 7.5 1046
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simulation of absorptance in multilayer B2t
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alEialnial=
Monte-Carlo simulation of absorptance in nanostructured films
fit of total reflectance fit of absorptance

e T2

Samples under study: ne.)
= Alfall + a-SiH (1)
o Alfoll A%+ 500, +a-5iH  (24)
= Alfoll B*+35n0; +a-3iH  (2B)

= Corming glass + a-51:H ()
[measured standardly)
1. Holovsky ¢4 ok, Phyaica Starus Solidl 4, Vol. 207, . 578 (2010) . AP
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Material characterization

Fourier Transform Photocurrent Spectroscopy (FTPS)

Michelson's miterferometer J{!}= ]_.‘."l'l-L B{V}-F{V} -DU"] }
fimed mirror
S t 5 t I
| moving mirrer |  Photecurrent basebine . filter. detector
LOECE —

el e

bramspll, el
| displacement & .

filied 4’ + Jaequinet — Av - (FEF ve. () for grating spectrometer

] + Pelgett — hagh speed. illnissar i

* — Felgett — dynamuc lint on whole spectrum —+ filiers
+ Mygist - Av = {mirmor path kength)!
detector

o ——.P— = Mygist = A= 4 x sainpling step of mwovable miroe

— hagh frequency. A-dependent modulation £, .= 2wy

A Poruba =l al. | 47th ELLPVEEC, pp. 2561-2584 (3001}

Complexity of FTPS

optical absonption
coefficient material
marphology

m::,i:t;lt . FACresEopic
distribution elecirical
struciure
refraction index modulated
photoconductivity |

genarm pmm"‘ﬂnt
Tl CAFTHEMS
macroscopic distributicn FTPS signal
oplical struciure
rmodulation
frindilated frequency
Murmination

L kil i N J A FIE Tk, AE
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Complexity of FTPS

macroscopic
ehecirical
shruciune

FTPS signal

macroscopic
cpbical “mf:./)

4. Holovaky i New 4 J and FTE InTesE, 2011

distribution of optical absorptance

smooth lnver on glass nanocrystallites in amarphous mairix

surtace defects
= excess absorplance

pechme: T. Maies, et al, Joumal of Fivnos: Confremoe Semes 61 {2007) 790794
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Complexity of FTPS

optical absorption
coefficient

macroscopic
ehecirical
shruciune

refraction index modulated

photoconductivity /
photocurrant

modulation
freque ncy

4. Holkaaky i ey InTesE, 2011

~S. apsorplance — carrier

MaCroscopic FTPS signal

cplical slruclure

I‘I‘IHUIB‘I.EI:I
urmination

optical absorptance and conductive carners density
£, (ho < 3eb) o anN,.{E} No(E+ hay) dE

# 16 is a8 2%
photon gy (=17

Band diagram of a-51:H apltodectrical™ sbsorption eos fficicn
oy F ol parabolic ba
i
i 2 £ w'S
: 'E ; ] I:H 4 Urbach edge :E:I_EB2
E E o convolution o |
3 £ n
B H > B - /
= = 5—]0"- / LE defect states
g £ 1/
= 14—

-in photeelecivical absorption coellicient transition {‘-1 is missing,
=tramsition B. i= maintained by thermalization under room temperatare
= we can still calealate with AMM as with Awmd and Ny opieal 1'.'1’D_wm

PDF vytvofeno zkuSebni verzi pdfFactory www.fineprint.cz

30


http://www.fineprint.cz

<. absorptance — carrier

frequency dependence of photocarrier density

r pisg - probability, that electron
will be thermally excited above the mobility edge in

phasze with excitation frequency (s *

. Tt
pepr+ (zf~{a)]

- free carrier generation is generally
frequency dependent:

rni.

Modulated Photocurrent Methad *
showed noticeable effect at
frequencies around 1kHz

Conduction band

=

probl
I

"K. Abe. etal Philosophical Magazine B, Wol. 38, Mo 2, pp. 171-184 | 1968

<. absorptance — carrier

frequency dependence of pholocarrier density
dual beam phtotocurrent (DBP) and FTPS

—o—@=3i:H DEP 3.5HZ 6.2n&
——a-5iH DEF 13Hz 6. 2nA
——a-5i:H DEF 839Hz 6.2nA
= a-5i:H DEF 380Hz 6.2n4
=+=+ 8-S H DEP JHz 6.2n4

a  a-SiHFTPS

% @3iH FTPS WLB

alpha, qcm'1]
'.:.;

s
[=]
4

higher DEP frequencies

03 . a-SiH layer (2um) |
08 10 12 14 18 18
phaton energy (&V)

1. Holovsky, J. Nem-Cryst. Sclsds 334 (2008} 2167 - 2170
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Complexity of FTPS

optical absorption
coeficient material
marphology

etime and ™,

meilly

distribution
optical ;
g MACroscopic
absorptance e

shruciune

distribution !
refraction index modulated
P photoconductivity /
phatocurrent
MACToscopic

opbical struclure

madulated

Mumination

Fo. carrier aensity =

FTPS signal

lifetime dependence on illumination

mabiliry
photocurrent density: -"Tpu'r =eh -5 Jﬂ ‘?"

™ lifetime
1n dark tllmina fee
: i e E
E[ "'{_: T : : AWEEF : 5
S PO A Ee
BUT! _.ihe cxcess camiers change the position of quasi-Fenmi levels

+ traps/recombination centers changes — lifetime changes ~ [T = TAV) = T{G)
in classical spectroscopy : G= Gk} - T=70) !

+ &) Dual Beam Photocwrrent : M == k) - T = const

problem = po more Jin datk® — dependanton &
+ b)) Constant Photocarrent Method ; change G{4) to keep Ly eomstant — T = const.

~ ¢} Fourder Transform Phot. Specir. - MW - T = consi.

= dark® conditions in FTPS are satisfied only if the IR filter is used
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Complexity of FTPS

defects, disorder

optical absorption
coefficient

MaCroscopic
eptical struclure

optical
absorptance
distribution

modulated
phetaconductivity /
phatacurrent

generated
frasa carmers

Mmacrestopic
ehecirical
shruciune

distribution FTPS signal
~ modulation
modulated frequency

urmination

~S. SUUCIUre — mopility

structural effects influencing mobility lifetime

N il ks nm:q;sml]:lﬂ it mrrmmu At

LT grins) = L T{nmorphous matrix)

b} surfaces, interfaces

every non passivated wtertace (surface))
represents strongly defective area with

stioaig recombimation rate and low lifetine T v

surface defects
=_ dead zones™
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Complexity of FTPS

optical absorption |F‘:EI§IIHU \
coefficiant Sotribution

T T
Mmacrestopic

elecirical

: shruciune

refraction index modulated
photoconductivity /

photocurrent

FTPS signal

MACroscopic
cpbical struciure

. QISTrbutions el.

a) distribution of mobility, lifetime and generation

THIN (=1pmn) laver on glass, coplamar contacts

b |
effert of surface defect states B o — ﬂ_!‘-ﬂﬂi loss at
% high absorption
Jw =eE- [Gla(z) pe(s) ds e
£
M35
phaton enengy (2V)
”
= i = non=vanshing
% ; . interferences
2 'J -t —— duz to surface
bl ¥ i defects
14 ih L) i
o, sy )

M VanBiek cral. . J Appl Phys, T8 (1993) 6203-6210
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a) distribution of mobility, lifetime and generation

moilel Fepresentatiom:

band-to=bamd + bulk detects
.-'_'—M—\
generation:

surtace defects

mizhikity « lifetime:

abearplion coafficiant jom ™)

10 15 2 25
pholon enengy (3]

optically simukated as smonth multilayver on substiate - mafrix approach

. Hedovaky et al. J. Hoa-Crywn, Selads, 2011, m press

a) distribution of mobility, lifetime and generation
numerical fit of measured data: observed time evolution in defect densiny:

..
B
a_
r
i1

RO g

7
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-

X

H

&

-

EI
e
e
i

¥

thickness [nm)  derily (o”) SLrERGR dengRy i
£

win .'\--4___.____:.*;
B -
180 }-.___ {_\_ !"EE

1804 el

w00 E
1
' 15!' Itlﬂlll:I "

—* all the changes explained only by
effet of time evolution of surface states

pholon meergy ()

1. Hodoaky et al. J, Noea-Crywn, Selads, 2011, @ press
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Complexity of FTPS

optical absorption
coeflcisnt matarial
manphalagy

optical
absorptance
Macroscopic
eplical struclure

digtribastion

modulated
photocanductivity /

pheotocurrent
madulated
Mumination

. distributions el.

FTPS signal

macroscopic
ehecirical
shruciune

b) effect of time dependence

1T dre 1
contirniry Z =V ~ Rim)
= HLTR o e 4o ___ time dependent gemeration -
frequency dependence
approximation: | [, =eE.-O -7
amorphons silicon: | crystallime silicomn:
difdr zo
slow I o LA - =§ T
modulation _'Jv’j. w10 | rT=10"1075 r=10"-15 Ry 5 e
frequency: T u YES Ny é_ ; |
o Rl
E J s iy IIII
P p—— =3-10en 1
quasi-bemogeneous ‘E-‘p;gu o2l =107 Con @(2eF)=3-100Cm Firain 'l._
generaiion and <1 =11 i = 1004
recombination: VES NO
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Dualjunction device characterization

schematics of tandem solar cell

EOE [ . # (aul

D BN BN AN G @ tam
warkanglh (nm|

anly terminal contact can be contacted
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aFs - (3]
measurement of I-V curves of individual sub-cells

selective bias light of variable intensity: |l|=- =/ EQFEibans light) |

- I.-:h-\.l'.hq..'.lynl
b ——

I = ! 'm, [y P — |
-—

ol IV

e

B 1V ol lap exll

it .
| ﬂi— new methed
;1— method ol constanl Light bias —fe—
1 4 .
o 8,
i K
--_.}r B 4

il T

i’ ]

as measnred tI

y |-V curve shifled
il by Voc of light

clased Curve

1 T T
_ I j
U_ i .:
- I
" {
G .
E B
'E 2 | _-———_I'__ E
2 3] direct contadt |
e i CONLALA
1 o e o
4] — & new method
- - . ——Todad |-V
—— A sedal
B
1.5 on a5 10 15
voltage (V)

We only have to know individual values of open-cincuit voltage (Vo) !

1, Holovsky e1al, Solar Epsrgy Mucnals and Solear Cells, 103, p. 128-135 (2012)
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1. Holevsky et al., IEEE Jounaal of Phowovolimcs. 2, 164-168, (2012)

Conclusion

Oiptical simulation

- absorptance ! evaluation of absorption coefficient
- smooth / rough, single- ! multi-layer
= Monte-Carlo / vector approach

i i izati
- fundamentals of Fourier transrorm
- fundamentals of material (sillcon)
- real structures: surface states, roughness, metal substrates

Characterization of dual-junction solar cells
- electrical and optical representation
- methods to access to individual parameters: FTPS, |-V

PDF vytvofeno zkuSebni verzi pdfFactory www.fineprint.cz

39


http://www.fineprint.cz

Study of nucleation and growth of diamond thin films

T. 178k"%, O. Babchenko®, M. Varga®?, S. Potocky*, M. Marton?, M. Vojs? M. Domonkos**
and A. Kromka!
L ntitute of Physics ASCR, Cukrovarnicka 10, 16253 Praha 6, Czech Republic
2Jovak University of Technology, FEI STU, Ilkovicova 3, 812 19 Bratislava, Sovakia
3 Faculty of Nuclear Sciences and Physical Engineering, CTU, Biehova 7, 115 19 Praha,
Czech Republic

This study deals with the nucleation and growth of CVD diamond films on S
substrates. In nucleation part two different nucleation methods were studied: (i) the bias
enhanced nucleation (BEN) and (ii) ultrasonic seeding. In the case of BEN, (i) the nucleation
time and (ii) the influence of bias voltage were studied. For ultrasonic seeding the effect of
different solutions of ultradisperzed detonation nanodiamond (UDD) powder with metal
particles on the nucleation efficiency and growth process was investigated (i.e. diamond
powder, nanosized Ni, microsized Co and Y metal powders). Moreover, the effect of
isopropyl acohol and deionized water on the nucleation efficiency was compared. In the third
part, it was focused on the self- and re-nucleation processes in different microwave power
deposition systems on non-treated (non-nucleated substrates) in order to achieve more
information about nucl eation process and plasma properties. The content of CO, or CHg4 in the
gas mixture and the pressure was varied.

In second main part of this study, the diamond film growth in various chemical vapour
deposition (CVD) systems was demonstrated: hot filament CVD (HFCVD), focused
microwave plasma CVD (FMWP) and pulsed linear antenna microwave plasma CVD
(PLAMWP). The growth process of micro- to nano- crystalline diamond films, as low
temperature diamond growth (LTDG) and re-nucleation process was studied (including the
influence of Ar and N, addition, the effect of increasing CO, and CH,). Systematic study was
realized also on the pressure, temperature and gas mixture. The surface morphology of
diamond films was analysed by SEM microscopy and their chemical composition (sp vs. sp°
carbon bonds) by Raman spectroscopy. The surface chemistry was characterized by activation
energies.

Acknowledgements

This work was supported by the grant P108/12/G108 (GACR Excellence Center) and it was
carried out in frame of the LNSM infrastructure. We would like to gratefully appreciate to K.
Hruska, M. Michalka for SEM measurements and J. Potmesil and O. Rezek for technical
support.
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Sudy of nucdeation and growth of diamond thin
films

T. 124k*?", O. Babchenko !, M. Vargal?, S Potocky?, M. Marton?, M. Vojs?,
M. Domonkos?3 and A. Kromka?

Linstitute of Physics ASCR Qukrovarnicka 10, CZ-16253 Praha 6, Czech Republic
29ovak University of Technology, FE STU, likovicova 3, 812 19 Bratislava, Sovakia
3Faculty of Nudear Sciences and Physical Engineering, CTU, Bfehova 7, 115 19 Praha, Czech Republic

Rokytnice nad Jzerou, 2012

Introduction to nucleation of diamond films

* Pre-treatment of the substrate surface —»  to enhance the nucleation density
—> enhance the formation of diamond nudei on non-diamond substrates
—> nucleation density on untreated non-diamond substrates 10° cm2

Nudeation methods

Scratching Bombardment Coating Others
& Emission
Mechanical Ultrasonical Intermediate carbon Spin coating Transformation
treatment treatmen forming layer of seeding layer of polymer fibers
into diamond

lon bombardment Bias enhanced
ucleation (BBN

Hectron emission enhanced
nucleation (EEEN)

1zak T. et al., Sudy of nucleation and growth of diamond thin films 2
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BEN vs. ultrasonic seeding

Bias enhanced nucleation Ultrasonic seeding
+ high nucleation density >108 cm2 + high nucleation density 107-101cm2
— only conductive substrates + all type of substrate
— 2D geometry + 3D geometry
— complicated system (only HFCVD) + simple, fast method

el

* + < Qubstrate holder

Gas shower / { )
—_— - -

Plasma ; =

Tungsten filaments > m + I

Solution with
diamond powder

¢JH cH, CH CH,
cH, | CH beH. )

Substrate ‘—
Substrate table —>

Substrate
Water

\ Ultrasound bath

1zak T. et al., Sudy of nucleation and growth of diamond thin films 3

Nucleation — Experimental part

Bias enhanced nucleation Ultrasonic seeding

Influence of solution Influence of mixture
Effect Effect « Deionized (DI) water  » Diamond powder (DP)
of nucleation time  of bias voltage « Isopropyl alcohol « Combination of DP
with Ni, Co, Y
Izak T. et al., Sudy of nucleation and growth of diamond thin films 4
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Bias Ehhanced Nucleation

Effect of processtime (at constant U= - 170V)

30 min

3
A
z
®
4
2
=

no diamond clusters

Effect of bias voltage (at constant t= 120 min)

-120V

Ug=170v

120 min

60 min

30 min

1000

1200 1400 1600 1
Raman shift [cm”]

t=120min

Dp‘teak
G-peak
—_ Si
é c|-220v
i -, £ b|-170v
L * L - a|-120v
— — = — 1000 1200 1400 1600 1
no diamond clusters ~107 cm?, 150 =200 nm ~107 cm2, 200 +400 nm Raman shift [cm"]
1zak T. et al., Sudy of nucleation and growth of diamond thin films 5
Isopropy! acohol+Di water Deionized water Deionized water Deionized water Deionized water
nanodiamond (ND) powder ND powder ND powder-+Ni ND powder+& ND powder+Y

After nucleation (i.e. ultrasonic seeding)

10 min growth (i.e. high-lighting th
-l E+ s e

Izak T. et al., Sudy of nucleation and growth of diamond thin films
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Self- and re-nucleation

Motivation: : )
» Diamond growth without any pre-treatment —» useful for soft substrates

-

» Sudy of self-nucleation more information about growth process

& plasma character E

* Nucleation density —> ashigh aspossible — :

Definitions: Self-nudeation - nucleation (formation of diamond clusters) on non-treated
substrates

Re-nucleation - nucleation during the growth process (secondary nucleation)

(important for UNCD growth)

Bxperiments: | o, oarison of PLAMWP & VWP apparatus
« Influence of QO,, CH,, pressure, temperature, etc. on self-nucleation
* Qubstrates: 9 & SO,
« Analysis methods: SEM microscope & Atlas software (statistical

distribution)
Izak T. et al., Sudy of nucleation and growth of diamond thin films 7

elf- and re-nucleation — Hfect of GO,

. _ _ _ _ _ 2,5x10"
l i 0% CO2 |
) 5% CO2 |--f— 20x10"
f C110% CO2| [~
. B 20% CO2| | 1500

10010

50010

0%CO,
5%C0,
10%CO,

20%CO,

Diameter of clusters [mm]

Izak T. et al., Sudy of nucleation and growth of diamond thin films 8
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elf- and re-nucleation — Bfect of CH,

I CH,

0L5% CH,

0% CH,

5% CH,

Nucleation density [ cm?]
5
.

,_.
<
s

05%CH4 1%CH4 3%CH4 5%CH4 10%CH4 5% CH, & 10%CO,
FMWP PLAMWP

1zak T. et al., Sudy of nucleation and growth of diamond thin films

Introduction to diamond growth

» HPHT (high pressure — high temperature): 5-10 GPa, 2000°C
» OV/D (chemical vapor deposition): hot filament, microwave plasma

Principleof CVD Bachmann triangle

[= A Y riciinb
.
Samar _//\‘M azlivatun

e H fres redican

B eEunizn
subabe

P.W. May, Phil. Trans. R Soc. Lond. A358 (2000), 473-
495

* Trend: low temperature & large area deposition

Izak T. et al., Sudy of nucleation and growth of diamond thin films
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Deposition systems

HF CVD FMWP PLAMWP
(Hot Filament CVD) (Focused MW Plasma) (Pulsed Linear Antenna MW Plasma)
- [} TTT “T “-'-:‘ ¥ s T“
iy o | S

e e J g i

[ee—r— v 1 o

. - '.: | P
T Yy [ . ’
[]

+ Double-bias assisted + Microwave plasma + Large area deposition
system (BEN nucleation) (high quality diamond films) (20 x 30cn)
+ Fast& cheap o + Fast deposition + Cold plasma (low temperature
- L_ow ?.I.ljallty (contamination - Focused plasma diamond deposition)
~ srrc:gr]t :'?TentS)f i " (limited deposition area) + Wide range of application: (CNT
) i §|me0 ilaments - Hot plasma (deposition growth, low T plasmatreatment...)
Not advisable to add oxygen B + Fully compatible with industry
. temperature > 400 °C) .
(refractory metals burn rapidly) - Low growth rate & relatively
= Limited deposition area expensive
1zak T. et al., Sudy of nucleation and growth of diamond thin films 11

Fom MODto NCD

Effect of negative bias voltage (in HFCVD)

Izak T. et al., Sudy of nucleation and growth of diamond thin films 12
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Fom MODto NCD

Effect of methane addition (in FMWP)

1zak T. et al., Sudy of nucleation and growth of diamond thin films 13

Fom MODto NCD

Effect of CO, addition (in PLAMWP)

.
Effect of pressure (in PLAMWP) e i .

" 8 | —m-ancn
= By i %00
< an K % 8,
2 mbar Bt o ";I by emwm
T
i= i
[ :
g ™ |
5 "
an | .
- —-l'-_':""-“'_"z T _l—c—.-—. 5=
g .

(Kromka et al., 22" Diamond Conference, 4-8 September 2010,
Gar i sch-Partenkir chen, Ger many)
Izak T. et al., Sudy of nucleation and growth of diamond thin films

14
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Low Temperature Diamond Growth

Motivation: Normally high deposition temp. (800900 °C) — limitationsin applicationsto
high melting materials

NCD on AFglass (~750°C)

Few hours after deposition Few days after deposition
Solution
Changed growth chemistry Developing of new plasma systems
—> Halogenated precursors- F,and Q, (T, =370 °0) —> using of linear system instead
—> Oxygen containing precursors - G0/ H,, GO/ H,/ O,, of focus plasma (cold plasma)

or Q0,/ CH, (T, =130°Q)
—> Argon/nitrogen addition —mainly UNCD

1zak T. et al., Sudy of nucleation and growth of diamond thin films 15

§ LTDGn Linear-antenna plasma MWCVD

Source: Izak et al., Low temperature diamond growth by linear antenna plasma CvVD over
large area, physica status solidi (b), 2012 (accepted paper)

Izak T. et al., Sudy of nucleation and growth of diamond thin films 16
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§Raman spectra & Activation energy

2500 W 1700 W

1200W

L TE]
1A I -
y T
- _ _ i |
] i : I
5 5 A el
s s
] D, S
o 0 10w o e B8 e e "r 4 nin e AR e e e e
Raman shift [cm™] Camm i
Growth rate vs. Arrhenius plot
Taubstrate Tl

s
T T T T T T 4 700 650 600 550 500 450

350

354 500°C 600°C L]

i 3,54
7] | o 200w 200w E, = 6 keal/mol
- | / 50

—

15 1700 W

Growth rate [nm/h]

5] aA——A

. .- 1200w

250 300 350 400 450 500 550 600 650 700 T T T T
10 11 12 13 14

Temperature T, [°C] 1000/ T_[K"]
s

Source: Izak et al., Low temperature diamond growth by linear antenna plasma CvVD over large area, physica status solidi (b), 2012 (accepted paper)

1zak T. et al., Sudy of nucleation and growth of diamond thin films

Applications of LTDG

17

under the Brewster’s angle

diamond-coated ATRprism

[Grazing angle reflectance (GAR) spectroscopy ] [ Attenuated total reflectance (ATR) spectroscopy with ]

Inciciant beam Reflacied bearm
NECD layer

NCD lanymr : ATR prism
Al Fyar Se— a IR beam
Pyrax glass

(O. Babchenko et al., Deposition of nanocrystalline diamond films on
temperature sensitive substratesfor infrared reflectance spectroscopy,

phys. stat. sol. (b), submitted) (Z Remes et al, Using diamond-coated ATR prism for FTIR

(H. Kozak et al., Optical characterisation of organosilane-modified

NI Ny Mater., submitted)
nanocrystalline diamond films, Chem. Papers, 2011, 65(1), p. 36-41)

spectroscopy of functionalized diamond nanoparticles, Diam. Relat.

Izak T. et al., Sudy of nucleation and growth of diamond thin films
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Thank you for your attention!

This work was supported by the grant P08/ 12/ G108 (GACR Excellence Center) and it was
carried out in frame of the LNSM infrastructure. We would like to gratefully appreciate
to K Hruska, M. Michalka for &M measurements and J. Potmesil and O. Rezek for
technical support.

Ing. Tibor 12ak, PhD. , izak@fzu.cz
Ingtitute of PhysicsASCR Qukrovarnicka 10, CZ-16253 Praha 6, Czech Republic
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Per spectivesin Diamond Thin Film Technology

Alexander Kromka et al.
Institute of Physics, Academy of Sciences of the Czech Republic, v.v.i.
Cukrovarnicka 10, Praha 6, 162 00, Czech Republic, kromka@fzu.cz

Synthetic diamond thin films are routinely grown over world not only for basic research but
also for industrial uses. At the Institute of Physics (IoP), diamond thin films are grown since
2002. The first installed deposition system is base on microwave plasma enhanced chemical
vapor deposition (CVD) in hydrogen reach gas mixture (<2% methane diluted in hydrogen).
This system is well suitable for fast growth of high quality diamond films up to 5 cm in
diameter. The main advance of the system is cavity like resonator which allows running stable
CVD process for severa days at relatively high pressures (>200 mbar). Later on, in year 2008
was ingtalled the linear antenna microwave plasma CVD system which work at much lower
pressures (<10 mbar). The main advantage of this system is deposition over large area and
stable plasma for various gas mixtures (i.e. argon reach, high methane content, etc.). Bothe
these CVD techniques can be classified as complementary processes which opens nvoel field
for basic research. For example, diamond films are first grown by linear antenna microwave
plasma CVD process and after then they are hydrogenated in elippsoidal cavity microwave
CVD system. Similarly, experiments work well aso in opposite direction. Additional
advantage of linear antenna microwave plasma CVD process is so called cold plasma due to
low pressure. It means that thermal overloading of the substrates from plasmais minimized.

In close cooperation of research groups at 10P, especially Rezek’s group and Remes's group,
we have optimized the CVD process for low temperature (aluminum, glass) and mechanically
soft substrates (thin gold layer, germanium, etc.). In specific cases, novel diamond nucleation
and seeding processes have been developed to satisfy need for growth of ultra-thin diamond
film over soft substrates. These substrate-treatment process include polymer-based
composites and nanofibers. Within the presented lecture, technological steps as
nucl eati on/seeding process, the CV D growth and plasma structuring are reviewed with respect
to experimental activities at the 1oP-Cukrovarnicka. Join activities are formally under the
umbrella of CABIOM centre which is the virtual centre on Carbon-based Biomaterials and
Biointefaces (http://cabiom.fzu.cz/). Mission of the center is addressing scientific and
technological challenges of interfacing human cells and organic molecules with advanced
carbon-based materials for bio-electronic and bio-sensor applications in health care,
environment, security, and more. Selected activities running at |oP-Cukrovarnicka are
included in the present lecture. Technological progress in the large area growth of diamond
films and carbon nanotubes by the modified linear antenna microwave plasma CVD system
are pointed out too. A challenging part, diamond overcoated mirrors or ATR prisms, are
shown as multifunction optical elements suitable for detection of adsorbed or grafted
molecules. Furthermore, combination of pulsed microwave plasma with radiofrequency
substrate biasing results in growth of oriented CNTs over large area is mentioned too.
Acknowledgement: This work was supported by the grants IAAX00100902 (GAAV) and
P108/12/G108 (GACR Excellence Center). We would like to gratefully appreciate to many
researchers from the IoP, to K. Hruska and J. Libertinova for SEM measurements, to O.
Rezek and J. Potmesil for technical support and to Z. Polackova for wet chemical treatment.
There were also scientific contributions from undergraduate and PhD. students. This work
was carried out in frame of the LNSM infrastructure.
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FZU

Perspectivesin Diamond Thin Film
Technology (Review on scientific activities
at FZU Cukrovarnicka 2008-2011)

Alexander Kromka
http://www.fzu.cz/~kromka/
Rokytnice 2012
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Bohuslav Rezek and his group: Egor Ukraintsev, Marie Kratka, Martin
Ledinsky, Jan Cermak, Lukas Ondi¢
Vlastimil Jurka, Karel HruSka (SEM, EBL)
Pavel Hubik, Jifi J. Mares (electrical characterization, Hall meas.)
J. Zemek (XPS)
etc.
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% Acknowledgment to people

Laboratory of carbon technology (Dr. Kromka) httptiwens, fzu.czi-kromba
focus on focus on all purpose diamend and CHNT technology
PhD students {4}, postdocs (2), senior scientists (1)

=3 k Dl == 15 Tl
I Yo ERRrRT A R
I n. b

Laboratory of functional nano-interfaces (Dr. Rezek) it iwwsetzuce/-rezek
main (overlapping) directions: 1) opto-electronics, 2} bio-electronics
focus on study and control of inferfaces and junctions at nanoscale
merging diameond, silicon, organics
FPhD students {3}, postdocs (2), senior scientists (1)

large area CVD reactor

Acknowledgment to people

1st Faculty of Medicine, Charles University, Prague
Marie Kalb&éova, Antonin Broz, Lenka Noskovéa, Hana Hartmanovéa
Institute of Physiology ASCR, Prague
Lucie Bacakova, Lubica Grausova
Charles university
Peter Maly, Jana Preclikova, Brario Dzurnak
Czech Technical University
Vaclav Prajzler, Pavel Kulha, Pavla Nekvindova

and others: VUT, ...

R&D with industry
MPO: Modular SEM microscope (fi. Tescan)
TACR: Advanced plasma sources (fi. SVCS)
others (Zdenek Remes — fi. Solartec)
and others.
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% Funding of Diamond-Related Activities

n CABIOM center

q

terials and Bicinterfaces

I CABIOM

http://cabiom.fzu.cz

n Funding (national projects within CABIOM team)

q

2 020 o a

n Bilateral projects

q

2 o0 o a

IAAX00100902 (GAAV), KAN400100701 (AVCR), LC510 (MSMT),
P108/12/G108 (2012 - 2018) — Centre of Excellence (GACR)
P108/12/0996 (BIOSCAF-GACR), P108/12/0910 (FaST-DIAS, GACR)
P108/11/0794 (COLAGEN-GACR), P205/12/0908 (Linear plasma, GACR)
Fellowship J.E. Purkyné (AVCR)

120

+ 4 patents

1004 2 patent applications

France: CEA Sacley, CNRS Grenoble
Sweden: University Uppsala

Japan: AIST, UTokyo

Taiwan & Russia (nanoparticles)
Slovakia

80
60
40
20

total number of publications

2007 2008 2009 2010 20115

% Why new materials? — not only NANO/BIO

Excellent intrinsic properties
transmittance, conductivity, toughness/elasticity ...
Long-Time Stability
Sengitivity & Selectivity
Stability to Environment

mechanical / chemical / thermal / radiation ...

<

Compatibility to Environment
biological!
Economical Availability

large area deposition (=mass production)
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@ Why Diamond? — defined surface

FZU
Property ‘ Diamond ‘ Comment ...
Surface termination ++t+t+ ‘ -H ‘ hydrophobic, conductive
-0 hydrophilic, non-conductive
-NH,, -F,-Cl ... welcomed: molecule binding

H-termination N S
VA K -NH2, - F, - Cl ...
/C\(/C\C/C\C/C\ F_ﬂ:ﬁl Ill-;-.
| | | - -
O-termination E’h"”’}?ﬁ“
P
Hydrophobic a = 84° £ S
electrically conductive . H-;ﬂ R
L

chemical bonds

Hydrophilic a = 15°
electrically isolating

% Why Diamond? — extraordinary properties

otecad e pharmacy
criminal databases
gruamies — DNA
mutifcind tissue

MA MO tech

vilerating membranes
larfidlges. beams
acnEiars

Young - - dwodified
_amisl s surface -

chemdeal
inerinems

subsirales

mechniical pratection - breakduma -

valtage

FET transisénre
active Iochlps
nAn-ibevioes
dectrocliemisiny
active and possive dements

biaxshc phivedes
| electionic devices
| lechnelogy & analyfic lechnbgses
mew phcnomena redated to NANG-world
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% Nucleation and seeding

— Mortet et al., DRM 14 (2005)
| —> BEN Preclikova et al., Opt. Lett.ers( 2010)

¢ bias enhanced nucleaton — |

« ultrasonic seeding g‘;g'ﬂ:‘;’;‘b’ane ” SilaUbaiae

. diamond-polylmer composites (carrier)

ultrasonic seeding

cavity-like
structure RMS =5.5 nm

C: 48.5at.%

Ultra thin films!

Kromka et al., DRM 14 (2008) -
Kromka et al., Adv. Eng. Mat. 11 (2009)

Kromka et al., pss a 246 (2009)

% Diamond CVD growth

Mortet et al., DRM 13 (2004)

evolutionary selection
growth model

« growth at low T¢ (400°C) R . 50m
« growth at high pressure (250 mbar)
« large area deposition (linear antenna)

« selective area deposition (nanowires)

s 250 NM wide
4.7 um long channel

Babchenko et al.,, pss b (2010)
Babchenko et al., send to Vacuum
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% Diamond microwave CVD reactors

from methane (CH,) employing ,chemical vapor deposition“ (CVD) in
microwave plasma discharge on arbitrary substrate

focused plasma reactor large area (linear plasma) reactor

Roth & Rau AK 400

[Kromka et al., CVD 14 (2008) 181] [Kromka et al., Vacuum (2010), in press]

11

% Diamond microwave CVD reactors

focused plasma reactor large area (linear plasma) reactor
- 5 T
- 0.01 - 10 mbar

* Slow growth * Fast growth
* Nano-sized grains * Rough surface i
« Ultra-thin layers * Thick layers 12
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&% Plasma processing

d k!

Plasma etching Babchenko et al., CEJP 7(2009)
Izak et al., send to Vacuum

« etching & nanostructuring (nanorods) R I K I
O\C /O\C ° » surface treatments (O/H/F ...) S K S S
C|2/ \Cl:/ \(l: C C C\C/C\
|

Kalbacova et al., pss b 245 (2008)
Rezek et al., Sensors 9 (2009)
Michalikova et al., Vacuum 84 (2010)

SAOS -2 cells
Selective oxidation 2 days cultivation

% Diamond-related activities at FZU

Inter-disciplinary oriented R&D

« surface & interface phenomena

« surface/bulk defects

« optical phenomena (femto-spectr.)

» molecules at diamond
« cell & tissue engineering

Novel Devices & Demonstrators
* piezorezistors as MEMS

* ISFETSs as biosensors

« IDTs as chemical or gas sensors

* passivation layer (Al/graphite/quartz)
» multilayer optical composites (BAR)

Advanced Analytic Techniques * heat spreaders

« probe microscopes (AFM/KFM) * Silicon-on-Diamond (SOD)

« optical techniques (FTIR/PDS) » waveguides & photonic crystals

* microRaman spectroscopy « others "
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% “Phenomena’ at diamond surface

Inter-disciplinary oriented R&D

Osteoblastic cells plated on « surface & interface phenomena
H/O-diamond micropatterns * surface/bulk defects
« optical phenomena (femto-spectr.)

Rezek et al., Sensors 9 (2009) : g?llz:g;essu:tedrlgmggﬂng

green = actin fibers (cytoskeleton)
blue = nuclei

60 nm stripes

Cells strongly prefer diamond

surfaces with O-termination = :
(hydrophilic) compared to H- & preferential arrangement of cells
termination (hydrophobic). INto micro-arrays on O-diamond 5

@ Phenomena at diamond surface

model in agreement with general effect of hydrophobic/-philic surfaces on
proteins
cell assembly independent of diamond conductivity (B-doping)

Rezek et al., DRM 18 (2009)
Rezek et al., Sensors 9 (2009)

22%2?%2,.,

protein
core

AFM in solution

23232323232

protein core

H-diamond O-diamond
hydrophobic hydrophilic

e proteins in different conformation due to different wetting properties, those
can be locally tailored by diamond surface atoms

Details on AFM measurements: Dr. Egor Ukraintsev

16
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@ Phenomena at diamond surface

O-diamond H-diamond

osteoblasts (SAOS-2), cultured for 48 h

hydrophilic ‘

@
“ O-terminated H-terminated

€ human cell growth strongly influenced by diamond surface atoms

Kalbacova et al., pss b 244 (2007)
17

% Phenomena at diamond grains — Prof. Maly

- s C.w. laser — -
! |+ white fight Inter-disciplinary oriented R&D
— « surface & interface phenomena

- 0.8um « surface/bulk defects
Ogeﬂiﬂg 550 um * optical phenomena (femto-spectr.)
1 5 mm ]

* molecules at diamond
« cell & tissue engineering

Effect of laser irradiation on PL of NCD
membrane excited by femtosecond laser
pulses (405 nm, 80 fs, 82 MHz, mean power
density 6000 W.cm-2).

Vacuum pressure 7 Pa, room temperature.
Black solid curve — unexposed sample, red
dashed curve — sample irradiated by the
excitation laser for 60 min.

PL Intensity [arb. u.]

0.6

o
~
L

PL Intensity [arb. u.]
(normalised)

Preclikova et al., Optics Lett. 35 (2010)
Dzurnak et al., DRM 18 (2009)

o
N

560 660 760 800
Wavelength [nm]
Shift in interferences => change in thickness or in refractive index 18

60
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% “Surfaces’ studies - Dr. Rezek’s group

IS —FET devices gate

PH Dufer
R
] i o |

diamond

J. Cermak et al., DRM 19 (2010)

Synthesis of PPy

bulk intrinsic diamond

Rezek et al., Biosensors & Bioelectronics 26 (2010)

Local electrostatic charging

g2 A G

-

Ellioset al., pss a 207 (2009)

i
2 4 6 B 101214
Lataral Digtassa |pm)

— T 4 SGak B My

Tissue engineering
FZU

AFM morpholog
TAY, F

to meet specific requirements

» !M Fl »¥ . . . H
g B \ ~  Goal —tailoring diamond properties
Jl,/
\ (Kromka’s group)

Dr. Rezek’s group

Ni mask: nano-rods
as the substrate

Ni mask: isolated

Qum
Babchenko et al., pss b a 206 (2009) bstrate
Kalbacova et al., Acta Biomater. 5 (2009)

nano-needles as the
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Flsk zlda: RiE = 1030 ri

% Tissue engineering :

§ growth on FLAT or ROUGH surface

(defined NANO-topography over MICRO-flatness) Fough alde: RIS = 309+560 am
Si: RMS=<1 nm Si: RMS=500 nm

20 nm

2 ,;'EQ, F

L e i
Fluorescent image

s of vinculin (red) present in SAOS-2 cells cultivated for 1 h 21

@ Tissue engineering

FzU
Si: RMS=<1 nm Si: RMS=500 nm

48 h after seeding

NANO on NANO ___NANO on MICRO

—_— i —

What about order of many extensions and in all directions (filopodia/
proteins? !‘amellipodiza on the surface and protuberances and
nanotubes” on the top of the cell)
Kromka et al., Adv. Eng. Mater. 11 (2009)
Kalbacova et al., Acta Biomater. 5 (2009) 22
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% Novel Diamond Devices

a8 e

RED pims e

Uies b plarmeawbvboey - Seinl

Novel Devices & Demonstrators
* piezorezistors as MEMS
* ISFETSs as bhiosensors

« IDTs as chemical or gas sensors

* passivation layer (Al/graphite/quartz)
» multilayer optical composites (BAR)

* heat spreaders

* Silicon-on-Diamond (SOD)
e waveguides & photonic crystals
« others

HFa

Miss Ebmes: 0 11 77 M 4%

Kulha et al., Vacuum 84 (2010)
Kulha et al., JVC (2010)

>

FzU

Novel Diamond Devices -

FETs

PETE. 2 2 ,I?:‘""//
ra

LK g e
= =
Tl

L]

23

Solution-gated field-effect
transistors

AFM image

gate area
927 um?

uniform and continuous

Pt
3
£ rsrrER A b
£
g ediiasesnes
e )

Isensitivity to pH

nanocrystalline morphology

Solid-state field-effect

transistors
.M»{E‘;}.M_
E L]

“’k:_ffi Fc:‘f ‘fig -

gating through Al

s yeenw
ettt -
o

At rarannanis
wler

LY

=
E

gate area
28 um?

4

Clear transistors characteristics in SG- and SS-FETs !

Kozak et al., Sensor Letters 8 (2010)
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% Novel Diamond Devices — chemical sensor

* Sensor realized on NCD
« Low surface conductivity

embeded-metal electrodes in
sensor device

H H_H
Advanced:
-surface area & sensor size
Ceramic -others (simplicity...)
10 ——9,5% CO, = ]
140°C cocl, off 196 ppm NH, & [ i T
cocl on ——10 ppm COC, =1 Lo =
10° -
g 196 ppm NH, . 208 M2 800
> ; g H-terminated ALO,
2 104 19,5% CO L
g i T
2 ;
S ‘—*‘ i O-terminated Largest ASC
10° 1 : for
N,+SA N,+SA Phosgene !
10™° T T T — T - {
0 100 200 300 400 500 600 700 Why?
Time [s]

Davydova et al., pss a 206 (2009)
Kromka et al., DRM 19 (2010)

Nove Diamond Devices — chemical sensor

Presence of phosgene

a) phosgene dissolves in water
COCl, + H,0 & CO, + 2 HCI

b) CO, becomes an acid when it is mixed with H,0
CO, +2H,0 & H,CO, + H,0 & H,0* + HCO,

¢) HCl is a strong acid and dissociates completely in H,O
HCI + 2 H,0 & H,0* + CI

In Air
== H,0

H,0
HO  HO H,0
H,0

Meta]\izancm\. HJO+
A

In Air including Phosgene

/.—> *\ H,0 H.0 v >
- .\ HO™ % L HoOY Metallization
HiO[, o+ HO F0
.0 H,O" A
H
|

Diamond bulk: non-cunducting p-type surface conductivity

Diamond bulk: non-cunducting
1 electron transfer

Davydova et al., JVC (2010)
Davydova et al., Vacuum (2012) 26
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=]

L] NCD
| SEM image at angle: 45°: nano-pillars

-11 7 nm =220 nm, gap 100 nm

Complex nano-technology:
« CVD growth on quartz
« EBL at nano “scale”
* Plasma etching
« Metal evaporation
* etc.

F

Ondic et al., NanoACS (2010)

% Novel Diamond Devices — Photonic Crystals

o
¥H

*
{
|
4
'.
E

AFM image: nano-pillars height 140 nm

Enhanced
photoluminescence:
~10x

(green O red)

&S
=

v

~ 280 nm

=11

% Diamond-related activities at FZU

27

Nucleation/seeding

* bias enhanced nucleation

« ultrasonic seeding

« diamond-polymer composites

Diamond microwave plasma CVD

* growth at low T (400°C)

« growth at high pressure (250 mbar)

« large area deposition (linear antenna)

« selective area deposition (nanowires)

Plasma processing
« etching & nanostructuring (nanorods)
« surface treatments (O/H/F ...)

Advanced Analytic Techniques
« probe microscopes (AFM/KFM)
« optical techniques (FTIR/PDS)
* microRaman spectroscopy

Inter-disciplinary oriented R&D

« surface & interface phenomena

« surface/bulk defects

« optical phenomena (femto-spectr.)

* molecules at diamond
« cell & tissue engineering

Novel Devices & Demonstrators
« piezorezistors as MEMS

« ISFETS as biosensors

« IDTs as chemical or gas sensors

« passivation layer (Al/graphite/quartz)
» multilayer optical composites (BAR)

« heat spreaders

« Silicon-on-Diamond (SOD)

* waveguides & photonic crystals
« others
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% Acknowledgement to the “CABIOM” team

Laboratory of Diamond and Carbon Nano-Structures
Your partner in the carbon nano-world

diamond-silver chainlets
(jewelry segment)
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Luminiscenéni spektroskopie
(Si nanokrystali1)

Katefina Klisova
Institute of Physics, Academy of Stiences of the Czech
Republic, Prague, Czech Republic

tuminiscence Si nanokrystalt

* laser “na’ kifemiku: nahrazeni (Casti)

elektronickych spoju optickymi -> 9
Wy o

e

» dalSi moznost pouzti S nanokrystal.
luminiscenéni zobrazovani v bioaplikacich

67
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Proc laser?

e Light Amplification through Simulated
Emission of Radiation

* stimulovana emise: populacni inverze

* laserove svétlo: ,jedna“ vinova délka, nizka
divergence svazku, vysoka koherence

Laser
* aktivni prostiedi: * rezonator

— silnaluminiscence —malé ztréty

—malé ztréty (napf. —rezonétor pro konkrétni
rozptylem) vinovou délku

— populaéni inverze —,vhodné" vyvazani svétla

opticky zisk

(VL 5

68
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Luminiscence
* elektroluminiscence (LED)

* katodoluminiscence (CRT obrazovky)
* chemiluminiscence (svétlusky,
CB plankton)

« triboluminiscence,
sonoluminiscence,...
» fotoluminiscence
— gpektrum
A _doznivani

— kvantova ucinnost

Zarivé prechody
» Fermiho Zlaté pravidlo

2w
Py = = |(@ilul;)[?8(E: — E; + fw)
« HOMO 4 LUMO svalentni a vodivostni pas
« hladiny + -elektrony (diry) jsou
pravdepodobriosi "GN, (0
prechodu Fourierova transformace

reciproky (k) prostor, pasova
struktura

nanokrystaly ???
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Zafivé a nezafivé prechody

1805 T 500 ps

1>1,000ns tv,, 3ps

CRB CB Ch

Zafivé a nezafivé prechody

15ns Tt 500 us

:" >1000ns  Tu,, Jps lf“a%_—l;ﬁ,m—lL
1 1498ns 1 2.98 ps Ty Trad, * Topmors
06 T T
[
CdSe
1.0 °
0.8
° g
T 06 /\
Q . i
o4 !
o 0.2 . &
ooa.......
0.0 e LYYYYYYY
0 2 4 6 8 10 0 5 10 15
time (ns) time (ns)
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Si nanokrystaly

qluminiscence S nanokrystalu:
1991

qgkvantova ucinnost 1-5 % (10
000x vic nez v objemovém

kremlku)

ﬂinm 1 nm 1ﬂnm D'1|,Lm ulm 1ﬂp.mﬂimm1mm 1:m 1dm

WS ) |

 nanocastice, nanokrystaly, kvantové tecky

e prumér: 2.5-3nm
—600 g atoms, 6 mfizkovych konstant

 Bohriv polomér excitonu: objemovy kiemik 5
nm

PDF vytvofeno zkuSebni verzi pdfFactory www.fineprint.cz

71


http://www.fineprint.cz

Kvantové omezeni

 kvantoveé jevy ,, méni*
chovani

* spektrum (vinova
délka, barva)
luminiscence je dana
velikosti nanokrystalu

Evi Dots: www evi denttech.com

Oxidované Si nanokrystaly

. QY- 2-3%
J E oo  zafiva doba
§ o Zivota 100
=
- A0 HS
O 2040 60 10 20 30 40 &0
time (ns) b (i)
> -
: |
.E /-"J_._,___.—-""—
7 | |
§ "t
EL . = L
0 10 20 30 40 50 60
time (us) 0 10 20 30 40 0O 10 20 30 40
gale celary (s} gabe deley (us)
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Vliv povrchu

1x1x1 cm3 20 nm pramér | 3 nm pramer

pomér povrch/objem 103 300 2000
(m2/cm3)

* z oxidovanych nanokrystal(i ‘

=
\

pripravujeme nanokrystaly
pasivované methylovymi
skupinami (-CH,)
 forma: koloidni disperze
 Vyrazna zména
luminiscenénich vlastnosti

z. |

macro PL intensity|

0 10 20 30 40 50 60

time [ps)
[ oc 2000 > 100
‘- E |,. ! ;I_l'lxl:ll :'.
'500 600 700 800 £ % —
wavelength (nm) £
Y
o v
[
5 . |
Eo 5 10 15 20 25

time (ns)
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Pasova struktura a optické pfechody

fﬁr{r}ﬁba.ngl (‘1‘9: 'ﬁ]

SINCIOH  SINC:CH,

fﬂ.:"—_ _@;j _HOMO (VB)
o

E 4_‘_
a _%_

Al -

energy

real space - P. Hapala, P. Jelinek

Pdsova struktura a optické prechody

 pasova strukturai u
nanokrystall ma
smysdl, ale je nutné

brat v Gvahu i
prostorovy prekryv
* zaCina byt
,rfozmazana“
E ¥
E T
2
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Local photo conductivity mapping of
mixed phase silicon thin films

M. Ledinsky, A. Fejfar, A. Vetushka,
J. Stuchlik, B. Rezek and J. Ko¢ka

Institute of Physics, Academy of Sciences of the Czech Republic,
Cukrovarnicka 10, Prague 6, Czech Republic

WALN/ g7

Yeinie vad L7

Outline:

1. Local conductivity mapping by AFM

2.Photo response of uc-Si:H at nm scale

3. Local photoconductivity excited by 442 nm laser

1) C-AFM

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 2/16
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Conductive AFM in UHV

Congmclive e
cantilever
N

~15mm 30 mm

Y 25°

Smallé
grains
glass
0 zmd ["n]400 0 mod [ml]AOO 600

All results were measured
on 2x2 um at -2 V B. Rezek et al.: Appl. Phys. Lett. 74, 1475-1477 (1999)

on the sample contact

Photoconductivity

Open questions remain -
3/16

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM

first photo-response results

Measured on PIN diode (on the top pc-Si:H n-type layer)

[

Tondactive Canilever

Bt

Current (nA |

Phobeamrs sl Sall

e <urrees = sy Snil

' TR 2 8 K 1 u
Vebinge [V]
(] 1Y charss il of 5-59 Bolar ool

Gifu U.: M. Kawai et al.: Current Applied Physics 10, S392-S394 (2010)

« excitation from the bottom side is in practice not optimal
« this is not the first photo-conductive AFM measurement on pc-Si:H

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 4/16
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standard C-AFM

(0 BT ] 3pA (0BT 000 nm

Why there is no photo-response?

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 5/16

C-AFM

1. Cantilever effectively
shadows the sample — dark
current is measured

2. AFM detection diode
illuminates the sample and
the white light intensity is
negligible in comparison with @
red AFM diode

measurement in constant
height mode —

the diode may be switched
off but no topography

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 6/16
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C-AFM

standard C-AFM — constant force mode constant height mode

* - R ] . -
[ ] 3pA () D D) | (] S pA

* response on white light and AFM diode illumination
» when the AFM diode is on, there is no response on white light
« all standard C-AFM results = Photoconductive local current maps

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 7116

Conductive AFM in UHV

Conductive —
cantilever
I

515 mm, ~30 M

Small
grains
glass
B. Rezek et al.: Appl. Phys. Lett. 74, 1475-1477 (1999)
ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 8/16
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2) dark C-AFM

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 9/16

dark C-AFM

Real dark C-AFM Standard C-AFM

O M [ pA () T 100 pA

» ~100 x difference in photo/dark currents
« current through the grains in dark is homogenous

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 10/16
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dark C-AFM

dark |-V characteristics

(1 I 1 pA

I [ pA]

* easier interpretation
« very good repeatability
(no current decreasing —

oz
(=]

T
4

U, [ "J] typical for photo I-V)

¥ -
=10 H =]

* small hysteresis in
a-Si:H (charge trapping)

Well defined dark conditions —
Let’s start with photo-current AFM

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 11/16

photo C-AFM

AFM diode

Local light excitation (in z
axis ~ 40 nm) and local
detection — given by the tip
diameter ~ 50 nm.
Excitation volume = 10° nm3

{bottorm contact)

Typical defect density in silicon thin film 1017 cm-3,
then in excitation volume ~ 10 defects only!!!

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 13/16
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photo C-AFM

Nose type cantilever — tip may be blocked at the grain
boundary — line artifacts in local current maps and topo

standard C-AFM — constant force mode

constant height mode

SO0 nm

( BT 200 pA ) ] G0 n | ] 200 pA

Very good agreement with results measured by standard cantilever.

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 14/16

photo C-AFM

AFM diode + 442 nm laser 442 nm laser + AF

M diode

a Ul
o
© =1
3 | >
N
o o
o o
o o
o ©
> >

« clear photo-response with AFM diode on
* low photocurrent for illumination by laser only — high absorption
* I(laser+diode)/I(laser) — diffusion length rough estimation — 300 nm

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 15/16
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1. Results of standard
C-AFM measurement is
always local
photocurrent map.

2. Dark currents maps show
the same pc-Si:H / a-Si:H
contrast. Dark |-V
characteristics are well
reproducible.

(1 I 1 pA

Summary

3. Local current is determined by
absorption depth for 442nm HeCd
laser illumination. Charge carriers
diffusion length was estimated to ~
300 nm.

160 - B measured by C-AFM
e calculated by hp-FEM

140+
120+
1004

Current [ fA ]
]

T T T T T
0 100 200 300 400 500 600 700

Grain diameter [ nm ]
M W thickness = 900 nm,
t A grain apex half angle = 20°
P R T B tip radius = 20 nm

Conductivities:

X fumi a-Si: 10° S/cm, ne-Si: 105 S/em,

. -9

A. Fejfar et al., Phys. Status Solidi (a) 207, 582-586 (2010). Surface layer: 1nm, 310 S/cm

{l
r
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photo C-AFM

Cross-section of local photocurrent maps

600 -
— AFM diode

— lager x5

400 4

s ML EH

| 'a.",wL m,'hl"u-"l_L,.I,’l . H,J{-'JIUT' x5

Current [ pA]

; ! :
position [ pm) b

O I S A

For 442 nm illumination — no change in the current level from grain to grain —
- highly conductive layer on the top of the layer — parallel resistance of all grains

ICANS 24 Nara M.Ledinsky et al. Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM 18/21

Diffusion length estimation

L1

vd 05

IIaser /l(laser+diode) ~ 1/50

vd 0052

~ o -diLy . ~ ~ o4
IIas;er /l(laser+diode) IDIFF/|O - IO*e /|0 1/50 ~ e

L=d/4 ~ 300 nm

Local dark and photo conductivity mapping of mixed phase silicon thin films by AFM

ICANS 24 Nara M.Ledinsky et al.
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o Fyzikalni stav

r ' Akademia viad TR, v. v i,

SEM and AFM at FZU AVCR, v.v.i.

3rd Winter Educational Seminar

Rokytnice nad Jizerou 2012, February 1 -4

Jitka Libertinova
Stépan Stehlik

Bohuslav Rezek

Scanning Electron Microscopy (SEM)

MIRA3 LMH

The combination of high magnification,
large depth of focus, high resolution, and
ease of sample observation makes the
SEM one of the most heavily used

instruments in research areas today.

Atomic Force Microscopy (AFM)

oFTunT o
&

ne

Scanning Probe Microscopy gives an
opportunity to carry out studies of spatial,
physical and chemical properties of
objects with the typical dimensions of less
than a few nanometers. Owing to its
multifunctionality, availability and
simplicity, AFM has become one of the
most prevailing “tools for
nanotechnology” nowadays.
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The MIRA3 LMH FEG-SEM by TESCAN is a third generation of MIRA series of high
resolution scanning electron microscopes equipped with a high brightness Schottky
Field Emission gun.

Specification of selected parameters:

Electron Gun High brightness Schottky Emitter
Resolution (In-Beam SE) 1 nm at 30 kV
2 nm at 3 kV
Resolution (SE-ET) 1.2 nm at 30kV 3 nm at 30kV (W) 2 nm
at 30kV (LaB6) 25
nm at 3 kV 8 nm at 3kV (W) 5 nm at 30kV (LaB6)
Resolution (BSE) 2.0 nm at 30 kV
Magnification 3.5x to 1,000,000x
Accelerating Voltage 200V to 30 kV
Probe Current 2 pAto 100 nA
High vacuum mode <9x10-3Pa

j«Conduatjve,

&
J:{a;nplﬁs: 4

a %
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SE

SE
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Tpr kletER

In-Beam SE

NCD particles on Au

NCD layer on Au and
ceramic

BSE

Images courtesy of
Marie Kratka
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AFM NTEGRA Prima by NT-MDT is a multifunctional device for performing the most
typical tasks in the field of Scanning Probe Microscopy.

Air, liquids and controlled environment (low vacuum, nitrogen, controlled humidity, heating stage)

In air & liquid : AFM (contact + semi-contact + non-contact) / Lateral Force Microscopy / Phase
Imaging/ Force Modulation/ Adhesion Force Imaging/ Lithography

In air only: STM/ | Electrostatic Force Microscopy/ Scanning
Capacitance Microscopy/ Kelvin Probe Microscopy/ Spreading Resistance Imaging/ Lithography

Scanning by the sample, scanning by the probe and dual-scanning

Scanning by sample
Scanning by probe

100x100x10 um
100x100x10 um

Less than 1x1x1um
Up to 200x200x20 um (DualScanTMmode)
Low noise

Low thermal drift

Modular concept

Topography

.

!
100.3'nm

Illllllél“:: , I

R 1 [ Re e

& 37 IE O T
e
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Topography

M 1M

Counts (a.u.)

o

| — —
r 170 “EL k) |
Height (nm)

0.5 um Z scale=250nm
Lz = RMS roughness = 39 + 2 nm
Lx =96 nm

'r_{_r

iy % '"u

157

LeX
i ‘_'P
-ul-f
u
by
"
f
Counts (a.u )
P

L il
—
W
l.--
‘iﬂf‘
Fa
‘r.rf"
bR
B
=

R E L E LA
Phase (deg)

o
#’,
K
-
L.
.

0.5um Z scale=20deg
RMS phase =4.3 + 0.2°

Kelvin Probe
Microscopy

UDD-H nanoparticles on Au, Si tip (example)

0.5 um == 7 scale=60nm 0.5 um = Z scale=80mV

Au droplets on H-terminated NCD

0.5 um === Z scale=500nm 0.5 um
scale=300mV

Images courtesy of
Stépan Stehlik
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Lithography

c) .

LS

E)+
20_ur!1 = ‘ lo_pm : lO-p
Z scale: 2.2 ym Z scale: 25V

10_pm
Z scale: 100 nm Zscale:1.2V

AFM topography on negatively charged areas (a) before and (d) after nanoparticle assembly. (b,e)
Corresponding KFM potential maps. (c) Optical microscope image of the charged cross after assembly.

Z scale: 2.5V

1]
Z scale: 50 nm  Z scale: 1.2 V

AFM topography on positively charged areas (a) before and (d) after nanoparticle assembly. (b,e)
Corresponding KFM potential maps. (c) Optical microscope image of the charged cross after assembly.

Images courtesy of
Elisseos Verveniotis

In liquid (PBS solution)

5 T scals =00nm S ium 7 scsb =100nm

AFM morphologies of human cell on linear-antenna NCD: a) cell with filopodia extensions on H-NCD, b) area after
the cell removal on H-NCD, c) detail on the filopodia on O-NCD with higher cell density. The inset images show
AFM phase.

Images courtesy of
Egor Ukraintsev
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Martin Muller

Department of Thin films

Insatute of Physws
Academy of Scences of the Crech Republic

T"laup:ur. Crech quh]h.

Piiprava podlozek

«  Kfemik monakrystakeky ||, n*, p*)
Bl poarcha kremiku

. driranini pawm
«  Corming CTO5Y
Ol povrea cor
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Vakuové napatrovani

Piprova kovospch bondakhl AL Tl o Aw (&g, Cr, Ni, .]
| Bograficky vyrobends bovove phodety TRy prc

Rapafoyani kortakio urditich

Vakuové naprasovani

{i neba sméd vice lalsk se sejrm slechiomeldck)m siotanim
aridiL (mg]
Friprava tenkych wistey kowl 5 vysokou lepiotou iani (M. Pdi
Toirtkoned wakuum o< 107 Pa, inertni plyn [Ar) 1 Fo

Rk v im0 Sy S
ke cbomd ko 8 kewlicem
2n >Ind)

Vil energle olomd bovwe

(=1-10aV) rual
=91 av) -

alarnd k podiafce
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PECVD Labo a_ rv

Procast chomd T w-tad to BF generalor
econd wilth substale holder, 5. :.-'.1|-:!--‘-a-'-.-: srghare 180 - 250 *C

f=135& MHz

el e

Decompaosifion of SiH,, B4, and PH; in o ghvw discharge -= chemsorpdion of §

B ond P on surfoce of sampls
Plosma: source gas molecules, rodicas SiH,. hydrogen rodicals, ions

gan removing, cross linking

Dl il <Hamnhior
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-
......._

A-5iH
S0FC, S5Pa
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PDF vytvofeno zkuSebni verzi pdfFactory www.fineprint.cz

93


http://www.fineprint.cz

Influence of Gold Catalytic
Layer on Growth of Silicon
Nanowires

Suchiik!, Marlin Ledinsky!, Antonin Fejfar !, Jan Kockal, J.
Cervenka', § Bokardjisva’

a. ey Martin Muller', Dal Phuvec Duang’, The Ha Sluchiikowa', Jir
FZ0

> ...

Silicon nanowires by PECDV

AL hagtedidon » Cleaning of Coming Absrgle in Franhg H goled o H i-...'L_"_.
ConTeng _' Yacum avaporatlion of 7Y, P9 AL wine from ongrlen boadl

et :1|'--_; i wacum chombear for 15 mdnoagl 35000

i B = PECVD ol Siicon under condiions for o-5 depcsition
conns (R V' crowm)
pewisire of 100 PO et o ddubon 7 soorm iones w10 oo hydssgen
i g PF g=war 011 W =/l insguansy 1184 RiHE

Absorpfion of & in malal paricles
Eoturntion - nucleation site or crystallization
10 growdb
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Silicon nanowires

—— Poantlan B, T8% nm laser.

Mixed crystalliine and
silicon

amorphous
composition at whole

\

— Position A, TAS5 nm laszsr, L r of 5i nanowires
] —— Position & 442 nm laser // = v

6000
i sead
&
4000 4
) 28 o Crystalling siicon !
230001 W composition at upper
E P of Si nancwires
= layer o
1000 - i
o 4 nm __-,_4}
300 %0 4D0 450 500 50

Framan shift (em")

Silicon nanowires
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Conclusion

* Increase in the size of gold particles with increasing
thin film thickness

» Decrease In the diameter of nanowires at their base
with Increasing thin film thickness
& 2.1 nmgeld thin film -> 70 nm average diameter ol
nonowires
o 3.9 nmgeold layer > 54 nm average diameler of nanowires
o 4.9 nmond B.2 nm gold layer -= 45 nm averoge dicmeler

= The layer of 51 nanowires has a mixed crystaline and
amorphous silicon composition
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SUNS-V,. METHOD

of IV Curve Measurement
of Photovoltaic Cell

Vlastimil Pic, Petr Pikna 1/2012

AL L]

IV characteristic oA
measurement

- FV cell sample

- IV characteristic of FV cell

- Current measurement method of IV
- SUNS-Voc method

24/10/2012 2
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FV cell sample SR

Poly-Si thin film solar cell
p+ 100 nm - Anode

p 1500 nm
n+ 100 nm - Cathode
SiN 200 nm

Borosilicate glass substrate
14x14x 3 mm

2. Sf

IEmm. T TR
: _ Borasilicate Glazs

24/10/2012 3

Diode in the Dark S

' —
1.4 el
v .

oA ilumisabion, 3 solyr cell has the zame -
r R ING Al s I EihcE a1 S
]
nkT

24/10/2012 4

PDF vytvofeno zkuSebni verzi pdfFactory www.fineprint.cz

98


http://www.fineprint.cz

Diode under lllumination

Ik

FV cell is a source
1l

i

Light

S dRimenAhnn

Light

fofoo( ) 1]

24/10/2012

Diode — Source

&
| Ligm

\

Lt

24/10/2012

oY o'

S tha coll B genaraling powar the

SO Alon

S by AL IhE CUFTERL s
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AL FR
PNy,

Light Intensity W,
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SRLAT

Current-Voltage Method ~ <.#.”

I A
Light comni Light

vV @ % *Jf?(

Direct measurement of voltage and current (V and 1)
Standard Testing Conditions: 25°C, 1000 W.m2, AM = 1.5

Y

1000 W.m2 =1 SUN

24/10/2012 9

SRLAT

Current-Voltage Method ~ <.#.”

s

E
o {
= |
:'JT | oy Dy ER, ¥
e J.;" i }r.
T .
i [ o o V+IR,
I=ly—Iyle™ -1f-tyle™ 1|~

Ay, A; - dinde deality faciors, [y, [, - dark saturation currenss
R, - cefies fesatance, &, - dhint resistance

Direct measurement of voltage and current (Vo and lgc)

Max. gained power = IV,

24/10/2012 10
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RN

IV Curve by Suns-V,, Method "

Wafer-based solar cell — metallized,
common Current IV measurement

A .. Metallized thin film solar cell
J tmﬂ_ o " (CSG Solar sample)

Trakr'  Cmiwe gk

Tespared plises

+I ighi In

Thin film solar cell (in production)
no metallization —
— high series resistance of the contact

o — current IV measurement brings error
Enresilicais Glass

i" 3mm

24/10/2012 11

LT o A

Suns-V,. Method S

Current — Voltage method: Direct measurement of V and | (R1)
at const test conditions 25°C, 1000 W.m2, AM = 1.5

SUNS-V,, method: Direct measurement of VV and Light (P|)
at constant test conditions 25°C, AM = 1.5

Flazh Light

24/10/2012 12
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Isc asuny™ €

ns-V,. Method

24/10/2012

Su

—
=]

o
o

Light intensity (Suns)
=] o
- [=;]

o
(]

5 0
Ve Ul V

Ve = f(Light Intensity)
lsc at 1 SUN (ie. 1000W/m2)

ns- V Method

s aaaa
W W oa @ oa
Open-circuit voltage (V)

PN SRR O PR
o
—

--a.-o

.000 0.010 0.020

Time (s)

RLNT

13

RLNT g
F,
{_f

Light intensity decreases gradually — Quasi-steady-

24/10/2012

State
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L

Suns-V,. Method SR

I=l,(1 - Light intensity)

I,. .. short circuit current, input parameter measured by
other method

1zr 1 T
Vo 40
1 SUN i e Bso
10 L | 0t 2 -:E 15 Suns-v,,
E b\ 4 | FiAT = 21.3%,
9‘?-"3 | b 2 ‘S | v FF = (LEIS
= \ Bt 2 ; 5 IV earve
B 06 P = | Eif= 108%
£ vig £l FF =816
E 04 NG =
= LEaR £
] -
=02 b o g —5 84 000
- g 3 —1 5 |
00 i
nann 0020 i hLi5 5 075
Time |5} Valtage (V)
dc.'l'lrﬂ’:.-‘t {1- Light inbansiy |
24/10/2012 15

L
AL,

Suns-V,. Method 2,

Searched IV characteristic -~ —
CEETEE

I=f(V, P=1000W/m2) |

Measured input values

il ] P=f,(t) (1)
i V=h() ->t=1,4(V) )
Math equation Eq.
I = Isc(1-P) ?3)
Only input parameter
measured by Substituting (1) and (2) into (3)
other method
P=f1(f,(V))
I = Isc(1-f,(f,(V))) ->1=1f5(V,1SUN)
24/10/2012 16

PDF vytvofeno zkuSebni verzi pdfFactory www.fineprint.cz

104


http://www.fineprint.cz

Suns-V,. Method 8

lNumination at Refers=nce Cel and Test Cell Yoo

£

§ 10C %H i::—g
QO & L
Qf(/ z "-\ m
S F. g
BN el =
®§ = o kb “E
S =) P \ K.
R N |
"I TWECT AW AMSl (0SNG oD 1SDi £SiT LEDE
Tima {sac)
Pesudo Light [V Curve withoud the EMect of Rs:
s o
o S.T‘.m. E
& B £
NEU- i g
T 5
Q/O\) g (] E
[ & BT ‘51‘;
24/10/2012 ‘ih om  om  om L= 1w i@ um:“::l 17
oltage (V)
. _ﬂ}q‘:"..ﬂ_l Ly 2 i
ﬂ,.'
Comercial Suns-V_. SetUp “.2.
Flash Light

Measured
FV cell

24/10/2012 18
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L 7T

Comercial Suns-V,_ SetUp .2

Flash Light
Electrical Diagram for Suns-Voc
oy b '|I L

Naduranca cull % Obin regisns

A 100 ohan, 1 1Ibat SRS
Light \‘ Raf call t’HﬂMﬁuranuunm Dl Bl uitioen x 2 el
| | inear from & in 0.5V |

Iatioral nstroments
FEET11 A0 card

Probe contoct o dala
aczulsitizn CH

_l. e o
l:‘hnﬂ.nmln:tlu
g" data acquiskion

Thesmcster
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SUNS-Voc Experimental Setup . 3

Electrical Diagram for Suns-Vec at FzU

Heleence call

" 0w
Light
ih .\::.

20 Mehi 20aF, Tkl WO
CHE maf ight cestzet o Daia AcquisHon

{ Linaar for 0 ks ¥

[ USE Digital Scilasbap

1k Lhm resminr

¥robe comact b dita ceanEA
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& UsE ¢
P = oo JI_ i
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|. rc B
Lhwck contactin =
| dany acomlsiinn
'|" = LSE
! o Xazemave | Welleman B9 board
Tl s —
L "'H. Flash Light ignitisn rigaEE
24/10/2012
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'I,:.L RLAT g %

SUNS-Voc Experimental Setup “.®.*

Light intensity DC-DC 5V/35V

Motor Z-axe

Light intensity measurement tip

sensor

Motor X-axe

FV cell voltage
Poly-Si thin film
FV cell

24/10/2012 21

bl e,

SUNS Voc at FzU - parameters “.2.*

Reference cell: Light intensity ~0.005 - 7 SUNS (7000 W/
Output: 0-8.5V
Supply: 12V-36V

The following can be controlled from Local control board and via PC

Flash light ignition
Measurement tip motion: X-axe 16mm track, 184um step
Z-axe 10mm track, analog control

24/10/2012 22
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End
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Potential for nanotechnology approachesin the production of
crystalline and thin film silicon solar cells

Ale3 Poruba, Radim Batinka, Pavel Cech, Pavlina Barinkova, Jiti Hladik, Igor Mudron
and Jaromir Rehak
Solartec, s.r.o., Televizni 2618, 756 61 Roznov pod Radhostem

Increasing the solar cell conversion efficiency together with reducing their

production cost are the trends of the last years which are necessary for the near

future grid parity of “the energy from the sun”. This paper deals mainly with the

first part of trends, i.e., with enhanced cell efficiency while keeping the

production cost nearly the same or even lower taking into account the potential

for the implementation of nanotechnologies in both monocrystalline and thin

film silicon devices.
Continuous progress in decreasing the final price of the energy produced from
photovoltaic is based on reduction of the production cost of solar cells, keeping the high
production yield as well as on enhancing the cell efficiency. Standard c-Si cell production
sequence with screen-printed metallization. Usually 5 or 6° mono or multi-crystalline
silicon p-type wafer s are used as the substr ates.
Individual steps can be realized as the batch or in-line processes, where in-line procedures are
preferred for the multicrystalline silicon solar cell production. For the final product —
photovoltaic (PV) module — solar cells are soldered into the strings (mostly seria
interconnection) and are encapsulated into the sandwich structure glass - EVA foil — solar cell —
EVA foil — Tedlar foil.
Contrary to “bulk silicon“ PV structures thin film S solar cells (based on either p-i-n single
amorphous silicon cell or tandem structure amorphous — microcrystalline solar cells) are grown
directly on glass (sometimes “plastic’) substrates covered with TCO - Transparent Conductive
Oxide (ZnO or SnO2) making the electric contact to the thin p+ silicon layer. After the PE CVD
deposition of all individual silicon layers (boron doped, undoped and phosphorus doped) back
contact is usually formed as non-transparent by sputtering aluminium or silver (sometimes as
the double layer thin TCO + metal). Subdivision of the whole active area into the individual
cells and their material interconnection (to increase the generated voltage) is realized using
various laser scribing steps before and after PE CVD processes.
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and

Qutline

» Production sequence ol standard ¢-51 solar
cells on p-tvpe substrates

» Standard and advanced characterization of
wafers and solar cell structures

+ Modeling the cell performance by PCID

* The way how to exceed the cell eftficiency
ol 20%
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* clean room

Infrared helt fnrpace
(6 imdependent somes)
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Standard and advanced characterization

- optical microscope (= 5 = sneat resistance
(oblgue light) "",:"".mgz:;,:ﬁ'hm |'| by d-point probe
J = concentration profis
[%Irds. 5RP, ECV)

« SEM or AFM .
= sandara remagarscus || | 5 cmmam

cmitar (50 (17 4 E-ﬂ ".\-}Q

w I i_‘ P23 remensal l'\;' .}“\\\

= gptical reflectance / RICA wal deafing
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= Nolse dingnostics

 Suns-Voo© method (pseudo I-3 curyve
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Il

e s e

Each characlenzation method contnbutes Lo the
detection of “problems™

BUT

they are nol able w wdentily the cause and origin

!

* necessity of ,.step by step” moni-
toring of some . typical” parameter

= {muinority) cacrier lifetime (or carrier diffusion
length) is the most important parameters
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Diftusion length and carrier lifetime

L=(D.1)"* /
1000
//

Diffusion kengih (um)

il / =30 cmis’
=

1E-G 1E-5 1E-4 1E-3
Bulk lifetirms (2)

COMCSIL traticn
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Surlace recombination as a specific problem
for the bulk lifetime measurement

rsagured lifelime {s)

ud-an LAk P i il
! w ot oaw ot ' o wt
surface recornbinalion walscily (cm'e)

Modelling by PC1D program

AR e
DpaER C Com §RTGTIR ) el TiEmE e
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1= T 3= 400t s
.
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Modeling the solar cell performance (PC1D)

Parameters of selar cells and their impoct on performance:
= carrier lifetime (1-300 ps)

« recomhination velocity at the rear side ( 1000-10 cm/s)
= bk resistivity of the silicon wafer (1 or 3 Goem)

= sheet resishvaty of the n— layer (30-90 Q3 sy, ) (depends on
the: surlace concentrabon and depth ol doped laver)

= recomnbination velocity at the frost side (105107 cim/s)
« optical reflectanee (surface texturing and ARC coating)

= thickncss of the silicon wafcr (240180 um)

PC1D — external quantum efficiency

Bt T
=== Wl b i S 10 o

— AT cmal
—== 1 e B AR

P
llll 0 - S -

A LA T A T
==k TRy P P i)
LA R T
L S e Y S
o L] ] (2] 70
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Modeling the solar cell performance (PCLD)

s
i

SReihldgidy
i !!?5?!5?5?5-
i iy

sy (]

PCID — mfluence of water thickness

L
All the ealeulation : b A
until now done with wf

“defanlt™ parameters Eon
of internal reflectivity

ey %
¥
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PC1D — influence of internal reflectivity
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The most important paramelers and how Lo
achieve and keep their high quality values

1. Carrier lifetime (gettering technigques, clean rooms
for the high temperature processes as well as for the
ctehing/cleaning/drying lines)

. Fromt surface recombination (structures with
selective enutter + donble layer ARC)

3

3. Back surface recombination and internal reflectonce
{rear surface morphology modification together
with diclecine surlace passivation and local pont
contacts - advanced light trapping structure)

Surface morphology modification by APPCE
{ Atmospheric Pressure Plasma Chemical
Etching) — EU project N2P

nlsTE QA%
PLFD# DI WASTS g2 #och gas | atch gag waste gRspurge gas
| i W, § il x |
o

i

— - et EIEN ZEE
| | III| | i
teabed yobstraie macin-
T rdrien wlih v e
EF, (1 sim) P, + O (1-1 =m)

Fl BT

Optimal pyramid angle at the rear surface 133 ® (optical modeling)
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Conclusion

= Standard solar cell stucture with Al back contact -

limitation of the cell performance to the value below
19% (due 1o hmited quality of BSI' formation as well
as rather low mternal reflectivity)

The only way how fo surpass the efficiency aof 20% for
pivpe o851 materiol;

« Advanced light trapping scheme - the rear side with
dielectric passivation (layer with fixed negative charpe
or BS boron dilusion)

= Selective emitter structure (as a single diffusion
process) with double layer ARC (5102 + 5iNx)

Note

PCID modeling was done taken tnto aoconnt.

« 10 % losses {4-6% for front side metallization
shadowing effect and 4% reflectivity of the free
alass interface after cncapsulation)

» “Constant” reflectivity of the front side [struchure
of random pyramids with the single layer
antirctlective coating)

wh Thomk ywou
el = for your aHtenion
A

&

Sessy

gt

121

PDF vytvofeno zkuSebni verzi pdfFactory www.fineprint.cz



http://www.fineprint.cz

Optical propertiesof thin NCD films

Zdenek Remes, Alexander Kromka
Fyzikalni Gstav AVCR, v. v. i., Cukrovarnicka 10, Praha 6, remes@fzu.cz

Ingtitute of Physics (FZU) of the Academy of Sciences of the Czech Republic is a public
research institute, oriented on the fundamental and applied research in physics. The
Department of the Optical Materials has a long-term experience with characterization of the
optical and opto-electrical properties of thin films started in 1983 with a M. Vanecek’s paper
Density of the gap states in undoped and doped glow discharge a-S:H, Solar Energy
Materials 8 (1983) 411. Today, the Department of Optical Materials focuses on the
technology of preparation and processing of the bulk and thin film materials for optical
applications using Bridgman method, MW plasma enhanced chemical vapor deposition,
hydrothermal growth, reactive ion etching and plasma grafting. Among the investigated
materials we mention for example scintillation crystals and glasses, ZnO nanorods and
nanocolumns or nanocrystalline diamond (NCD) layers. These materials and other ones
obtained in the framework of external collaborations are characterized by the
radioluminescence, photoluminescence, time-resolved photoluminescence with ns resolution,
photothermal deflection spectroscopy (PDS), photocurrent spectroscopy and Fourier
transform infrared spectroscopy (FTIR). Other characterization methods available are electron
paramagnetic resonance (EPR), electron spectroscopy and thermal analysis of properties of
solids - conventional Differentiad Scanning Caorimetry (DSC) and the Temperature-
Modulated DSC.

Mgr. Zdenek Remes, PhD. is a permanent contract researcher at the Department of Optical
Materials of the Institute of Physics. He is experienced in optical properties of thin films
with H-index 16, number of the published papers 61 and citations 589. Z. Remes defended his
Ph.D. in 1999 in solid state physics and material science at the Faculty of Mathematics and
Physics of the Charles University in  Prague. As post-doc he had been working abroad in
several internationally reckon laboratories in diamond semiconductor research such as the
Institute for materials research (IMO), Hasselt University, Belgium; the Solid State Institute,
Technion - Israel Institute of Technology, Haifa and the CEA/Saclay France. He has been
responsible recently for several national and international projects, including the cooperation
with the Ingtitut Néel - CNRS, Grenoble, France; Slovak Technical University, Bratislava,
Slovakia; East China Normal University, Shanghai, P.R. of China, Institute of Semiconductor
Physics Siberian Branch of Russian Academy of Sciences, Novosibirsk, Russia and the
Institute of Automation and Control Processes of the Far Eastern Branch of Russian Academy
of Sciencesin Vladivostok.

In this presentation we summarized the selected optical characterization methods available at
the Department of the Optical Materials which are suitable for characterization of the thin
nanodiamond layers.

We acknowledge the project P108/11/0794 (GACR).
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Optical propertiesof thin NCD
films

Zdenék Remes, Alexander
Kromka

Fyzikalni dstav AVCR,v.v.i., Praha

Optical spectroscopy team

Mgr. Zdenék Remes, PhD.

- team leader, supervisor, project manager

Mgr. Halyna Kozak, Ph.D.
- ATR, GAR FTIR, DLS, SEM, AFM, sample preparation

Mgr. Jakub Holovsky, PhD.
- FTPS, IR microscopy, PDS

Ing. Lenka Hodakova
- FTIR spectroscopy, T&R spectrocopy, photoluminescence,

interference refractometry

FZU
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Equipment

« Mid IRFTIRNicolet Nexus 400-4000/cm, N2
purged
- T&R ATR GAR angle resolved R

* Near IRFTIRNicolet Nexus 20000-2000/cm
- FTPS step scan FTPS

 Photothermal deflection spectroscopy (PDS)
250-3000 nm

Laboratories

e D17: air conditioning
— Photocurrent spectroscopy (CPM, FTPS
— el. measurements
— FTIR
» D301: UV-NIR, ozone exhaust
— Photo-thermal spectroscopy (PDS
— Seady state PL ..o o
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New Laboratory of Infrared
Joectroscopy

“Clean room”, air conditioning

flow box (soft chemistry)

N2 purged FTIR400-4000/cm : T&R ATR, GAR

» IRmicroscope extended to visible
— Magnification 10x
— Yoace resolution @150, 100 and 50 pm

Zdenék Remes - 2012

Photothermal deflection
spectroscop

*M1-2: mirrors
*B1-2: beamsplitters
«L: laser

+D1-5: detectors
*L1-4:lens

*V videocamera

*S sample

«150W Xe or 150W halogen lamp
«Sample in transparent liquid
eSpectral range 250-3000 nm

Zdenék Remes - 2012
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LU-Spectrometer & microscope

DPC:
«200-1000 nm
«30 W UV bias
eac 1-50 Hz

.=+ Micro-Transmittance:

; +300-1100 nm
| +@20-1000 um

Photoluminescence:
*SSL 200mW, 532 nm
*400-1600nm

*Res. 2,4,8,16,32 nm
*APL Si, InGaAs
«100-1000 Hz

ac Electrolumin.:
y  +0-500V

«0-80 mA

«0-20 Hz, TTL
*400-1600 nm

Zdenék Remes - 2012

Thin film optics - Motivation
* Weinvestigate
— Optical quality =low optical absorption and low
scatteringin UV
— Hectronic quality = high mobility, long lifetime of
photoexcited carriers
— Color centers
 Achieved by: optimized growth conditions
post-processing
» Defect characterization by Zdenek Remes:
— Transmittance & Reflectance spectra (T&R)
— Photothermal Deflection $ectroscopy (PDS
— Dual beam photocurrent Spectroscopy (DBPS

— Fourier Transform infrared spectroscopy (FTIR

PDF vytvoreno zkuSebni verzi pdfFactory www.fineprint.cz
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Reflectance interferometry

0.5
2012-01-30/NCD on glass
0.4 60 nm
—=—100 nm
—e—380 nm
o 03
5 A
8 K
@
% 0.2
o4
(3
[ d
0.1 o
o
(]
0.0 T T T T T T 1

T T
0.5 1.0 15 20 25

T
3.0 35 4.0 4.5 5.0

Photon energy(eV)

Zdenék Remes - 2012

Optical absorptance and scattering spectra

NCD on quartz immersed in CCI4..
d=814nm, rms roughness =33nm,

100 n=2.35+ 0.02/A2, A in um
'\;\ :
80+ U ¥ ﬂ-,- ¢
< 604 ——T o
g ——R
= 100%-T-R v .
F 40 PDS
m LC

1 2 3 4
Photon Energy (eV)

Z. Remes, presented a Diamond 2009 - the 20th European Conference on
Diamond, Diamond- Like Materias, Carbon Nanotubes, and Nitrides,
6-10 September 2009 in Athens, Greece

Zdenék Remes -

NCD on glass in transparent liquid

Multireflections and interferences
=>film thickness

Surface scattering =>roughness

Ftting T&Rusing scalar scattering theory,
Exponential Cauchy:

n=ny +n,/ A2 & k=kexp(k,/A)

100% T-Ris scattering not A

Optical Afrom PDSnormalized by LC

1004

104

A %)

s Lc

0.1 T T T T )
0 1 2 3 4 5
Photon Energy (eV)

2012
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Dual Beam Photocurrent Spectroscopy (DBPS

DBPS= continuous UV illumination to keep
100 T T T T T 180 mobility-lifetime product constant + amplitude
modulated photocurrent spectrum in UV-VIS-NIR.
Typical intrinsic, oxidized NCD/glass DC ~ 1-10pA
(provided by focused 30W D2 lamp), AC ~ 10-1000fA
at 500V, 10Hz, 150W Xe lamp
n Photothermal methods: total optical
absorption dominated by non-diamond content
in and between grains and “black spots”
=> sensitive to the “the worst part of the
sample”

=
- o
L I

Phase(deg)

o
e
L

PDS (%) & photocurrent (a.u.)

T Pos phase n  Photocurrent: only the absorption processes
1 phase generating free carriers in the valence or
o 1 2 3 a4 5 6 conduction band

Photon Energy (eV) o #1: nO:ﬁ-SOng |im'fszte0d“m?:57§tlgg'st of the sample”

e __#2: optimized deposition

e #3: optimized deposition, post-deposition
etching of residual non-diamond
containation in boiling H,S0, + KNO,

*  #4: the same as #3 after anneal at 450°C=>
NCD stable up to 450°C

¢ However: We see ,apparent” opt.
absorption, influenced by light scattering

-180

0.01

71000

.

Q

=]
n

=
S}
n

optical absorption coefficient (cm:

01 0 i é é "‘ é é [1] Z. Remes, DOI:10.1016/j.diamond.2009.02.007
[2] Z. Remes, DOI: 10.1002/pssa.200982211
Photon Energy (eV) Zdenék Remes - 2012

CONCLUIJONS

eInterference fringes => the thickness of the thin layers
*Optical absorption in thin nanocrystalline layers
edominated by grain boundaries
*Monitored by T&R, PDS
*Photosensitivity of thin nanocrystalline layers
Electronic quality
« localized defect states inside grains

emonitored by the DBP, CPM, FTPS

Zdenék RemeS - 2012
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Stem cells — open opportunities

Institute of Bxperimental Medicine ASCR, V.v.i.

Nataliya Romanyuk PhD
February 3, 2012

What stem cells are? Their main features
What kind of stem cells we know?

Methods to obtain stem cells

Stem cells open e
opportunities for
biomedicine and
fundamental science

® Progress in stem cell
therapy
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Stem cells are cells found in all multicellular organisms,
that can differentiate into diverse specialized

cell types (potency) and can self-renew to
produce more stem cells ( )

single cell possess the capacity to create

more stem cells

Self-renew the ability to go through numerous cycles of

cell division while maintaining the

undifferentiated state (asymmetric division)

Potency
cell types

the capacity to differentiate into specialized

Research into stem cells grew out of findings by Ernest A. McCulloch
and James E.Till at the University of Toronto in the 1960s

POten Cy Eastocys
Totipotent b~ iﬁ;--"""'“?;h
ey D N ';:Q.I },\
o8 - 1; :‘., E_‘:‘:‘ﬂ == Human Fetus
PETT -..-.{",V.‘
Pluripotent Plifipotent - ey ... multipotent
e Mt ot stem cells...
Multipotent L -'255.5 @ -
= ;:' fp |
Circulatoey System i ¥ i‘lrrmnei:m:em
Mervous Sysbem
Unipotent
Unipotent
Maturation
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Multipotent stem cells —__ Fetal stem cells

Adul(stem cells ,,, D
3

from bone marrow, umbilical cord
blood, placenta, adipose tissue,

olfactory mucosa cells, nervous l
tissue mammary gland, testicles....

How to make them work???

Multipotent stem cells

Advantages Disadvantages

Some of them can be easy ...in small number
obtained, but....

Safe from tumor formation Difficult for cultivation,

have a very short life time
No ethical issues

Lower proliferative and
Possible obtaining and differentiative potential then
transplantation to the same pluripotent stem cells have
person (autologous
transplantation)
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However, multipotent stem cells are
broadly using in research and even in a few
clinical trails

Leukemia treatment Big progress
Wound healing

Stroke ??77??

Spinal cord injury  Altogether 65 people took part in this
study (35 with complete lesion)
Some studies are already running
longer then 5 years....

Cells not capable of growing into a whole organism
but able to differentiate into any cell type in the body

Pluripotent stem cells

/ \>

Embryonic stem cells Induced pluripotent
~stem cells

L

= T el
=

T S
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Human Embryonic Stem (hES) Cells

(Thompson et al, 1998)

wwawsciencemagorg SCIEMCE WOL 282 & NOVEMBER 1938
REPORTS

Embryonic Stem Cell Lines
Derived from Human

Science

Blastocysts
Jamas A, Th * Joseph Eldor, Sander 5. Shapira,
Michelle A. Waknitz, Jennifer ] Swiergiel, Vivienne 5. Marshall,

Jaffray M. Jones

Early embryo — blastocyst
(human 4-5 days, mouse 3.5 days)
«donated for research purposes — written consent
*no monetary compensation

Blastocyst = trophectoderm + ICM (embryoblast)

* Removal of zona pellucida (pronase treatment)
* Isolation of ICM by immunosurgery
* Placing ICM onto a feeder layer of MEFs (CF-1)

e Culture in appropriate media
(DMEM/F-12 with KO-SR and FGF-2)
* Hoping for the attachment of the ICM
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Observation of significant outgrowth
of putative hESCs

The first passage — mechanical disaggregation

TRA-1-60

pictures are kindly provide by Dr Ales Hampl

Derivation of hESC is not a 100% successful process

lotpatent
Morula

Pluripotent
Blasiccysi

- h 10 morulas 88 blastocysts f ;
g 100% 100% ﬂ .,, E b 0
\ 4 \ -
83 isolated ICMs (?)
94%
\
1 attached morula 57 attached ICMs
10% 69%
\ \
No hES cell line 14 hES cell lines
0% 24.6%
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International Stem Cell Initiative

(International Stem Cell Forum — Prof. Peter Andrews)
Centre for Stem Cell Biology & UK Stem Cell Bank

1
* 63 hESC lines
« 17 laboratories
« 11 countries

o -
Bh o= 04 1Mo i T T 'I*n'l_Tl_n.'n

bl b e D a3 SRl

YSRRAET R AR R

al

Legislative

P Rl
_F'a . - S

(e ]

Ausiren apan

The International Society for Stem Cell Research (ISSCR) provides a
survey on regulations regarding the therapeutic use of stem cells
worldwide (www.ISSCR.org) and recently approved Guidelines for the

Clinical Translation of Stem Cells (December 3, 2008).

In the European Union, the Directive 2004/23/EC of the European
Parliament and of The Council (called ‘Tissue and Cells Directive’, from
March 31, 2004) and Commissions Directives (i.e., 2006/17/EC and
2006/86/EC) regulate standards of quality and safety for the donation,

procurement, testing, processing, preservation, storage and

distribution of human tissues and cells.

In most countries, the derivation and use of human ES cells is

controlled by specific guidelines or by law. For instance, in the Czech
Republic, 1st legislative act about the use of ES (277/2006 Sb) regulates
the import and use of pluripotent human ES cells in basic research.
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B 19

Induction of Pluripotent Stem Cells .
from Adult Human Fibroblasts efficiency

by Defined Factors
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Pluripotent Stem Cells open opportunities

Food for thought

Promise for biomedicine *Mechanism(s) of self-renewal ?
Mechanism(s) of differentiation

arrest — the cancer paradigm ?

*Replacement therapy
*Drug development *Symmetric/asymmetric division ?
-Disegsg modgling «Cell cycle checkpoint(s) ?
*Toxicity testing «Mechanisms of differentiation ?
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Replacement therapy

Potential uses of

Stem cells

Stroke . Baldness

Traumatic brain injury :
Learning defects— /'5#
Alzhglmer:s d!sease : Deafness
Parkinson's disease %

Blindness

Amyotrophic lateral-

Missing teeth . sclerosis

Wound healing
Bone marrow

infarction

transplantation i :
(currently established) uscuiar

i W | dystrophy
P corclinkry Sy 3 "% Diabetes

Osteoarthritis (25NN B4 Multiple sites:
Rheumatoid arthritis Crohn's disease  Cancers

dubm

[ETEITRE . JTE1 31T, 53

arsiorosyles derved Tom hooran emezeoric slesm
cells nopro sursiesigoiors enhznos banchon ol incarstes
rat hearts
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STEma CrIS
Eubrynaic S1ea CeLis Pancreas

Ciepwralivo af Lnsolio-rodocing Lskel-Likae Closicers Toom Homan
Lrobryomic Stem Cells

e Jore " My A Bosssun Lo s Bsoreien® Suecouy heaeo 0 Cues P!
Ao = RLacanar”

Expression
of islet-
specific
25 % hormones
C-popticdo ] in hESC-

¥ derived
budding
islet-like
clusters

STEM IS .
Farevomne 5w s I— ver

LeMicient itfe rentizcliem ol Fumclivaal Hepalocy Les Drom Hurman

Lbryonie Ste Cells

A T T
L Human
embryonic
stem cell
(hESC)-
" derived
T | hepatic
' ;" cells
B [ exhibit
B hepatocyte
1. _like
functions
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Neural differentiation: two main stages

Stage | Stage Il

Itsykson P. et al., 2005,
@ el \ Mol Cell Neurosci

motor
poly-D-lysine and Iammm-coated dishes
poly-D-lysine and fibronectin for glial linéage) neurons

Itsykson P. et al., 2005,
Itsykson P. et al., 2005, Mol Cell Neurosci Mol Cell Neurosci

Spinal cord injury

in vitro rat balloon compression
differentiation lesion model
|nt0 motor
neurons

behavioral testing

during 2 months after
spc 01 3— transplantation
|MR90 NPs -
immuno histochemical

and morphometrical
analysis of grafts
2 and 4 months after
transplantation

transplantation of a cell
suspension into SCI7 days
after induction

R

FACS analysis
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Stabilization Principles of 111-V Semiconductor Surfaces

O. Romanyuk
Institute of Physics, Academy of Sciences of the Czech Republic, Prague

Outline

111-V semiconductor reconstructions

- Surface reconstruction principles

Surface structure of GaSb

- Temperature effects

Surface structure analysis of GaN
- GaN(000-1) (1x1) structure analysis by LEED I-V curves

- Optical properties by REELS and DFT calculations

Biocompatibility of semiconductors
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I11-V compound semiconductors

s 2 1% AT o1 a4 1 A 4t I Zinc blende Waurtzite
. T e
o ! - ]
' Perizdic "ahe )= o . %
=] ul i Floromci " - f‘ —
. [ w | HEE d |
g - - or T d b k'r ks
AR A e L% L'I'"L"-"‘
e T T T T T T L [
i L L P F | [ERE LY AT A 0N L L [ Wl
c[ca[re[aalir 2 W R S w1 he 1% Il Fe| 1| Fe ot [ o \-';__‘L—g—' -
- S L e L 1
N N P N L - el PRI
GaP, GaAs, GaSb... BN, AIN, GaN...
[N . . .
E e e pre Lattice constants and optical properties vary
1 F A adaec gap| 4 250 for different 111-Vs
E H
S.E w0 § )
= 2 111-V band gaps cover from infrared
B A0 E to unltraviolet wavelength
] 0 T
ﬁ ? e o _E Varity of applications: LED, lasers,
E 2 el microelectronic devices, etc.
b - 2050
A

batticn conetant (&)

[001]

Zinc blende surfaces I
d B 0t

Crystal Faces

(103

ORI B

= Dangling bonds appear on truncated bulk crystal
= Surface energy is energy needed to cut bond to make a surface
= Surface energy is reduced by atomic rearrangement on a surface (re-bonding)

=) Atomic reconstruction has electronic nature
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STM images of GaAs surfaces

Scanning tunneling microscope image of Structure model of GaAs(001)-(2x4) surface
GaAs(001)-(2x4) surface

Top view

ey ooy -
I o

-

L i
Bgell | Ogligd

!

-

o

&

2
]
o
$

Structure model of GaAs(001)-c(4x4)-a

EoAE
A

—
o ._."g o
o
oD

o7
S

Ao, £la &0,

e TEtes Ard parisn wadd

Principles of surface reconstruction

Minimization of the surface free energy is a driving force of reconstruction

= The surface structure observed will be the lowest free-energy structure kinetically accessible
under the preparation conditions.

= 111-V surfaces tend to be autocompensated: accumulate no charge on a surface
« 111-V surfaces tend to be semiconducting: to occupy VB states and empty CB states

== Bonds do rehybridizate and on a surface within a few atomic layers.

Surface motifs for (001) face

dangling bonds homodimers heterodimers

sp3 sp?
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Electron counting model (ECM)

Electronic configuration of GaSb

T T e
EEEE
rmmm:m,ll DImET
mEm 9 mom 4
hi m
Tmm Jomi 33 mom alomic ¢ 51
L] H ] 1 R A | | - = ) O A M T
T m
n=1 el Flnacin L wbEleTans

111-V covalent bond forms by sharing valence electrons:

3 electrons (I111) and 5 electrons (V)

Electron counting

* There are 4 bonds per atom

« Group Il elements — cations: 3/4 electrons per bond

= Group V elements — anions: 5/4 electrons per bond

M.D. Pashley, PRB 40 (1989) 10418

ECM states:
Within a surface unit cell

Cation electronic states = anion states

Partial Charge
Bond I1I-V 0
Bond IlI-Ill -0.5
Bond V-V 0.5
DB Il 0.75
DBV -0.75
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Partial charge counting: GaAs(001)-c(4x4)

As-Ga dimer Unoccupied As
-0.75

0.75 -Q75 -045

e TEe s Ard parisn wadd

le -1.5e
Partial Charge
Bond 111-V 0 Structure consist of
Bond IlI-Ill -0.5 g
3 dimes: 3*1 =3
Bond V-V 0.5 2 unocc. As: 2*(-1.5) = — 3
DB IlI 0.75 In total, O e
DB V -0.75
Outline

111-V semiconductor reconstructions

Surface reconstruction principles

Surface structure analysis of GaSb

- Temperature effects
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GaSb(111)A reconstructions

A. Proessdorf et. al., PRB 83, (2011) 155317 _
T Tl T s 2T

"
!
L "IP'
/
(o o
\
1w .
N
_!-' L (12211 [t RO )
ot |
2 +
" ]
& !
i
]
[ |
(1 s
' VN . . . . .
P S I T U RV e et IR Rt P N T A T R e

FVG. 3. Sacloes peomslom o s Gl dagias L Ui
AT 11114 sefen wich Shy A floned v schermate snpresi

werenrnd by s Fisemnsonds

GaSb(111)A structure models

Structure models

- b s

__\Er-u- h, 2 .|Illt ” i i i i )
.cu_."'i\li Model building principles:
-8, 3 w1 . 28 unit cell size is fixed
1 (from experiment).
p—
1] « All models obey electron counting

model (ECM)

MD. Pashley, PRB 40 (1989) 10418.

A _— . .

"*-” 'iﬁ‘f-‘ e « Stoichiometry is varied: Sh-
trimers, Sb substitution sites, Ga-
vacancies.
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Computational details

Total energy calculation within DFT

Local density approximation (LDA) for the exchange-
correlation energy functional

Norm-conserving pseudopotentials, FHI-LDA
288 unit cell is used for all calculations

forces less than 10 Ha/Bohr

Surface formation energy

Sl = g — g — g Mgy — v gpafE

.l'I"r <oney _.'Lg,";:': =il

I:.# - total energy of slab

2 - number of atoms
# - the chemical potential ‘
H - - the heat of formation ABINIT code is used

www abinit.org

Relative surface formation energy

-1.36 ‘, Stable structures
L s
e — chiZx2p10l
-l40F -]
B ,/‘6:_}.1“' 3} {22000 -
1 -

Ar.e¥ {1x])

-

G e
a2y gpy 20y
0.6 <04 -02 i
Ga-rich Mg Hp Sb-rich

-1,52

- (2x2) models are stable in ground state

- Energy of the 238 structures is higher (>12 meV/1x1)

Why a 2C8 diffraction pattern is observed for GaSb(111)A ? |
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Phase probability at elevated temperature

Partition function:

- - Sl
T=%"7 = n-,r:L'ur .
= 250 Lokl
Degeneracy factor
e = Fagng
o= manim.
Phase concentration:
o,=2 085 e s
VT {1-'1'1;-1_]_‘

b
[ZnE | ,

T

- 1
Ed
adly Y e e =
4 [ZxZp011]
iy
) - 1 TENEL
SRR i e L TR
A -4 -2 (K11
* [E-rch
Apg, FH
Hh I

Total 208 concentration is about 30%

JELY P R T T R [T [T L T B
Aeepeeelven wmr

SR e

srIp enhor A T e e
wrrl XL -

gis higher for larger surface unit cells
and with low symmetry

Romanyuk et. al., PRB 82, (2010) 125315

Phase probability at elevated temperature

_ Total Tostal
Dm, = 0.3
(2x2) (23 23R
| e
T3 S T s
hat——
o =
— s e
i B e
= e
= e
001F L ARy
—— L a—
= &l /
200 3040 4K S00
T['C]
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Experimental confirmation

* Temperature dependence of RHEED
intensities is measured.

« cooling and heating with step 0.05° / sec
at Sb-rich conditions

« 268 rod: (1/6, 1/6), (2/6, 2/6), (4/6, 4/6)

« (2x2)+208 rod: (3/6, 3/6)

1(268) /7 1(2x2 + 2CB)

)25 .
400 411 420 430
decreases in comparison with I, ["C]
2CB phase concentration '

(2x2) phase concentration

Romanyuk et. al., PRB 82, (2010) 125315

Entropic contributions

-Temperature effects

+ GaSb(111)A 2(8 phases are stabilized by
configurational entropy at elevated
temperatures.

 Size and symmetry of the surface unit cell
determine degeneracy factor g

* The larger unit cell with a lower symmetry is
favored by the configurational entropy.
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Outline

111-V semiconductor reconstructions

Surface reconstruction principles

Surface structure analysis of GaSb

Temperature effects

Surface structure analysis of GaN

Photoelectron spectroscopy laboratory

ADES 400 — photoelectron spectrometer with hemispherical analyzer

Equipment

- X-ray lamp XR50 (SPECS), XPS

- UV lamp UVL-Hi (VG Microtech), UPS

-electron gun EGG-3101 (Kimball Physics),

-EPES, REELS, LEED

- lon gun: AG2 (VG Scientific), IQE 12/38
(SPECS)

- mass spectrometer, Prisma (Pfeiffer-Bal zers)

- manipulator. X,y,z, polar and

azimuth angles

- evaporation cell EFM 3 (Omicron)
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GaN samples from Kyma

Wurtzite

GaN is technologically important material for optoelectronics (LEDs,
laser).

In-plane a and out-of-plane c lattice constants are different.
There is strong spontaneous polarization field due to differenct

lengths of ionic covalent bonds. This decreases afficiency of the
devices.

In zincblende crystals, all bond lengths and angles are similar ->

BN, AIN, GaN... o o
i total dipol moment vanishes.

Polarization field could be reduced for non-polar and
semipolar GaN faces

Boule GaN Wire-saw dicing Boule GaN
—_—
10 mm 10 mm

D

GaN nonpolar and semi-polar surfaces

Collaboration with Kyma Tech. (USA) in 2010-2011

Non-polar facets Semipolar facets
L2
Ll
B S
i11-31-plans i 1= 10 il {181 Tplasg {10-33 [rplana

Theoretical support

Angle-Resolving Electron Spectrometer (ADES-400) Ab initio DFT
Band structures, DOS
Surface preparation: etching, ion sputtering, annealing PED, LEED intensities

Surface analysis: Optical response:
Quantitative LEED, REELS, UPS, XPS, PED dielectric function, optical constants
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Quantitative LEED analysis of GaN(000-1)

GaN(000-1) - polar surface
« Crystal was chemically cleaned
« Annealed in NH;at 1000 °C, 107 Torr

« LEED intensity-voltage (1-V) curves were measured from
130 - 500 eV

Structure models:
* The bare GaN(0001), (000-1) models

« Adlayer of N (Ga) on top of (0001) or (000-1)
surface

Quantitative LEED analysis of GaN(000-1)

| Structure violates ECM |

1 By v

e - L T
L L ¥ . |
A 4. &
w L L &
1
[ S . L]
- .
R, reliability factors Interlayer distances Vibrational amplitudes
ol ES Waid Ar. i3 4 ETEs w5 4
wcied AF 0 - el Ll £ 128000 b 200 s R BT )
e h [ERNEE Eire [T i aa L Y L
us, EI

0. Romanyuk, etal., Surf.Sci. (2012)
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Electronic band structure of GaN(000-1) (1x1)

Density of states

11 ZaM bulk g LAl s o ;
1 - L — alC0E sl N, I
5 i h
5 i 11| |l| IIII1
AR .l A i
= ||" ‘ |Irll
o "o
Surface state on a top of valence band is formed S v |I a4 '_
by N dangling bond * I'I' ff ',II s
N T M
Y a 3 b N |1I .
!H ' Sl ]
- ion ¥ C .
DB occupation % electrons / bond o, L] E a4 P
= 2p orbital may be saturated by H gt MOoT] F-= LAY
= LEED I-V is not sensitive to detect H I
o e
- To fulfill ECM, 2x2 cell is needed (3 H |¥ % #®
atoms and 1 N dangling bond
gling ) et
Optical properties measurements
REELS measurements REELS spectra from GaN(000-1) (1x1)
REELS geametry I ¢
. c R
k| o dﬂnalyzer E
0k,
EE I L
el nanel w
Dielectric function by DFT Optical constants by REELS: (000-1), (10-13), disord. GaN
TN G I:-.-Fc:h ik i 15 :,“ Wil |
i i [ ] ! i S:“ .
] I L& by 2y g
s A0 5 ri A | ~
[= 1 R & 1 e
2 - i i N d
ERETES Bl 1 s
E . H ! b gd AN EFHNNDM II.II AWM M TN
] I : €l i)
= 06 ; y .
En : . 1 <
g b E T
i i ) s 4 )
LI S T P | R S Pl 2 e I e LI
I nargy Iess, [A) Mas AR BR® T
- . Craeg; aw, prs] Cragy o, ]

0. Romanyuk, etal., JAppl.Phys. 110 (2011) 043507
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Outline

111-V semiconductor reconstructions

Surface reconstruction principles

Surface structure analysis of GaSb

Temperature effects

Surface structure analysis of GaN

Biocompatibility of semiconductors

Biocompatibility of semiconductors.
Literature review

Goals:
= Control over physiological activities in the body by chips

= To find biocompatible materials with a potential to interact
with biological systems on molecular scale

= Biocompatible electrodes are required
« Biocompatibility -> long term implants

= To implement signal transmission between microelectronics
and biological systems

Analogies with biological systems:
« Electrical circuit in material word -> neural network in
biological systems

« Neural cells are electroactive -> potentially could be interacted
and governed by chips
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Biocompatibility of semiconductors.
Literature review

Neuronal transistor in gloved hand

MHeursn silicon chip,

. ' . L Y. Cui, et.al, Science 2001, 293, 1289
This chip contains the first two-way communication link to be

established between a living nerve cell and a silicon chip. The

breakthrough, made by German biophysicist Peter . -
Fromherz (Max Planck Ins. of Biochem.), in 1995. No Adi Mgt 200%, 21, 39704004
electric current flows across the junction. Instead, the chip

induces a charge inside the cell, which makes it “fire”.

Si wafers
Literature review
Cell

N

Si is toxc for biological systems and surfaces need to be interface
biofunctionalized to promote a cell adhesion substrate

Coating the surface with bioactive molecules such as
polylysin or laminin, plasma treatment.

Types of interaction with cells:

e Electrical: current, contacts

« Optical: photostimulation by light

177 M W MU kil bojw, 1 Maeer W
Brobvis FLa® Szom Movo wt R AL X1A

Tigaa 5. 81 & SEM iene of B9 s e ook The deikic ot rad fe

PR ek e s e reterl B G N e o e camaia b ik Light-induced action pOtentiaIS

i F; bl shar gl b i mded e

o el ey \
tmdn Tazmbew con
podrmidoner of e el s eamoeren eore [N1ER. 03 Feaeasl rarans mad dmn M
reraen Jromagon e ririse.of yard et U dncrn e, Anped wkh parruypios foes [1715]
Copygnd | R, Braders: P GaN
Ak, Waren 2DES, 21, 630 A0 / \
Lasers LED
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GaN wafers
Literature review

Galliaem nibride s brwompalible and non-Gosie beTore and aller
lurchiwmalizalion wailh peplides

SO0 A Jewen S Bar e 5 M ksl 22 Renjanin A S dichoel 1 Moanti 4,
Al Teaisenic ©*

Aseesinenl ol Ciabd dhipe o caliaring cerebellbo wranele veanons
Toi-Hargp Thi-Buei Ul
Buoaecrpk 37 Chimp S161-2267

Neurons networks were found
more dense on GaN that on Si
substrates
GaN substrate is more suitable for
cell growth than Si

[T 2 ...I-h-“ vl e e ] ad e g B e d 4 ST e b b e

Variety of the GaN samples on a desk

. non-polar

semipolar
« Surface atomic structure study
= Electronic structure study
[10-11] [11-22] .
P e s e Pot(_entlal _substr_ates_for o
L T T B optoelectronic devices with high efficiency
e T e PR
! +
e I R '! £
s B ® - . . - .
il = Surface functionalization mechanism
- Fu P study on a microscopic level
[10-13] = Absorption O, H, NH, molecules
. - =] e
iy B i e W = Absorption organic molecules
e I - (glycin: C,HgNO,)
4 o OO e ] as a part of biocompatibility research
- -ea O]
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Conclusions

- The surface structure observed will be the lowest free-energy structure
kinetically accessible under the preparation conditions.

- Surface structure of I111-V semiconductors (zincblende) obey ECM:
number of anion electronic states have to be equil to the number of cation
electronic states.

- Configurational entropy play a crucial role espessially for the phases with
a small energy difference but with different unit cell size. The larger unit
cell with a lower symmetry is favored by the configurational entropy.

- Polar GaN(000-1) was studied by LEED I-V curves technique and DFT
calculations. We determined a surface polarity, atomic structure and
optical properties of the GaN surface.

- GaN is perspective semiconductor for biological applications. Non-polar
and semipolar surfaces provide variety of structural properties that have to
be analyzed in the nearest future.
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") M easurement of the magnetic
@% hysteresis and Barkhausen noice at
FZU controlable magnetic conditions

Oleksandr Stupakov

Institute of Physics ASCR, Na Sovance 2,
Prague, Czech republic

M agnetic measur ements

ST

B/M = f (H)

Inductive method — dH/dt # 0

Faraday's law:
U,, =-n>dF/dt =- nS>dB/dt

— nisnumber of induction windings,
@ ismagnetic flux,
Sis sample cross-section,
B is magnetic induction
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M agnetic field deter mination

Technical way —
current field method
H, =NI/Im
N is number of magnetizing
windings,
— | ismagnetization current,
I, is effective magnetic path

- demagnetization factor © M

Electrical steels

are the most important magnetic materials
produced today (efficient flux multipliers).

e Grain oriented (GO) steels- 3% Si-Fe
aloys with grain orientation and very low
power loss and high permeability in rolling
direction (high anisotropy — transformers).

* Non-oriented (NO) steels - have smilar
—— magnetic properties i F ey

inall directions ﬁ& e

(motors, generators, g - e N\

alternators, ballasts, - _‘1’ % ﬁ .

small transformers) L
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Electrical steels

* Norman P. Goss (1906—77), inventor and researcher from Ohio,
USA, in 1935 he patented a heat treatment method to obtain grain-
oriented electrical sted b protected technol ogy

e Lamination coating b to increase e ectrical res stance between
laminations, reducing eddy currents, to provide resi stance to
corrosion b introduced stress i mproves the magnetic properties.

« Laser scribing, amor phous/nanocrystalline ribbon
* 50 Hz sinusoidal magnetization, hysteresis loss

— " T : ) LT
- = == 0

Typicad £3 Lumiabon Fa ¢

Single Sheet
Tester (SST

Standar d techniques

Epstein

1) Epstein frame: > century
old, high accuracy U
expensive, time
consuming

2) Single Sheet Tester: EU

A — initiative to smplify the
: technique U no exact
s coincidence but good -
i P linear correlation with ¢ -

. different “ design”
L sources of fied

%E %E Epstein data b :

LT determination error L LI
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Cumbersome quasi-closed circuits of both standard i nstruments
arerequired for high repeatability of the results (measurement
error is2-3%, bad contact can lead to 5-10% error): they keep

« the induction waveform of the snusoidal shape in accordance
with standard requirement and application conditions

« the current field method valid (field is proportional to current)
Problems

—— e Different **design’” sources of field determination error P No
exact match between Epstein and SST data P dow replacement
of the outdated Epgtein with SST in practice.

» Standard procedures cannot be adapted for continuous online
testing on a production line.

SST with H-coall

Tangential field sensor
(flat H-coil sensor)

U,y =-n:dF/dt =- nSv,>dH/dt

* 0.5x25x25 mm, 400 turns

of ££0.05 mm wire b

sensitivity of ~3 uV (A/m)1
—— « complexity of preparation

and calibration

* large sze

* accurate integration of a

weak induced voltage
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Compensation field method

Rogowski—Chattock potentiometer evaluates a magnitude of the
magneti zation imperfection b An analog feedback [oop supplies
acorrection current to additional magnetization coilsin order to
minimize the potentiometer signal b It adjusts the magnetization

process to the ideal ;,'“‘
condition of the closed T T
magnetic circuit, when ;

the current field method | | —=—{— flll_._ e
can be applied e %%L—

(Czech Technical ‘,7 — — '_‘

Universty, Prof. o
V.Havli¢ek, end of 80s) [ I

Portable SST
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Barkhausen noise (BN)

Discovered by German physicist /B

Heinrich Barkhausen in 1919 b

loudspeaker connected to the

induction coil showed acoustic noise

P first experimental verification of ' h
ferromagneti c domains postul ated
theoretically (discreteirreversible

changes of magnetic moments)

BN AmpiTuae| v )
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| ntr oduction: drawbacks of BN -:

[

@Main problem ishigh ingtability of
BN technique with respect to
experimental conditions/

An advanced multi-parameter
Barkhausen Maoise Analyzer

parameters and sensor unit design. - =P E"wa"i":w:“rwm
Athisproblemisusually solvedin = £ + + + = _ == " 0
atechnical way: the measurement Sememsmmel fockont i i
system is adapted to acertain et o

5
B Lasm moe sbhool Barchausen

industrial task to provide relatively l s Pramascn
stable resultsfor a specific .
experimental configuration.

A Thereisalack of general
understanding and interpretation
of the BN effect b physical
research should be done?

| ntr oduction: nature of BN

BN isassumed to provide acomplex  Hysteresis measurements
surface micro-magnetic response
@and to contain more information than

s
macroscopic hysteresis data —
A the challengeisto read and to / /
interpret the micro-magnetic BN data j / H

P BN isof stochagtic nature so only the
average properties are reproducible

P BN provides qualitatively smilar N envelope ~ #eM  RMSvalue
response to magnetic hysteresis
measurements, but level of the BN
signal isnot normalized to any
physically based value, such asa

magnetic induction. Barkhausen noise measurements
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Experiment t- .

@ Surface field measurement -

extrapolation of tangential @ BN coil ) [ Hall sensorarray
field profile (H; ~ I, Hg, , =1 |
Hey ; field shielding) ==l o= fz?o%i - -~

@ Magneti zation condition el : )
control (induction waveforr Magnetization coi Emdudim”] i
for hysteresistesting, ' ;
surfacefidd—BN) |\ e

— @ Three gtage control: B,
amplitude, H,,, Symmetry
and the B(t)/H(t) waveform.

@ BN surface pancake coil

N

i
A
)

\

Scheme of measurement setup
(shown sizesare in mm).

Digital feedback for B(t) control

Lt --assep ||
last - sin

Magnetization voltages V., (l&ft axis) and measured magnetic
inductions B (right axis) at the first and the last iteration steps
of the digital feedback algorithm, respectively.Principle of the

Vgen re-sampling isillustrated by arrows (electrical steel).
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Digital feedback for B(t) control

X0 = H
21 Jt) control S 04
- - withou{ ,* 7
o with iy 0.2
- sine 2

t, ms
o o 2.0 0.0 25 ':
i 1
P B s ) Jt) cont_rol
5 02 02 - - - - without
“413(t) control |+, o / ——with
-------- without ™% e L-04 * sne
e l——vith A s

(Left) Same waveforms of Ve, (1) (Ieft axis) and magnetization
J(t) (right axis) for the measurements of amorphous ribbon in
solenoid. (Right) The corresponding hysteresis loops measured
with and without the J(t) waveform control.

Stability with air gap

Typical hysteresisloops of a NO steel measured by the standard SST
and the single-yoke setup with different air gaps as functions of the
extrapolated H,, (left figure) and the current H; (right figure) fields.
The inset shows the B(H,,,; ) and B(H,, ) loops.
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Stability with air gap

W, Jm® [NO, B, =125, H,, B, T [GO.B,=125T H,
2508 .. B(t) control:- -®- -with--=--without B(t) control: - -#---with -&--withouf
= =--B = < 4 Sns *
------ ®= =R == === = - === -R = R === - - -} B ]
200 <
NO,B=1T 0%y v v v—0 ]
o H_ e H, H, NO, B, =125T|[NOB 1T
150 H, . B(t) control:| |—m— H
——g—§——§——5—8——8 0.61 o B ) e
GO,B =125T,H --®--with —o— Hg,
e NG ] - =~ without
100 B(t) control: -----with—=--without Dl H,
- . - ’
SR S G S E———
_ 0 2 4 6 8 10 0 2 a6 8 10
Air gap, mm Air gap, mm

Sability of the hysteresis loss W (left figure) and the remanent
induction B, (right figure) with the air gap for typical NO and GO
steels and different experimental conditions.

Corrdationswith SST

Heq » BI(t) control " H; . with B(t) control
400+ = with, R=0.9995;SD=2.009 _ 099 4 R=0506:9D=00! =
y=-1098+10304% | e
< WithowtR=09995:D=24 0.8 y="0402+0.925
-y =-11.61 + 1.0823x .
., 300 £ . 0.7
£ -
5 . P - 06 Hoy s ‘.3(0 control
= R4 . = with, R=0.9768;SD=0.0131 z
2001 "‘ P with B(t) control “ 05 y=-0092+ l'l_lmf
o 7 o H. R0909%:D=157 <« Without, R=0936;SD=0021 4
- sur 0.44F---—- y=-0.045 + 1.0476% -
g - y=-146+1.018x - A
1004 | * H,, R=0.9988,5D=4.65 034 e
. y =417+ 1.348% 02 o
100 200 300 400 ’ 07 08 09
o SST W, Jm® SSTB,, T

Relations of the hysteresisloss W (left figure) and the remanent
induction B, (right figure) with the correspondent SST parameters for
the NO steelsand B, = 1 T. The error bars are evaluated asthe
standard error of two identical tests from the opposite sample sides.

167

PDF vytvofeno zkuSebni verzi pdfFactory www.fineprint.cz



http://www.fineprint.cz

Corrdationswith SST

NO,B .= NO,B. = b
* Pmax T omax {‘
. 1T C Ml ey ?
400+ o 125T ° 125T
R GO, B % 1o] |80 Brad R
;Es 3004 A 1257 4 1257 N4
e < 157 % 2 < 157 e
= 10 5
200+ ———y=-10.98+1.0304% . e
R=0.9995; SD=2.003 - —_=009LLL3x
=0.9995; SD=2. % R=0.9768; SD=0.0131
- - - y=-19.5+1.026% 0.8
1004 Y=ot ‘ - - - - y=-0.18+1.134%
R=0.9998; SD=2.267 il
R=0.972; SD=0.02695
100 200 300 400 500 08 10 12 14

SsTB,, T
Relations of the hysteresisloss W (left figure) and the remanent

induction B, (right figure) with the corresponding SST parameters
for both steel series and induction amplitudes B,,,,,. The curvesare
shown for the H,, field method with the B(t) waveform control.

BN coail lift-off

BN coil lift-off oU,, dt/T, v
——O0mm

Ken B,
Left: Typical BN envelopes of a NO steel versus the magnetic
induction B. The circular symbols present the data for the 3 mm lift-
off scaled up to 5 times. Right: The corresponding BN loops (time

integrals of the BN envelope) versus H;. The hysteresis|oop with
normalized induction axis s also shown for comparison.
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BN coail lift-off, yoke gap

R
<=BNH,

— .

ext

-eo-H
A H

BN DH/H(0), %

H;

Su

-

) TR
> -
-

0 1 2 3 a
— BN coil lift-off, mm

B nc 125T, Hyy
B(t) sine control

---e-- with
without
%= with, BH H
P S A S
ED EEEX XY SCEEAS
4 6 8 10

Y oke-sample gap, mm

Left: Normalized relative changes of BN H (left scale) and BN rms
values, U, ., (right scale) with BN coil lift-off. Right: Variations of
BN H, with the gap between the yoke and the sample.

BN H, U BH H_W correlations

4 GOB, 71257

T H R0623 5= 100 A
H;RE0.623,SD=15.9 GOB= 15T 2¢ E
fity =56.2 + 0.49% a0 y=-2.43+0.195% L
e = R=0.945; D =1.27 >
3 < =
3 2 * NO,B,=1T
T s 7 z —y=224+0.281
60-] 4 =0.998;5D= = y=2.24+0.281x
z el HopRE0998D=134 R=0.996; SD = 1.848
pe - - - -fity =1.73+0.993% * NO,B,,=125T
40 —0.997-D=
P 4 Hgy REOSITD=1T - - - y=5.006+0.217%
0 A+ ------fity = 258 + 0.984% R=0.9985 D = 1213
20 4 6 8 100 120 100 200 300 400
H, A/m W, ym’

Relations of BN H_ with the hysteresis coercivity H,, (left fig.) and
losses W (right fig.) measured in the single yoke configuration. In the
left fig. the data for the NO steels and three field methods are shown;

in the right fig. the H,,, data are shown for the both steelsand B,,.,.
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BN H, U BH H_-W correlations

= < GOB,_=125T
100) [ * GO B 71T 100, e /E
GO, By, = 15T GOB,,,=15T -
go] [~y =-6:35+1104% 804 y=-15.5+0.261 /? e
c R=0.849, D=192 £ |R=08936; D =1.734 »
s + £ ad
< & < 60- L[ NOB,=1T
z =TT z A ——y=-1015+0293%
T 40 " Prres = @ 4] R=09968; D = 1.633
4 NO,By,,=125T  NO,B,,=125T
ol & ——y =-1.24+1.035% ol k- - -y=0.778+0.223%
*% R=0.9968, SD = 1.74 o R=0.9981; SD = 1.397]
20 20 60 & 100 100 200 300 400
—_— SST H,, A/m SST W, Jm

Relations of BN H, with the SST coercive force H, (left figure) and
the SST hysteresislosses W (right figure). The H,,, field data are
shown for the NO and the GO steels measured at the different B,

Conclusions

@The physcally based measurements with control of the
induction waveform and simultaneous direct determination of
the magnetic fidd provide stable results with an acceptable
linear correlation to the standard SST data.

@ Simultaneous local measurements of surface field and BN
dgna sabilize the BN coercivity. It shows high sability to
variations of the experimental conditions and strong linear
correlations to the hysteresis coercive force and losses.

—— g@Practical implementation requires alow-noise field sensor with
the sensitive area up to several cmin size,

@ The linear corrdation with SST data is non perfect: the dopes
are close to unit, but the offsets are non-zero and dependent on
the tested magneti c parameter and the induction amplitude.
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Abstract

Photonic crystals are periodically structured electromagnetic media, generaly
possessing photonic band gaps: ranges of frequency in which light cannot propagate through
the structure. This periodicity, which length scale is proportional to the wavelength of light in
the band gap, is the electromagnetic analogue of a crystalline atomic lattice, where the latter
acts on the electron wavefunction to produce the familiar band gaps of semiconductors, and so
on, in solid-state physics [1]. Several examples of organisms and structures possessing
photonic crystals and iridescence are visible all around us (Morpho didius, Pavo cristatus,
Chrysochroa vittata, Chrysinaresplendens, ...) [2].

Photonic crystals are attractive optical materials for controlling and manipulating the
flow of light. One dimensional photonic crystals are already in widespread use in the form of
thin film optics with applications ranging from low and high reflection coatings on lenses and
mirrors to color changing paints and inks. Higher dimensional photonic crystals are of great
interest for both fundamental and applied research, and the two dimensional ones are
beginning to find commercial applications. The first commercial products involving two-
dimensionally periodic photonic crystals are already available in the form of photonic crystal
fibers, which use a microscale structure to confine light with radically different characteristics
compared to conventional optical fiber for applications in nonlinear devices and guiding
exotic wavelengths. The three-dimensional counterparts are still far from commercialization
but offer additional features possibly leading to new device concepts (e.g. optical computers),
when some technological aspects such as manufacturability and principal difficulties such as
disorder are under control [3]. In 1996, Thomas Krauss made the first demonstration of a two-
dimensional photonic crystal at optical wavelengths (800900 nm) [4].

Present contribution deals with the preparation of two-dimensiona photonic crystal
(2D-PhC) on a nanocrystalline diamond film [5]. Diamond is a material with excellent optical
properties and therefore its applicability in photonics can be expected [6]. In addition
diamond-based materials exhibit an unique combination of physical properties, such as
extreme hardness, high acoustic velocity, high breakdown field, high thermal conductivity,
and many others [7]. Hence diamond can support high optical power and high electrical
current and can serve as amatrix for various light sources, such as quantum dots. The
photoluminescence efficiency of the embedded light source can be enhanced by periodical
nanopatterning of diamond layer if the PhC dimensions are carefully modeled.

Modeling of the photonic crystals dimensions was done by RSoft DiffractMOD
software. The NCD films were grown by microwave plasma-assisted chemical vapor
deposition (CVD) using an ellipsoidal cavity resonator (Aixtron P6, GmbH). Before the CVD
growth, high quality quartz substrates (UQG, Ultrasil, 10x10x1 mm?®) were cleaned in
isopropy!l alcohol and dried by anitrogen gun. Then, they were seeded in a liquid suspension
of ultradispersed detonation diamond (UDD) powder with an average size of ca. 5-10 nm in
diameter (NanoAmando, New Metas and Chemicals Corp. Ltd., Kyobashi) using an
ultrasonic treatment procedure for 40 min. The NCD films were grown in hydrogen (99%)
and methane (1%) based gas mixture. The CVD process parameters were as follows:
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microwave power 2.5 kW, total gas pressure 50 mbar and the substrate temperature 570 °C.
2D-PhC was fabricated as follows: the NCD films were coated with electron sensitive
polymer (PMMA, 100-120 nm in thickness). The PMMA polymer was nanopatterned by
electron beam lithography (EBL) using “e-LiNE system” (Raith GmbH) forming the base
matrix with regularly repeated openings ordered into a square lattice with avarious lattice
constants. Then, Au layer of 70 nm thickness was evaporated and processed by lift-off
strategy to form a masking matrix. Plasma etching by using capacitively coupled RF-plasma
in a CF4/O; gas mixture (Phantom LT RIE System, Trion Technology) led to formation of
geometrically ordered nanopillars (PhC structure) with the surface area of 1x1 mm?,

The diamond character of films was investigated by Renishaw InVia Reflex Raman
spectrometer with the excitation wavelength 442 nm. The surface morphology and grain size
of deposited diamond films were investigated by scanning electron microscopy (SEM,
e LiNE writer, Raith GmbH). Atomic force microscopy (AFM) images were taken in tapping
mode using silicon tip Multi75Al. The film thickness was evaluated from the interference
fringes in the reflectance spectra measured in visible and near infrared region using the IR-
Plan Advantage Spectra-Tech microscope (space resolution 100um) equipped with 20W
tungsten halogen lamp as a light source, BWTEK BTC112E TE Cooled CCD array
spectrometer (spectral range 400 — 1000 nm) and a commercial software for modeling the
optical properties of thin films (FilmWizard).

Photonic properties of the PhC sample were probed by illuminating the PhC along the
I'-X direction with the collimated white light incident at the angle varying from 0 to 25°
where 0 is the angle normal to the sample plane. The transmitted light was then collected by
an optical fiber. The incident light interacts with the periodicity and in case the phase-
matching condition is fulfilled it can couple into the leaky modes of the PhC which is
revealed in the transmission spectra by the deep minima at the spectral positions of leaky
modes. The photonic band diagrams of leaky modes shown for the S- and P-polarized light
were created by converting the angle-resolved transmission spectra into a 2D map of
transmission efficiency. Photonic bands can be clearly recognized originating at the G-point at
different wavelengths which depends on the dimensions of the PhC. The agreement of the
experiment with a simulation was verified.

In summary we described the preparation of diamond-based PhC structures and
showed that by engineering dimensions of the PhC the spectral position of the resonances can
be tuned.

Acknowledgement: Thiswork was supported by the grants P108/11/0794, GAAV (Grant
No. KJB100100903), MSMT LH12236 and Purkyne Fellowship. Thiswork was carried out
in frame of the LNSM infrastructure.
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Photonic structures in nature

roa virtara

ither)

ttp/anwne i ience.comdocu fwebp |_photonics._p1 htmi
1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 3 1. Introduction

Photonic structures in technology

Periadicin Periodic in Pericdicin
one direction two directions three directions

2D photonic crystals
& Ph. Crystal fibres

Bragg reflectors Silica crystals

1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 4 1. Introduction
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Requirements for photonic crystals

SET 1
-““- ) )

h (nm) 137 = " _,

d (nm) 206 206 206 wh

a(nm) 343 343 343 h =t =

wh (ﬂm) 40 60 120 Diamond
UQG glass

SET 2

-““— h — diamond layer thickness

a - lattice constant

h (nm) i d - diameter of nanopillar
d (nm} 200 200 200 wh — nanopillar height
a(nm) 390 330 345
wh (nm) 100 100 55
1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 5 1. Introduction

Diamond film deposition

Deposition conditions — AIXTRON P6
Substrate Time Pressure CH, (sccm) | Ratio H;:CH, (%) Temperature
{miin) {mbar) {=c)
uae 20 50 300 3 2500 570

Amenna

/
unrtz Bell Jar _

P\«mneter‘ ,.’If

Ellipsoid Resonator

o ﬁ 3 "'\ Y}

:iulurrare_‘_\‘-- \ || \

Photo image of Aixtron P6 k—g -/

B-IId

Schematic view of MWCVD ellipsoidal cavity reactor Aixtron P6

1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 6 2. Experimental part
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Sample characterization

[T= SRTTTRY

o
i 5
E ot "
S Ri‘amun s‘hiﬁ-lcm"‘] S et
Raman spectra Reflectance and absorptance spectra
1 TR Hchr
i =
T
5
233 XL IS = HE AL 1ES0 2
SEM image AFM image
1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 7 2. Experimental part
Electron Beam Lithography
TR - NCD film coated with electron sensitive
e e polymer (PMMA — circa 110 nm in thickness)
S S

- forming the base matrix with regularly
repeated openings

- ordering into a square lattice with a lattice
constant based on requirements

- EBL processing — not easy to estimate process
parameters for achieving required diameters

EBL using “e-LiNE system” (Raith GmbH) (mainly depends on layer roughness and lattice

constant)
SET 1 SEI 2
Required - d (nm) 206 206 206 Required-d (nm) 200
EBL (pAs/dot) 0,05 0,06 0,07 EBL (pAs/dot) 01 0,085 0,09
EBL-d (nm) 165 200 230 EBL-d (nm) 215 220 210
1-4.2.2012 The 3rd Rokytnice scientific and educational workshop B 2. Experimental part
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Electron Beam Lithography examples
SFT 1— samEJ_Ie A

1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 9 2. Experimental part

Masking — metal evaporation — lift off

- gold layer of 70 nm thickness was evaporated and processed by lift-off strategy to form a
masking matrix

SET 1

Required - d (nm)
EBL-d (nm) 165 200 230
Au mask - d (nm) 100 130 130

SET 2
_---

Required - d (nm)

EBL-d (nm) 215 220 210
Au mask - d (nm) 130 150 130
1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 10 2. Experimental part
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Au masking matrix
SET 1 —sample A

1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 11 2. Experimental part

Etching process

- plasma etching by using capacitively coupled RF-plasma in a CF,/O, gas mixture led to
formation of geometrically ordered nanopillars
- Phantom LT RIE System, Trion Technology

Required - wh (nm) 40 120
Etched - wh (nm) 45 60 120
Required - d (nm) 206 206 206
SET 1
EBL-d (nm) 165 200 230
Au mask - d (nm) 100 130 130
Etched - d (nm) 150 160 190
Required - wh (nm) 100
Etched - wh tnm) 100 130 55
Required - d (nm) 200 200 200
SET 2
EBL-d {nm) 215 220 210
Au mask - d (nm) 130 150 130
Etched - d (nm} 165 175 155
1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 12 2. Experimental part
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After etching process
SET 1 - sample C with Au

e

SET 2 —sample A

1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 13 2. Experimental part

PhC transmission - SET 1 sample A

E

2 oo ]

e G 5
o
e
1154
Loann
L%
<o
e

Anple angla
S polarization, GX P polarization, GX
1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 14 3. Results
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PhC transmission - SET 1 sample B

waWE EnGi
wavele-gth

angle

S polarization, GX P polarization, GX

1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 15 3. Results

PhC transmission - SET 1 sample C

wavelsngth

angle
S polarization, GX P polarization, GX
1-4.2.2012 ‘The 3rd Rokytnice scientific and educational workshop 16 3. Results
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Summary

- relatively good optimized diamond growth rate (requirement of film thickness)

- satisfactory diamond quality (film analysis)

- problems with EBL estimation (required diameter)

- metal evaporation and RIE etching — different diameter of the columns

- RIE etching should be improved (roughness)

- after all the samples were fine and work (PhC transmission)

- various diameter and height of diamond columns shift the active light wavelenght

- reflectance measurements show optical losses in diamond

1-4.2.2012 The 3rd Rokytnice scientific and educational workshop 17 4. Summary
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JiFi Hejtmanek, Karel Knizek,...

Physical properties & Technology of materials
Characterization &  Thermoelectrlc modules

Physical properties & Technology of materials
Characterization & Thermoelectric modules
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e Aarga Seabeck coaficiant o jow alacirical resstivity p and fearmal conductivy L
. smamimizs Figure of ment 2T
ISR  Soobeck ofect AV aaT

i Mmma=mﬂﬁn* F—

| REC w=ulnl

et £ e

dnitaistTs B ﬁg - Ty W
il - ; B TP Pk I:I.;n:lu-..gi |

+ electrically conductive oxides 8 thermoelectric materials for
high temperature applications
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Thermoelectricity

-Thermoelectric conversion of energy —
principles & characteristics
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vElgctrical enargy may ba rewersibly converted Into themmal energy and vice versa
by thiws thefmoslastilo offects.

*Thermowleolrle effects, L., e Sealeck olleol Polter oflocl and Thomyson sileot
ars named after the parson who flrst observacd or pradictsd them.

rChrenzlogy.

18231 Beebech chasrves compass needle deflact near loop farmed by dissmilar
concuctars.

-Llﬂ-tllﬂil'&: Feitimr clizcovers Paltier afect ond Lenz wiiloes |1 o myersily fresze viler
mall lca.

HEIBABED; Vary Hitie intarest In thermasleclricily during the “ere of slestromagnelism.”
#1861 Thamsoan precicts he awsatencs of the Thomson elfsct,

Seebeck Effect (Thermopower)

« In 1821, Thomas Seebeck found that an eleciric curent
wollld flow continuously m a ¢losed circuit made up of two
dissinilar metals, if the junctions of the metals were
mamtained at two different temperatures.

a) T, Ty b} T¢ T

ol

- '\.._..f' -+ f’:‘)‘
Open circail Closed circuit |
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Peltier Effect

+ In 1834, a French watchmaker and part time physicist,
Jean Peltier found that an elecinical curent would

produce a temperature pradient at the jmetion of two
dissimilar metals.

M < 0 ; Negative Peltier coefficient
right to left.

Explanation of Thermopower in metals
[Band Structure View Point)

1
E—EF]

Key role of Fermi-Dirac equiibrium
distribution f(E} =
for the probabkility of electron

occupation of energy 1+exp[
level £ at temperature T kT

Effect of Temperature
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Thermopower in metals (gand structure view Point)

D,(E)--F5 1;;‘ in 3D ' Thermopower:
wnes ¢ ¢ From energy dependent

& conductivity.
I L
g EF. . Viott [mllll‘ﬂ_
W %

L (zr ﬁ,___}_’)ﬂﬂ_

Thermopower in metals

-system dimensionality
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Thermopower in non-metals

Seebeck effect | value at 300 K
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Thermopower-temperature dependence

a.0

g = 200 400 600 a00 1000

430

344

Energy Transport

Thermal conductivity

Focus on = heat transfer

Heat Transfer Mechanisms:
+ Conduction
5 W t- .
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Thermal Conductivity of Solids |
Solids transmit thermal energy by two modes:

* elastic vibrations of the lartice moving through the crystal in
the form of waves
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=
A

L1
LEY L
i —mbrm e

Electrical resistivity
in metais, semimetals, half-metals, semiconductors and insulators
Bard dagram
Interesting domain

===a Ep Fomignengy
| — P

o —

g — ] mmaw

G| ¥ Conuetn tong
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Many thanks for your attention....

Do not hesitate to ask any questions...
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Ladislav Fekete, FZU AVCR

Terahertzova spektroskopia

Terahetrz range

I I T T T T I 1 I I |
"ﬁ"“m‘“ i 1w’ 10f ® 0 10" 10 1M m“ 'nl}” u" m“' 1w m‘“

Radigtian  Radio- and Microeaves Infr.mrd §Lﬂtam-l=t Heranys ard

TV-waves

<
'“ﬂn‘Tﬁ 0 10® ' w® 1:|I"2 m" 11:1"‘1&'“ ur" m‘“ m’“ 1
sl S | [ -
L,

o
K Electronics Gphns p

Time-domain terahertz Specirosce

1THzZ «» 1 ps +» 33 cm ++ 0.3 mm ++ 48 K ++ 4.1 meV

Possible detection of the electric fisld AMPLITUDE == complex M, a,e
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THz pulses LB
n
2 i
] M s
g F14
E 2- i ’ '\-\'1" .’J.
= B | — r &
Rl | 2t | 3 4 {24
AR I | R
S o
73] ; | I||"\.-" __u.-'id{-_ %)
all [ e e I'l. e 40
i i 1 0 i i i ; i L‘n
-3 0 3 4] 0.5 1 1.6 2 2.5
Tume [ps] Frequency [THz]
Time evolution FT Spectrum of the THz
of the electric field pulses
Metaody v THz oblasti: 100 GHz - 3 THz
Metida Voo I"O:::"' Meranie Finvi cilivos?
Pulzng, freivenied
Symchiotne, Primaerny - 1007 81— 80 THz abiaxt, . b nepodiva
teryehist, FEL Maximsily - | MW Sraaand =
003 -13THe | felvented ablas
Bacdowaed wave ;
- S00mW - LW 1— 80 et oW Ixtertesmmetnzioy
: " 2000 (GHE Tadese Mcmochs.
; 01-1TH: Zasirrh dombsa,
Tine domain THz Primmerm - 0,7 jiW et :
Mavimiiny =% Y KW :}Lﬁm:: pn].nt:bu'm dereaind
) 07-30TH: | Zasov damina,
e 1AW 20— 10000 o’ | lomtnudls faenie, | O 1S Repon
e ATz roalE Gusnkophsnorh
CW: 0,35 (10K) Pulmms, CW,
Fulz: Max 30w | o0 Monoch.. =
W 1 5W (300K} Chekvendad obdasr
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Experimental setup

.

- T qnadrear dimdas
LI LT R —
Bl 3

+ e s .

U beum Ermitoe P ——— Subeil-Bine

splsien - e ﬁxl."'l:l'lwff
- | —

chappes i i | i: m ;"1

_ Sama T l
) i : By
H s -4 0| l
H L) o
s \ i A o ]
a ¥ ~E w
sl lipealals o H k] l
i el el
Rasessspenassnnase i smsnad =1
yaiaim mex Wallmaea proan

MIRA: 800 nen, 30— BD fs. Spectral bandwidth 15 — 40 g Repetitson mate 76 MHz
Energy per pulse 8 nl, Photons per pulse-3, 5% 101 Average power 650 mW, Pulse
peak power 140 kKW

DDDW:P‘EHI:FES:ESET-DPNd:YLFIE W.ﬂﬂﬂnﬂ'l,dﬂﬁjpcﬂ:ﬁ] bandwadth 15 —
30 mm, R tom rate 1 kHz pulsel ml, Photons per

pulse—4=10%% Avernge power | W, Pulse peak porwer 25 G'W

TOPAS: wavelling-wave optical paramesric amplifier of super-fluosescence. Tining
mp:]ﬂ—&ﬂﬂﬂmPnl;ﬁmﬁ£=ﬂ}ﬂ.Ewépﬂpds: — 100 ud
(depending on the owtput wavelength)

. FnTe Emiror

Experimental setup &~ "=
P P ,, |

. Sample
. Dptical excitation puls
5, Transmited THz puls
6. Sampling sptical puls
7. EnTe Elektraaptic detektor
B Varwam box

1
2. THzpuls
3
Fl

+  Cryostal: temperature cange 5 — 300 K

= High temperature ezl (furnase ): temperature range 300 — 1000 K
= Subpiessecond resohotion

= 700 ps pump=probs delay maxinuum rangs

= Excitatation ranage 240 — 30{H) nm
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Optical rectification

Mon linear erystal 05

B A,
214 N

/>

% | ws |
2 g —p-
@ m o o+ 0, Fregency
THz puls Optical puls Optical puls
(0.3 mm. 1 THz) (800 nm, 375 THz) (400 nm, 750 THz)
Electrooptic sampling
Nonl m““fﬁ'ﬁ!ﬂ_ Pockels effect
(T“x +  sianfaneons
) "' change of the
s refractive index
e J == birefringence
'\-\-_.i. . THzx pul=
e
optical puls
—_—
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Terahertz spectroscopy
= Steady-state spectroscopy — experiment

- » e
- L

Terahertz spectroscopy

= Transient spectroscopy — experment

T
_l'.
|

Transient conductivity
P
-lllw"i- T ui

h‘-‘-\-"'-\_
iz
\\ o ¥

e, e
T

R St
« B B &
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Basic terms

Conductivity Susceptibility
o) (@)
mety i) nexlan)
Charge density = mobility Carrier density = polasizability

Refrective index N describes propagaien of
clectromagnetic waves m matiers

N(w) =vE = {1+ 7 = J1- 6 liwe,)

Optical-pump THz-probe experiments LB

ﬂ% :T"L'.":... Mlnﬁ: i g prie mardie

Fmal
P
-.
%
1
|‘I L
|
J Fiasi
b oo
Fiauj
o =

] T AT B e e
T [ps] 5 [ps]
«  Casony pricheh THz elekrickélo pola —(FT— komplexné THz spektrum
s Nesgeitovn® (aedopovany) polovedis — prishladny
+  Foteexcitovany polovodic — veFnelokalizovand mosice
- komplexnd spekivilog odozva — AN{w), A o], Ao g
~ pokles intenziry — daba #vota nosicay (5, aac e
— Ao--iwede (e -Re - disperzia systemu)
(A -Foe = straty — at 0 = DC vodivaost}
— Dynamika MHt:) | Ae(ty),
= 2D data v (m,napj priestore pre ultrarychiu
(<1ps) dynamiku

Electromové | excitsémy
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Free carviers Bounid charge carriers Bouml charge earriers
— Dimde model — oscillator ruodel] — relaxator model
- i
oo e ﬁi
2L —— Wiy al III| |
- | L S
:
ol al — Fead
[ — magmny
e ar
i 513 L
] [ 2 3 o + 2 3
Frequeny (THD Fremuenay {THzl
wim 1015 g
m = mmass of =leciron ::_ln.::l::m"
7= 100 fs (solid lanesy; £ et
20 6 fdonsd lines) =rae sy

Silicon: carriers response

* 51 crystal (bulk material)

» Microcrystalline silicon

B

- = = Rad
] lf “'.-Lw - |y
E a % |-
= g & Roal i L
= Imaginary ol
~1000 B |
B T TRTETE My 0a 08 12 16 2
Frequency {THz) Frequency (THe)
—s Diude behavior —+ localized carmriers
{typical free charge carmers)
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THz in astronomy

= Crenerally, in millimeter apd submallimieter region, molesules like ©H, O3, HCL
ClOHOCT, Brd, HMO3, N20, HOM, CH3CHN, voleanie S0, C0, CHIOH, H3OH,
charged maleenls composed of carbon and fluorme - the CF+ wom, hydrogen and
deuterium (HIDH), water maolesuls and memy others have ther fimgerprmts and can
be traced. Besides spec-troscopic research of the universe the defected THz mdiation
s wsed to study formation of new stars from clungs in moleoular clouds or other
objects like galaxies af approximacehy-220 degrees Celsins temperaiure.

Taraninla Nebula. Herschel telescope: red
at 230 pon and green st 100 and 160 pm,
Thae warmest spots appear in blue, 24- and VRCEE Nk AN R By ST

T pn from S pitzer, Canis Majeris. Herschel Telescope

THz tomografia a zobrazovanie

»  Matenaly neabsorbujici THz zafeni

— plasticke hanoty T

— kernmiky -

— skla o
+  Matenily silné absoringici THz zifeni !

— kovw

— woda

= Vauk kontrastu: rozdil THz mdexi lozan
= Meikodnost THz zéfeni

Pensiralion degth i ©2 THE In trnsm sdben geone oy

- I liguil wted Rewnletion = 4 mn {:_‘
B L 2em @ 2OHE
é iL -! 160 pm @ 100 GHz
; ik ¥ Bl gm @ 300 GHz e
‘E" /# a5 um & 1 THe \.
- 31 S | 1Apm @R THE
e I
hom I X o all, S Claon, s R

Phys, M, 036700, 2ode
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THz tomografia a zobrazovanie

WW'Eh—lJ Porname ndex I 2 abscobcin m + ik
d Urtime hishlo o

B. Farguson and X.-C.
Zhemg, Narrs Mo, 1, 26
20023

Terahertzovy abraz nidom
bazdknich buniek

WV, P. Wallace et al.. British J
Dermatal. 151, 424 (2004)

[T ey r— Tarabarts g af
of burrgnbooth QRN a0

. Terahertzovy obraz zubného kam
‘ . TeraWiew Lid.
iy
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THz tomografia a zobrazovanie

Trajrormarns terahartzos
zobrazovanis posvrehow a voitea tablist

= Cmms e CEL

Tewmr =

[ Ny

THz tomografia a zobrazovanie

Opncky o tershermovy obmaz vodoznalo bankovek

Temahertrovy a opticky obme polevodidovéhs
integrovEnehe obvedn v ponzdie
ek

| Tty p
r; Frviyeeseyy

B. B, Heiowd M. C Nues, Ope Love. 20, 1716 ¢1993)

mapa koncentricis masiéov, sihnd koncenticia

THz pod'a AFM hrotom 40 nm (L3000
priestarovd razlitenie na 3 24 THz,
-,
r‘ S, Hubars, ¥ane
% ' Lerr, 2008, 8 (1),
O O it X" Fhicoeg, A, [ et
Fhys, Lam T4, 3445 1000 ' “
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THz spektroskopia

Diskusia VI
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® ? ‘) ® ?

Dakujem za pozornost’
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& -

PDF vytvofeno zkuSebni verzi pdfFactory www.fineprint.cz



http://www.fineprint.cz

