Spintronics (Spin + Charge)

Semiconductor (Charge)
e ‘ SPINTRONICS

Magnetic materials (Spin)

Applications )
HDD (Hard Disc Drive) MRAM (Magnetic Random Spin-FET (Spin - Field
Read head Access Memory) Effect Transistor)

"

M. Johnson, IEEE Specirum 37,33 M1 Semiconductor  FM2

(2000), S. Danta and B. Das, Appl. Phys. Leir. 56,
665 { 1990)
Large TMR + Low R High spin injection
Large CPP-GMR Huge TMR efficiency

into semiconductor

*TMR : Tunnel Magnetoresistance
*CPP-GMR : Current Perpendicular to Plane- Giant Magnetoresistance

YTOo Takoe MarHNTope3sncTUBHbIN 3PP eKkT?




KBaHTOBbIM KOMNbLIOTEP

Traditional vs Quantum Bits

Traditional Quantum
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If you are a bit from an existing computer you can only point to the
North Pole, a 0, or to the South Pole, a 1. If you were a qubit you could
point anywhere in the world and make a mixture of a 0 and a 1. Due to

the ability to be 0’s and 1's qubits can check multiple solutions at the
same time which makes them significantly more powerful than regular

bits.
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Kakue npeumyliectBa MMeeT KBaHTOBbIN KOMNbIOTEP?
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Katanusartop
F
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KaTtanus — yBennyeHne cKOpocTn XMMMYECKOU peakuum brnarogapsi y4acTumio
OOMNONHNTENLHOrO BelecTBa, Ha3BaHHOro Katanusartopom. With a catalyst,
reactions occur faster and require less activation energy. Because catalysts are
not consumed in the catalyzed reaction, they can continue to catalyze the
reaction of further quantities of reactant. Often only tiny amounts are required.

Kakum o6pa3om npoucxoauTt Katanus peakumm?
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Katanusa
The Dissociation Model for
Two-Atom Molecule
Chemisorption

The diatomic molecule is adsorbed on the
metal catalyst. Under adsorption the
molecule is deformed and the additional
energy connected with an adsorption
state arises. Therefore the less energy for
molecule dissociation is required.
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hydrogen peroxide — oxygen + water. (1)

2H,056  — O, * 2H,0,

Kak Bbl cMOXeTe noaTBepaAnUTb YBENIMYeHne KaTarimTu4eCKnx CBONCTB
ZnO, CuO n MnO, cooTBeTCTBEHHO ? ,
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KaTtanutuyeckme ceoncrtsa gna HaHokomno3suta Cu/C

Cu
2CH3OH+O2 —2CH,0+2H,0

The nanocomposite with nanoparticles
Cu catalyzes methanol oxidation at a
room  temperature. In the gas
chromatogram the formaldehyde
formation, a product of methanol

oxidation, is shown.

T
5,30
t, MuH

1 — methyl alcohol (MC);

2 — the formaldehyde solution (®A) in MC
that is formed after exposing MC over Cu/C
nanocomposite

Catalysis stages

1. Adsorbing CH,OH at
Cu active sites.
2. Desorbing CH,O and H,0O

Kakoi kaTanusaTtop ucnonb3yeTcs B peakuumn OKUCrieHUust MeTaHona?

YTo Takoe aKTUBHbIE LeHTPbI KaTanusartopa?

Kakune ctagun katanmsa?



Kinetics for FeNi,/C nanocomposite synthesis under IR heating (Russia

!

Patent Ne 2455225)

E_ =166,7 kIx/Monb, k =6,5*10"* MuH’'

2__&\ /\E-stkmm Y e 0oos (1) da/dT of a composite
o) e FeCl,-6H,0/NiCl,-6H,O/PAN ;
; « Heat-flow rate vs T:
A T (2) FeCl,-6H,0/NiCl,-6H,0/PAN; (3)

0,

o

2 FeCl,-6H,0; (4) NiCl,-6H,0

Thermochemical parameters

for nanocomposite synthesis

T T T T T T T T T T 1
100 150 209 250 300 350

Oopasen T,°C | AH, J/g

PAN 281,16 | -394,1

FeC13-6H20/PAN
c CFe=10 mas. %

NiC12-6H20/IIAH
c CNi=10 mas. %

FeC13-6H20/ NiC12-6H20/HAH
c CFe=CNi=5 mas. %

247,67 | -821,6

279,62 | -543,4

271,11 | -814,05

FeNi,/C, How can the catalyst be defined
Ce.=C\;=10 mas. %, SEM by TGA and DSC methods?




Carbon nanotube growth mechanism
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2C0 — C +CO,1
(1)

In this case, CO is adsorbed at the surface of Me catalyst particle. Here, there is
the reaction (1) of forming carbon and CO,,. Carbon is dissolved into the Me
particle. When cooled, carbon in the form of a carbon nanotube is evolved from

Me. How is a carbon nanotube synthesized ? :



Carbon nanotube synthesis

CH,, = C(s) + 2H,

4(9)
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1 —a quartz tube; 2 —an oven; 3 — a catalyst layer; 4 — a cuvette;
5 - a thermocouple

After blowing through the reactor 1 by using Ar and He (T=550-1000°C) CH, is
fed. CH, is sorbed by the active catalyst centers where the reaction 1 occurs
and carbon like carbon nanotubes and H, are formed. This method is called
chemical vapor deposition or shortly noted as a CVD method.

How is a carbon nanotube synthesized by using CH4 ?



FeNi,/C NANOCOMPOSITE AS A CATALYST
FOR GROWING CARBON NANOTUBES

TEM
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100

The catalyst is FeNi, nanoparticles.
The CVD method (CH, , H,). The set -
CCVD-2P; Tgrow=600 °C; d;, =3 mkm
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The nanocomposite FeNi,/C may be used as a catalyst for growing CNs. Metal nanoparticles
are uniformly distributed and promote the CN growth. The vapor deposition method using the
mixture CH, and H, employs. In the SEM photo, the tube containing a lot of carbon nanotubes

can be observed. The tube diameter is about 3 mkm.
Why is the nanocomposite FeNi,/C used as a catalyst for
growing carbon nanotubes?



MaTepunanbl B HAHOCTPYKTYPHOM COCTOSIHUM
3ABUCUMOCTDb

NMPOYHOCTU MATEPUANOB OT KOHULEHTPALUXN OE®EKTOB

Teopernueckas npounocTs o, = 0,1G

- - G - moaynb cosura. V4

Amopuybie cnnasnl)

Huresumnie
KpHCTALILL 7

O6nemunie
KPHCTANILL A

~ TpaanuuoHHbIC
KOHCTPYKIMOHHbIE )
MATEPHAIBL

HanocTpykTypHbLIC
KOMIOIHTLL o

IIpounocrs
(HanpsKenHe Ha pa3pbIB O)

Hanokpuerauimaeckue
MATEPUANIDL

O6BeMHanA WIOTHOCTE CTPYKTYPHEIX Ae(eKTOB

NonosuH HO.. BBeaeHue B HaHoTexHonoruro. M.,
2003.



3ABUCUMOCTb CKOPOCTU OAE®POPMALIUUN OT PASMEPA OB BEKTA

nerouanust BB
HA MOBEPXHOCTH /5
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COOTHOLWEHUE MEXAOY NPOYHOCTbLIO U NMNACTUYHOCTbLIO

IIpovyHoCTH
(uanpuMep, HANIPSIZKEHHE HA PA3PbIB O)

Teopernyeckas npo4HocThb O; = 0,1G

v

Il1acTHYHOCTD
(Hanpumep, yiapHast BA3KOCTb,
nedopmanus nepea paspyumenuem, K;.)
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MuHnManbHbBIE Pa3Mephbl 2JIEMEHTOB, HM
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CKAHUPYIOLLNNA TYHHENBbHbIM MUKPOCKOM
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CAMOOPIrAHU3ALUA
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Ge (STM) benoycoBa B )KVIAKOlgTVI



NMEPEMELULEHUWE ATOMOB MO NOBEPXHOCTU

a) CO a) Fe Ha Cu(111)

a) 6)

a) rOPU3OHTaNbHbLIU U
0) BepTUKaribHbIX CNOCOOLI
nepemeLlueHus




OTHoCUTeNbHOE KONUYECTBO KNacTepos

®YNNEPEHbIC,, U C,,

dynnepeHbl — annoTponHasa dopma yrrnepoaa
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KonuyecTB0 aTOMOB B Knacrepe

Macc-cneKkTp yrrnepoaHbIX
KrnacrtepoB



lNepBoOe nony4vyeHue chynnepeHOB C NOMOLLbLIO
rlasepHoro ucnapeHus rpacgpura

JNasep

e

Kamepa ocaxneHus
napos
yrnepoaa

He
—_— —_—

Macc-cnekipowmerp

Bpawaowpmics
Y rpaduToBbIN

AUCK

t

rpad)MTOBbIVI AUCK pa3orpeBsarics fia3epHbIM JTy4OM. MNMoTok renus YHOCUI napbl
N3 KamMepbl 4Yepe3 oTBepCTUe. Flapbl KOHAeHCUupoBaliuCb B BUAe Knacrtepos.

MNMoToK KnacTepoB 3aTeM CyXKaricsl KoNnMMaTopoM U HanpaBnsAsics B Mmacc-
cnekTpomeTp




