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SPD sy, glgil 51 52 °
Equal Channel Angular Pressing (ECAP),
Accumulative Roll Bonding (ARB),

. High Pressure Torsion (HPT),

Multi Directional Forging (MDF),

. Twist Extrusion (TE),

. Constrained Groove Pressing and Rolling (CGP and CGR),

. Cyclic Channel Die Compression (CCDC),

. Torsion Extrusion and Torsion after Extrusion (TE and TAE),

. Hydrostatic Extrusion (HE).
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Accumulative Roll Bonding (ARB)



215l (T



Yo @ b w5

(PVD) sl % 39 29 gy (U

Slr aY s S 69y 2 Wl (B gy g Bam ool b pie Sl ad) slaaigs Jlasl an s e

Sl Sglite o doo U pg 2uSST 5l Wil o logus ) Csloess @

0,5 gkl 09,5 50 4 Bam ool I baaisS (S 09 eluly (g ) PVD (sla b, @
PhgNS g s

258 )5 oo o Il sl il v auiw 5l o, slaassS (€Vaporation) s e ¢

g o 005 Bl Baa 5l Lewdl il Lawgs s JgSUse L lagsl (SPULtENING) sboss ,o @

conlpls 9 (1073-102010rT) oot sl ol JLid S o psed 3o, b ST3U ok pocgu, ®
S (205 8,97 5 080 b Y ) 59y et Sl Gl )b 5B 0 laJs)ge g LS



Nl 7 Deposit e | Sputtering
T arw : . Target
] SN
A/ (o] g o < e — Sputtered
o S ~ Target
o o Atom
®e
Evaporated .
atoms Sputtering —
Gas T —=" =
Thin Film = E =~ Substrate

o

Heated evaporant \—_—_—+ Vacuum
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:CVD o ol slicSly glgil

{A) Pyrolysis or thermal decomposition
SiH,(g) — Si(s) + 2H,(g) at 650°C
Ni(CO)4(g) — Ni(s) +4CO(g) at 180°C

(B) Reduction
S1Cl, (g) + 2H,(g) — Si(s) + 4HCl(g) at 1200°C
WF4(g) + 3H2(g) — W(s) + 6HF(g) at 300°C



(C) Oxidation
SiH,(g) + O4(g) — SiO,(s) + 2H,(g) at 450°C
4PH;(g) + 50,(g) — 2P,05(s) + 6H,(g) at 450°C

(D) Compound formation
SiCly(g) + CH.(g) — SiC(s) + 4HCI(g) at 1400°C
TiCly(g) + CH,(g) — TiC(s) + 4HCl(g) at 1000°C

(E) Disproportionation
2 Gely(g) > Ge(s) + Gely(g) at 300°C
(F) Reversible transfer

— 6GaAs(s) +6HCI(g) at 750°C



MOCVD (metalorganic CVD)

:CVD §£lgil

LPCVD (low pressure CVD)

aerosol-assisted CVD or AACVD)|

cold-wall CVD

laser assisted or LACVD

hot-wall CVD

plasma enhanced or PECVD
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Precursors Formula
Metal anode Pd, N1, Co
Palladium chloride PdCl,
Hydrogen hexachloroplatinate IV H,PtClg
Potassium tetrachloroplatinate 11 K, PtCl,
Silver nitrate AgNO;
Silver tetraoxylchlorate AgClOy
Chloroauric acid HAuCl,
Rhodium chloride RhCl;
Reduction Reagents

Hydrogen H,

Sodium citrate Na,;C¢HsO;
Hydroxylamine hydrochloride NH4OH + HCl
Citric acid C¢HzO4
Carbon monoxide CO
Phosphorus in ether p

Methanol CH;O0H
Hydrogen peroxide H,0;
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Polymer stabilizers
Poly(vinylpyrrolidone), PVP
Polyvinylalcohol, PVA
Polyethyleneimine

Sodium polyphosphate

Sodium polyacrylate
Tetraalkylammonium halogenides
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Hydrolysis:
M(OEt), + xH,0 < M(OEt),_(OH), + xEtOH

Condensation:

M(OEY),_(OH), + M(OEt)4_(OH),
< (OE)4« (OH), s MOM(OEY), (OH),_; + H,0

MOH 9 MOM :Jya.?u) ¢
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Graphene Oxide




(buckyball or fullerene) b Jb SUb (o
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(carbon nano tube- CNT) 2u,5 dglgili (o
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0.5to 1.5nm g >100nm
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