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Introduzione

Film sottile: strato di materiale con spessore << dimensioni superficiali (typ., 1-100 nm)

Crescita di film sottili € fortemente richiesta per applicazioni di ogni tipo (funzionali, es.
elettronica, ottica, tribologia e strutturali, es. hard-coatings, adesione, etc.)

metodi metodi

“fisici” “chimici”

(vapore (fase liquida,
elementare) reazioni,...)

Matching Temperatura
substrato (event. annealing)
(template) Sticking

con subs.

Mechanism of pro- : ‘Momentum Thermal :
fh;c!lor; of depositing Thermal energy tarihe SR Chemical reaction
pecies
'. o . High, upto  Low, except for e Moderate
REDEDOSLON TC 050 000 Admin. . pre moetals. S oderate Up to 2,500 A/min
i i Atoms Atoms Atoms, ions  precursor molecules
RRERogHon Speeies and ions andions and clusters dissociate into atoms
Energy of deposited Low Can be high To Low; Can be high
" species 0.1100.5¢V  1-100ev  FOWIORER G bloima-aid
Throwing power
‘a) Complex shaped Poor, Nonuniform Poor Good
- object line of sight thickness
“bjInto blind hole Poor Poor Poor Limited
Scalable towafersize  up to large up to large limited up to large

Crescita da vapore elementare (metodi fisici) o da
soluzione (metodi chimici)
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Problemi nella crescita

Lattice matching

Generalmente I'obiettivo € un film sottile
cristallino (es. semiconduttori, alcuni metalli,...) i
o policristallino (es. alcuni ossidi, ceramiche,...)

Crescita (etero)epitassiale: ordine piani reticolari ~ FItM
lungo I'asse c (per cristalli, ordine anche nel
piano ab, cioe tessitura biassiale)

+ T+

SUBSTRATE  f THEH
MATGHED STRAINED RELAXED
Growth and defects . Flgure 7-1. Schematic illustration of lattice-matched, strained, and relaxed hete
g7~ taxial structures. Homoepitaxy is structurally very similar to lattice-matched heter
4 taxy.
2 s [
ki bolek
N P h " Numerosi fenomeni contribuiscono
el ;u e a determinare la “qualita” della
_ZSUBSTHATE crescita

Figure 7-10. Schematic composition of crystal defects in eptiaxial films: (1) thread-
ing edge dislocations; (2) interfacial misfit dislocations; (3) threading screw dislocation;
(4) growth spiral; (5) stacking fault in film; (6) stacking fault in substrate; (7) oval

defect; (8) hillock; (9) precipitate or void. N _
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Crescita epitassiale

Nucleation and growth of a film proceeds from energetically favourable places on a sub-

raie suriace and even the cleanest polished surface shows some Structurg 1gure5
shows schematically the structure of a well-polished single-crystal surface, The charac-
teristic features are the terraces of length, Z,, the steps and the kinks within the step line,
which otherwise runs along well-defined crystallographic directions. If the surface diffu-
sion is fast enough a randomly deposited adatom will diffuse to the energetically most
favourable places like steps and especially kinks. If at lower temperatures the diffusion
is slower, several mobile adatoms may encounter each other within a terrace and may
form additional immobile adatom clusters within the terraces, Similarly, advacancies
and their clusters might be formed at the end of the coverage of a tertace. By reducing
the step distance and hence the diffusion length by vicinal surfaces, Figure 6, the step
controlled growth may be extended to lower temperatures,.

The details of the growth modes for the simplest case of
of a film on a single-crystalline surface of the same material, 15 indi :
discussed above, step propagation dominates at higher temperatures and/or small depo-
sition rates and two-dimensional island growth will predominate if immobile clustets are
formed by the encounters of mobile adatoms. This simple picture is, however, quite fre-
quently modified: if the jump across the step is kingtically hindered multilayer growth
will be observed—This enlarged activation energy for the jump across the step is called
ie Ehrlich-Schwoebel effectand can be understood in a simple model as the adatom 1s

neatly dissociated from the surface in the saddle point of this jump.
o
1 {r080)
Superficie vicinale m

(il

Da R. Waser Ed., Nanoelectronics and
information technology (Wiley-VCH,
2003)

Filgure 6: Change oF the dep distance, |,
by poming w surface at asmall snple o
muj o7 erystallngrephic direction

Logw, Tormang o viewal surface,

Terrace

tap Advacanocy
Step Clustar

Cluster

Advacancy

Figure 5: Schematic view of the elements

of the surface morphology [3].
a)

Diffusione e
barriera di Scwoebel

Figure 7: Growth modes

ol homoepitaxy:

(a) step-propagation,

(b) 2d-island growth, and

{c) multi-layer growth. 2004/5 -ver.3- parte 7 - pag. 4



Barriera di Schwoebel

La diffusione delle particelle che arrivano sul substrato (elemento essenziale per
avere copertura omogenea e formazione del film) € controllata da temperatura e
da barriere di energia per muoversi su una “piattaforma”, salire o scendere tra
“piattaforme” diverse

m Coefficiente di diffusione:

| D = D, exp(-E/kT)

AE

JUUUL AN
E, E. /‘E o
Barriera di Schwoebel:
\ energie diverse localmente

> X
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Crescita eteroepitassiale

1f we want to provw an epitasial film on a différent substrate (so-celledGeteroepl-
por rriaterial parameters have o be considered in addition: the surface energy, <
and The lattice parameter or lgdice match of the two materials. For The case of good [&1-

tice match e differcnoe in surface energy leads to two different prowth modes as indi-
cated {1z Fignre 8a and b, As long as

@

TMayzr + Tuabvsimaie lyer = wibstra

wi abserve perfect wetting ;lmd oure layer by layedor antnlwder-:’tfm'agranr OFor
‘the opposite case, we obsegveTaland or thﬂeraﬁ'ebe : ation the
surface energies of the erysta Ogrs q 1ntem-31 must be spplied,
which are offen not available in dats Peference t.nbies If thera 15 a lattice mismatch
hetwt!u substrate md flm, sn addrhomt prowth mode may be oaﬂmfed as mdicated n

which }"u: 5 cr;gy W'th prowing ﬂ'nl..-km:.sa rh*s stTain n:'narg}'
increases in pmpurum v the strained volume and en islend formarion may become
tnore favourahle in sp'-Te of the larger surfﬂr:e nreq

an qguite generally be deserbed in &
simple : i nergy between igland growth and layer
otk is gn‘c:rl by Eq {.‘5} Emd |||u5tml:l:d._u Figure 9.

AW = Wia + Wigle, = const 3™ —consty i d ()

k= bulk modulus, £ = strain
Considering films of the same volume en ,511 aurfase energy for the

il e O

island growth Figure 8h, is propadional to the island ares, & . wheress the enerpy
released by relaxation of the kitice 1s proportional w Thedsland ; i
mode whach is characteristic of isolated islands iz shown in Figure 10 for a case where
the film material has a larper bulk lattice parameter than the subsiraze. The model pre-
dictsacntical value, 4., where the island growth is finally more fivoura

decrease of the energy for [arger sizes. However, the [imils of the model are reached in
this refion & the simple relaxation mode 15 obviously oo longer valid for large sizes:

£ s

=

i 3
& &
% &

1103}

{100

Fignee 10: Strainvelasaton by moadin didhecations  tetrigonal ddoetion of e il By oot didosy:
fou the mcarmple of beo indlinlly cubic crenmls. A Gons this simin cas be relased and the fiftm s
ine film has a larger laghce pomsiant thon the b re=opproach i cuhic smudiurs.

wirste the forced matching i the [nperlves yieldd a

444+ 2444+ 44
i S

(b)
Elgure 10: Soaimn relaxation in piewdo-
rnarphie {6 slogation - free) islands,

w:.nf w

y

AN

Wuﬂf

Stranski- Krastanov
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Figure 8: Growth moedes

: Figuee %: Ene it rab fumck
of the hetero-gpitaxy, e s Aot

of the islend slze [5].

Eteroepitassia regolata da rapporto tra
energie superficiali
Possibili difettosita (misfits) dipendenti dallo
spessore
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Crescita delle isole I: nucleazione
Nucleation

This phase of growth is based on sponrtaneous formation of agpregate of afoms
wiiich is large enough fo be energetically stabie.

This condifion s reached when the gain in volume energy for an addiffonal
monomer exceeds the energy loss due fo sutfuce formation

Kinefic concept (Venabie’s model)
Critical cluster of size £™ Dadding a further monomer o a critical cluster leads to a
stable cluster which does not decompose anymore.

Assumptions o

1. All stable clusters can be considered a group in the form Nx = Z N(J)

2. The number of subcritical clusters reaches a steady-state F=1%+1

Rate equations

dii nod d A3

Lop- 2L | B rorieer || D oty N S

dt T dt dt dt dt
F=Aj N_

Modelli a rate-equations per la crescita di isole

Materiale tratto dal seminario di Barbara Fazio
IPCF/CNR Messina, Aprile 2003
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Crescita delle isole IlI: coalescenza

Coalescernce

During a film growth process, when the experimenial conditions past the

rucleation regime and favor merging of ciusters, the system continues to
evolve towards a coalescence morphology.

In this regime has been characterized the following three cluster growths
(Beysens et al.):

Nucleation and individual cluster growth without cluster densily rediiction

or pre-codalescence and Iransient coalescence stage (diffusive mass
transport limited growth)

Cluster merging oy lafe staee of coalescence (Static and dynamic)

Secondary niicleation and cluster growth on exposed fraction of suiface.
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Esempio di studio di coalescenza
(fasi iniziali della crescita)

Experimental study of coalescence regime in the system Ga on GaAs(001)
(M. Zinke-Allmang et al.)

sBase pressure <5*10° Pa

*Deposition equivalent fo a coverage of about 13 monolayers at room Iemperature.
s Annealing femperature = 660°C for 5 min.

(B)

s e Ga/ GarsiDOT)

+

0=

- l

a9 i o 00
5 e L]}

Good agreement between experimenial resully and fheorefical model of coalescence

regime (even if microscopic detalls in Monie Carlo simulations differ from the
experiment guite substantially)

Coalescenza/nucleazione:

Dipendenza da caratteristiche
processi concorrenti

del substrato (diffusione)
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Deposizione da fase di vapore

2.1 Gas Kinetics

The residual gas pressure in the gystem is one of the basic parameters to be controlled
during film deposition as the residual gas atoms may collide with the depositing species
or may hit the prowing surfaces and may thus be incorporated m the flm, Figure 1. For
{he simplest assumption that the gas atoms may be considerad as not interagting masies
with & Maxwell velocity distnibution we obtiin the mean free path length, A, of the
afoms or molecules

1

N T i

d = molecular diameter, ¥ = mn{:erlfralmn of the gas. With the law of the idedl gas:
= piig 1, by = Boltzmanm conslast v A

(2)

For the exarmple of gir molecules we obfam = free path length which is of the m‘ﬂﬂ' afa
typical distance from sonrce (o substrate of about 20 cm at a pressure of 0.5 -10°* mbar.
Tl'us rather moderate vacuum level ilcrws that the bearn interaction ns nixt a critical con-
AlcHs which il

2.2 FThermodynamics

Phase-diagrams ark the starting poeint for considering the deposition of 4 new material in
order T wee e stability range of the cﬁvis.aged phase and the existence of concurment
phases. Standard phase diagrams are gﬂ-'en el aml:nm[ pn:ss‘um, however, nlfﬂngcs with
pressure must be considered for vas : re-3-ch

example the phase diagram of the o
change from ambient pregsure down 1o the ; 1

change compared to atmospheric pressurs and we obssrve a w :d.e cange of stability of
the mixed homogeneous erystaliine phase, &, of Si-Ge {the decomposibion of this heme-
gengous phase al very low lempemnire is somewhat speculative). At higher termpera-
tures the liguid, 1, to solid (crystalline) phase transilion is indicated and above 2000 K
the liquid to vapour. v, transition is shown. With depreasing pressure there is a strong
decrease in temperature of the |-1. borderlines amd even an overlap with the o=l lines.
FmaJ.Iy', in the THY region, 10" mbar, the liguid has disappeared and only direct subli-
mation, ¢, v is left at temperstures around 1100 K, Henée, re-evaporation of the material

under UHV condifions and high ternperatures must be considered. In agdition, a com-
parizon with the deposition mites and gas pressures discussed along with Table 2 shows
that the depasition of the Abms usually proceeds under high supersaturation. i. €. condi-
tions far from thermedynarmic equilibrivm,

A . | i3 the Tagmber of remdual
the growing sutface and limit the parity of the filnn if they are incorporated. This number P 10" moar
can be expressed a3 . - T T T T T
3 —— 1+
3 3000 |- - 2000 - -
I ¥
m, = atomic or molecular mass. Typical resulra are snmmarized in Tab. 2. Assuming & 1500 | 1500 = -
qucl-:mg coefticient of unity, the ingorporation of resicual g:as aimm may be cxpressed i | E
terms of monolayers and this growth Tate may beFather highns compared 1o a typical [~ iy T Y —_—
growth vate of an epitaxial film ie., one monclayer /s Hem:-& fnr clean filmsalira-high 1000 - 1006 - 5
<srmm (UHY, heﬁer'ﬂnnlﬂ”mhar]mayben@D : ¢ . e
500 i 00 Il
i " '_,,..--"-_-_-T-___-"'-—.‘“
; ' Sl las s o | pEEy . y ' Hiiatals I
10 6.5-10° 6.7:10° 2,810 33107 oo 02 04 OB 0B 1.0 ”'E‘: S . weE LB G‘;
= & * e
16 6.3-10" 6710 28107 33108
pi® f.8:10" 6,71 ZR10" e 1 Figure 3z x-T phase dizgram of the
10* 6.810° 67107 2810'! 33104 Hizpie mummm Ayl A rbor (3]

* Assummg the condensation coafficient 15 unity

Tuble 2 Seie fiets about residusl airat 2570 in a ypical vacwam gsed for film deposition (afier Chopra [21). Fisica delle Nanotecnologie 2004/5 - ver. 3 - parte 7 - pag. 10




Vaporizzazione (effusiva)
Termnperalure in Degrees Centigrade
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Molecular Beam Epitaxy: MBE, MOMBE

 ULTEAHIGH-VACUUM

MASSE
:L:'i:::"““\%i\ e Elementi chiave MBE:
GU L uuren __ et - alta pulizia (UHV, p O 10-1%mbar)
NTROGENCODED [ e - basso growth rate in continua (~ 1 pm/h)
EFFUEIHI CRYOPANEL

- operazione con tutti i semiconduttori
~ HEATING ﬂ
(K111
elevato controllo spessori a livello atomico
: alta purezza
t.-'-- ] - -
s '“"’“' =4 fabbricazione eterostrutture

(&l

UETRARIGH-VACUUM
CHAMBER

SURETHATE
WAFER

LIQID NITHOGEN-COOLER

OrganoMetallics

(MO-VPE or MOMBE) Forno effusivo (EPI):
CUACAER FOE Rik, alte temperature
OAGRNDNETALL s --> reattivita materiali?
Da M. Ohring, The Materials L
--> pulizia?

Science of Thin Films,
Academic (1992)
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Sorgenti per MBE

3.1.1 Sources
The schematic of the classical MBE sourcs, tlustra.lrbd in Figure 13,
The evsporation rute, N, is described by the Herlz-EKnutdseri (or Langmuir) equation:

T
T JimmbaT 2

b, is the equilibrium vapour pressure and 4, the area of the aperture [7]. Thereforg, the
source can be precisely controlled by a single parameter, the temperature. However, the
lachmical detzils are very complex and inmlw more parpmeters than shown in Bg. (6)

Figure 14 shows the prmmp!e
magnetically defiected by 270" and is cene mkznﬂl In this way 2 melt
of the source marerial is pmduoedﬂn a block of ﬂ:re same material which can be held in
a warer-conled cold criucible in order to svoid contaminanon of the melt.

® i T {fuzource 5l
maien S
e 9° 10° 5 lci (@) "
207 20° l C siacton beam
0. age S far { 1; a/ ;
¥ ; coflacting i I| f rl" ~ (2707 benf)
0.8 slrgy "c-
K glectrons = = alaeteni
I st
L 2 59'5 | 8~ BOLTER
EE’=U 05
0.4 1
2.3 ; waler cooied copaer crwohie
0.
a4 Figure 14: Schemitics of & electon beiam
evaparator for Sievaporation [7]; B Si guard

/ ring, O cicher for backsattered eleotrons,

L

Figure 13: Schematics of a Knudsen cell and
the distribution: of the vapour beam intensity [7].

he eloctmn beam L

Consider now 4 substrate positioned 2 distance [ from a source aperture of
ares A. with & = 0. An expression for the number of evaporant species
striking the substrate iz

. 3.51 % 10%P4
R = _F{T?"]ﬁ_ molecules fem®-sec.
= .

{7-13)
As an example, consider & Ga source in a system where 4 = 5 em® and
[=12 em. At T =900 °C the vapor pressure Py, = | ¥ 107" torr, and
substituting M, = 70, the arrival rate of (a at the substrate is calculated 1o
be 1.35 % 10 atoms/em®-sec. The As arrival rate is wsually much higher,
and, therefore. film depusgliun is controlled by the Ga flux. An average
monotayer of GaAs is 2.83 A thick and comtaing ~ 6.3 = 10" Ga stoms fem?,
Hence, 4 pate is caloulated to be (1.35 % 10M) /(6.3 x 10™) x 2.83
a rather low rate when compared with VPE.

800
TRT.O0
78 30
786 00
784 00
782.00
TOZ L0
PR
7BC00
TTE0H
TrR00
T7T00

Da M. Ohring, The Materials
Science of Thin Films,
Academic (1992)

F"HH rl |

e of crncindim wedl pieiblsesrine e

Thigkness. uniftermily aoross o 37 wojer represenied -

The MO steicpiery wes

The distribution depends on the ratio Ly/d; and
consequently on the filling level of the cell.

e devimer d SEOON Cra opdd e o MO GEN I svvtent, Unifarmiy btter
rhrw 1M war achievedd. Dato cronertesy B, Beckv, O hter State Dintvesy ity cord
o Biene. Maritwee vierar Tlirmvesinniy
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Crescita di monostrati via MBE
0,0 Intensity

Crescita di monostrati
controllabile con diagnostiche in-situ
(es. RHEED)

T=20°C

Intensity

e S S—
0 1 2 3 4

RHEED SIGMAL Time (min)
2001
T=180°C
150
=)
2 100
i
i {
50
0 B T S—
0o 1 2 3 4
Time (min)
000 T=250°C
I \/\W
_éu
5 [ (K}
E
. 50
Figurs 7-22. Real space reprosentntion of the formation of a single complew frtoTio-
layer; § is the fractionul inyer coversge: corredpending RHEED oscillation signal i gﬂ s
Time (min)

Figure 19: STM and RHEED results for the
Controllo accurato dello spessore del film fino a home-epitaxial growth of Fe films on Fe(100) sub-
strates. The growth was interrupted after 5 oseilla-
livelli molto bassi (mOnOStrati) tions, as indicated by the arrow, The scale of the

STM was changed between part 2 and b! The rough-

ness of the films decreases strongly with tempera-
ture: rms (root mean square) amplitude 0,116 nm ,
0.095 nm and finally at 250°C 0.06 nm [9].
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Sputtering (e bombardamento con cariche)

Particelle cariche (ioni od elettroni) accelerati verso la superficie di un target solido
--> desorbimento (via numerosi processi) --> vaporizzazione (non solo elementare)

REFLECTED
IONS / NEUTRALS
c
SECONDARY
ENERGETIC %’t.*.‘;;,’;fSEE ELECTRONS /
PARTICLE REAGTIONS _ e
0 ENERGETIC
RSN P, R
RegEpesmED O pugrons / (spurmenep
.o ATOMS (IONS}
ADSORBED~
SPECES 2O ——» QO /
o &) \ k (BACKSCATTERED)
RECOIL—=
SURFACE | IMPLANTED LATTICE e ~=SURFACE
REGION s DEFECTS [
L \x | 'A‘!!-EEIHCJEND.
DISPLACEMENT N
1 |
_ I COLLISION
NEAR - IMFLANIRD TRAPPING | O CASCADE
SURFAGE LA
REGION Vo
CHANNELING

Da M. Ohring, The Materials
Science of Thin Films, 16. Depiction of energetic particle bombardment effects on surfaces and growing films. (From Ref. 18).
Academic (1992)

Punti di forza principali:

- efficienza anche con materiali “refrattari”, es. ceramiche ed alcuni metalli con alta T, ,
- alti growth rate (fino a diversi pum/h)
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DC, RF, Magnetron sputtering

Sputtering: cariche (accelerate) prodotte da plasma, tipicamente di gas inerte,
prodotto in continua (DC) o con radiofrequenza (RF)

NATGHING
NETWORK 13 15\t
-0 — (el
11 INSLULATRCN Tl
— ——~—TARGET —[——1 l e
GLOW DISGHARGE GLOW DISCHARGE | 7T
BUBSTRATES
ANORE

SRUTTERING VAGUUM

I?.F.Sm

Flgure 3-13, Schematics of simplified sputtering systems: (a) do; {t) RF.

Table 34, Spunering Yield Data for Metals (atomg,/ion}

B

SPUTTERING WADW

=

L

D,

Ar

SputtetingGas  He Me Ar Kr  Xe Ar  Threshod
Energy (=¥) 0.3 035 05 05 05 |10 VolageeV)

Ap 0.20 L77 32 327 332 38 15

Al 036 073 108 0% 082 10 i3

Au 0.07 108 240 3056 30l 3.6 0

Be 024 042 051 048 033 15

C ogr — 011 0a3 oas

Co 013 0% 122 1.08 108 pLi

Cu 0324 180 235 235 205 1.83 17

Fo 015 088 110 LO7 L0 13 20

Cie 008 068 11 b1T 1M 25

Mo .03 048 080 087 08T 113 24

Ni 016 110 145 130 122 22 21

L 0.03 063 140 132 193 rL

5i 013 048 050 050 042 0%

Ta DOl 028 057 0A7 0.8 26

Tl DOT 043 051 048 043 20

w 001 028 057 091 1L 33

FIEL
HOPPING
. ELECTRAONS o
el f__ e
[ "'_’\: '—.3'1:-' _: _}ir
i
\}\ N
M‘-\\, \."3 5S4
WO 5 .
N\ \'\.-—-—F-jj#; i
NN N
N _— ‘“ERcsion
£ TRACK

Figure 3-21. Apphed ficlds ond electron motion in the plams

Campi magnetici aumentano ionizz. collisionale

Principali svantaggi sputtering:

- presenza di gas ambiente (per il plasma)

--> scarsa purezza
- possibilita backscattering
--> danneggiamento film
- scarsa efficacia atomizzazione
--> scarso controllo crescita
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Confronto vaporizzazione/sputtering

Evaporation Sputtering
SCTE A P of Vgo S
¢ . ' 1. Thermal evaporation mechanism 1. Ion bombardment and collisional
Academic (1992)
momenium transfer
2. Low kinetic energy of evaporant 2. High kinetic energy of sputtered

. Condensing atoms have relatively

. Grain size generally larger than

. Few grain orientations (textured

atoms (at 120K, E = 0.1 eV)

. Bvaporation rate (Eq. 3-2) {for 3.

M =50, T=1500K, and P, = 103
= 1.3 % 10" atoms fem?-sec.

» Directicnal evaporation according 4,
to cosine law
. Fractionation of multicomponent 5.

alloys, decomposition, and

evaporant-substrate spacing.
Evaporant atoms undergo no
collisions in vacutim

ptoms (E = 2-30eV) -Il
Spuiter rate (at 1 mA /em® and

5 =72~ 3 x 10" stoms/cm>-sec
Directional sputtering according to

cosine law at high sputter rates -Il

Generally good maintenance of target
stoichiometry, but some

dissociation of compounds dissociation of compounds.
. Availability of high evaporation 6. Sputier targets of all materials -II
source purities are available; purity varies with
material
B. The Gas Phaze
. Evaporant atoms travel in high or 1. Sputtered atoms encounter high-
ultrahigh vacuum (~ 10~%-10—10 pressure discharge region
torr) ambient (~ 100 miorr)
. Thermal velocity of evaporant 2. Neutral atom velecity — 5 x 104 -ll
10° cm/sec em/sec
. Mean-free path is larger than 3. Mean-free path is less than target-

substrate spacing. Sputtered atoms
undergo many collisions in the
discharge

C. The Condensed Filin

low energy
Low gas incorporation

for sputtered film

films)

2, Some gas incorporation
3. Good adhesion to substrate

1. Condensing atoms have high energy -II

<

4, Many grain orientations
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Ablazione e deposizione laser impulsata (PLAD)

Interazione fascio laser impulsato/bulk solido
--> ablazione (vaporizzazione) localizzata materiale

excimer laser beam

focussing Laser tipici nell’'UV:

lens a4 I
window ~—8T 1 T - eccimeri (XeCl 308nm, KrF 248nm, ArF 193nm,...)

E&\&‘_, - Nd-YAG 1064 nm (lll o IV armonica nell’'UV)
N
o

- impulsi: ~ 10 ns (ma anche sub-ns)
- fluenza: 1-5 J/cm? (cioé centinaia di MW/cm?)

L
"
i A

‘¢ ~-substrate heater

substrate | 5 Processo impulsato e tempi caratt.
+ deposition chamber

_;-'%\_- thermocouple
multitarget ‘ , -
carousel holder

o
o

of PLA (according to Singh and Narayan, 1990)

> '|l / find stape .
B peree h:g: singe : |asar-plasma
Sar g interaction
’ substrgts %\ 0-20 ns
4 : ]6-20 ne s
‘ mass flowimeter
‘\ St O

Y ODC motor 0 sl "

oo Ve Ve Ve Ve Ve W W QES ”-Ilet Mird stage M stage

plume thin filem
i thirt flire
purmp zeolite trap : ;;'\ R Ge s N mmﬁ
R \ @ é
fop view
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Accoppiamento laser UV/target

Processi di assorbimento di origine elettronica (anche con rottura di legami)
--> ablazione fredda

~. Hescrbimeanto

M atiriale NRCO ai M
pocilaziono elettronico Condutiivita rormica 025 T 8, T3 K TTaT5 Tand K
etettronica : W omd BT 12, A K POs T, el T<1726 )
5| eccitazione :, desorbimento Coetfiiinte @i 175010 51 5w 106 1o
> ; ;
.r? reticolo termico ¢ | ssscebbenenio om! )
. . Riflethivite L 0,549 40
(pr Ap, =30 ) LT3 (Fase lguidal 0.7 (Fase Huidal
Fig. 2.3 Schema dell'approccio microscopico al problema dell'interazione lase — 1900 3400 147
& PP P B Trenpora
maleria. evapogn rione (K}
Ei Calore latente 14940 4206 2l
iy | stato eccilalo: ] i) /em®s
b, | coppieh -stato eccitato ; Pl Calore sperifico 246 2xT-3.68 072x793, Tesan K
g - i
3 localizzato nel ; ; Jart K 05T, Terdn 8
hlessr raticofo siaio predissociativo ! L
i superficiala S _superﬂcie Tab. 21, Valori del purametr termafisicl e oitich per divers: materiali (da {52, 531,
b, +
¥ ! i atomi
Pt |1 da“ I;uiid : z;r;;h decadimenio radiativo descrbiti
3" g non-radiativo

superficie

bassa O

Fig. 2.4. Schema dei processi di interazione laser-materia che conducono alla
. liberazione di materiale dalla superficie di un target dielettrice (adattata da [37]).

" 1 ; s dd di 5 v ealore
Fig. 2.7. Range di assorbimento di radiazione by o di ditfusione del calor

maateriali con bassa

rispettivamente); indicato ¢ anche |'asse z considerato nel testo

Alcuni vantaggi della PLAD:

- grande efficacia con ogni mat.
-riscaldamento molto localizzato
- congruenza

g m

od alta diffusivita termica D (a sinistra e destra nella ligura,
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Peculiarita PLAD

23.2 Stima semiempirica della profondita di ablazione.

Uns stima della profonditds di ablazione pub essere data in mod
semiempirico considerando ii bilancio tra Tenergia assorbita dal @rget e quell
necessaria a produrne la vaporizzazione. Tenendo conto delle perdite pe
irraggiamento e conduzione (Egnd) e delle perdite dovute all'assorbimento da pan
del plasma che si forma sopra la superficie (Epj), secondo i processi che sarann
discussi nei prossimi paragrafi, lequazione di bilancio s scrive [29]:

Econd + E :
=Ry (1L - )=z p CpAT+1) @7

oo
R ; riflettivita del target;
Az spessore di moteriale ablato; I
AT vaurmente di temperstura che conduce allablazione:
S | superficie irraggiata dal laser
L : calore latente di vaporizzarions
L'approssimazione semilempirica consiste nell'introdurre la dena:d
o -er.ergm di soﬂm defl'ablazione Ipy; ponendola pan alle perdite di energia pi

2 8) '

Lo spessore di materiale ablaio per Iy = 0 T/em? ottenuto dalla (24
utilizzando | parametr] riportati in Tab. 21 per I'YBCO € ponendo Iy phr = Y
{misurato nel corso dei nostri esperimentl) & Az = 700 A, simile a quello da
determinato dalla misura della quantits di materiale ablata per 1'YBCO [14]
corrispondente alla rimozione di = 0.5 pg di materiale per colpo laser.

Alta efficienza E
accoppiamento %
laser-solido
== T Tvap
(= 2500 K)

Energia trasferita dal laser al targ
Ionizzazione e F
riscaldamento plasma ¢
(ne 2 1018 em2, .
Te = 20000 K) gg

Formazione plasma
[
: sea oy B
Espansione e collisioni vy,
Con Ossigeno ﬂ
=5 ossidi V.
Y clusters Vel
Ar
Reattivita 4|
8,

v SUBSTRATC  Arrivo sul substrato di

Ulteriori vantaggi PLAD:

- elevato tasso di ablazione per laser shot

- elevata energia cinetica particelle ablate

- elevata direzionalita

- possibilita reazioni collisionali (gas ambiente)

atomi (neutri e jonizz.),
ossidi molecolari e clusters
con elevata energia cinetica
(v=105-106 em/s)

= depositi in-situ

Molta energia trasferita al film in crescita
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Limiti PLAD

PLAD diffusa in ambito di laboratorio per film di materiali “difficili” (es. ceramiche
supercodulttrici, ferroelettriche, ferromagnetiche, ossidi,...)
Puo essere usata anche per formare nanoparticelle (CNT, Si-nanocrystals,...)

Substrato

Alcuni svantaggi PLAD:

- copertura piccole superfici (~ cm?)

- scarsa omogeneita superficiale e
formazione droplets

- difficile diffusione industriale (laser)

- scarsa resa complessiva
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Tecniche chimiche: Chemi

4 Chemical Deposition Methods

Chemjcal deposition generally includes chemical soiution deposition {CSD) as well
chemical vapour depusition (CVD), [n both cases, chemical procursors are employe
which undergo chemical reactions for the formation of the film. We will place speci
ernphasis on CV I as this method finally allows the deposition of ultrathin films and the
conformal dzposition on complexs-shaped siructures which are essential for ULSL CST
includes sol-gel eehniguss and metal-organic decomposition MOD and typically uscy
spin-on techniques fur the distribution of 4 solute film which is subsequently processed
and crystallized. Finally, we give & short introduction to a very different method for dep
osition from solutions, the Lungmulr-Blodgett (LB) technique. LB tochniues allow
the deposition of monomelecular vrganic films on different substrates making use of the
hydrophilic/hydrophobic erentation of the molecules,

Carrier gas + z Carrier gas +

reactants unreacted reactants +
“ A ] "'i products

4
Adsorption of : B Desorption of
reactants ,j reaction products

Figure 30: Schematics of the gas flow and the atomic
scale chemical environment in the region of the growing
film surface during a MOCWVD process.

cal Vapor Deposition (CVD)

4.1 Chemical Yapour Deposition

The general principles of CVD are well established and a nomber of reviews and |
books are gvailable [20], [21], [22], which cover mumny generic 1ssues COMIMON b &
type of material. In VI3, film growth occurs through the chemical reaction of the ¢
ponent chemicals {i.e, precarsors) which are transpomed to the vicinty of the sub

via the vapour phiase. The film-fonning chemical reactions typically unlize

encrey from a heated substrate as depicted schemateally in Figure 30, Other more spe-
cial mcthods, which cannot be discussed here, couple non-thermal enengy sources such
83 BF or rmérowave powsr or light into the reaction process in order to reduce the ther-
mal reactiof temperatire required. n order to complete the system, & delivery system
for the precursors and, finally, an exhanst sywrem must be added. The most straighifor-

ward type of CVD imvolves chemical precursor compounds that are sufficiently stable

"~ gasts and such progesses are standard processes in CMUOS lechnology for the deposihion

—of msulators and interlayer dielectrics like poly-81, 8i(),, SiN_—and BPSG glasses.
Figure 31 shows the schematics of @ reactor for bandling large batches of wafers sinml-
tancously, Examples of the reacions involved are the thetmal decomposition of silane,
SiH, , for the depasition of

v Poly 81 5iH, = Sils)TiH: al 580-630 "C,
and @ pressure of = 1 mbar,

o Si-Mitide;  ISH,+dNH, = SiN;+1ZH; @ 700900 °C,
and atmospheric pressure;

¢ Si-Dioxide: SiH,+0, = S8i0;+2H; Bt 430 °G;
These Si0, films are usually under high stress and i-llhcmfnm —
tive Toulcs using organic precursors have been velopedl eg., the TEOS

{tetra-ethvl-ortho-gilane) process:
SIC,H0), +12 0; = SiDy+ B CO, + 10 HyOat 700 °C.

Similarly, for the gra¢essing of many metals and awpc:ta]ly Ihe gmup-ﬂ metaiy, special
precursors in Lhe form of oreamometeticconpouands : claped and a special
sebgroup of CVD (echnigues, mztal-orgmin-l’.‘? [ % therefore evolved.
Efficient, reproducible MOCWD processes h.mgf critically Tpan pracursors with high
and stable vapour pressures and the chemistry is therefore the decisive step in the devel-

oprment of MOCVD.
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Precursori per CVD e MO-CVD

4.1.1 Precursor Chemistry and Delivery

Ouoly a sufficisntly high vapour pressure enables vupamup!'ﬁs: mixing of precursor com- O OnM
ponents and iransport of the reactants to the growing film and 2 ur pressuce of
= (.1 mbar gt 100 *C is considered to be a lower limit. @@M
the precursor vapour is required to prevent premature reaction ar decomposition of the {o
précursor dunng vapour phase transport; these reguirements charactenze a process wir- M
dow between vaporization and decomposition: of the precurser. Additional reguirements |_5

= |

are hang-term stability of the precursors (e.g. kow moiswure sensitivity), complere decom-
posiion (no contamination of te film e.g, by fluoring) and last but ot least o toswity
and emarormental regulatory requirenients.

the precursors are conventional metal organic compounds, 1, e, M-R systems, For heavy i _@
carione [especially group-11 slemenis), a reasonable volanlity is often reached only by |

sganommetallic precursors, eg, by S-diketonares with several alkyl groups, such as in )
wiramethylbeptadionates {thdy (and this type of organometallic precursar is the origin of
an alternative acronym occasionally osed: OMCVDY. The two keto groups chalate the phanA
cation while the ower alkyl proups effectively shield aiy polar region of the molecule,
Typically two {thd) ligands ere reacted with one cation vielding Ba{thdy,. Since the cuter
shell of this melecule consimis entirely of alkvl groups there is only a weask
van-der-Waals interaction between neighbouring molecules and, hence, a relatively low
hoiling remperatore. For cations with = higher electronegarivity (i.e.a lower tendency to _L fﬂ

W —

is d]ffmnt f:mmp[ecursms used for the MOCVD of compound El.'.lmwnducmrs where r -
J n

form ionic bonds), atkyl compounds, such as Po(C,H, ), and alkoxide compounds, such
as THOH HL )y, ey give tise to a sufficient volatility [23].

The different wypes of precursors used for oxide deposidon are summarized in
Pigure 32, The main applications Tor the present iopics of IT are incTuded in the figure:

&, the diketonates for Ba and Sr, thd = tetramethyiheptadionzte, alkoxides for Ti (TIP .M, 0
= titmrumisopropoxide = TO--Pr, ) and Zr. Mixed precursors like Ti(O--Pr) »(thd) it
are also used to iru:n:aﬁn: compatibility with other precursors. [n addition, adducts or sta- “"!

R.=H,=CH, ineetylasstiorats)
R,=R;=C(CH}; [lmst ety aptadiarate) Ba(the ), Srilnd)s
R =0(0H, L, RECF,  (eoesdimethyINenansaorats )

R=0I0H,, Fa=CF, hapsfluonodime: nloctanadionala)

R=H =CF, {hoxnfiuorsacetyioatnnaia)

Flzure ¥1: Selection of
precursor molecules S
oxide deposition [25]

GH,
I 'L telra-ethyl-lead
W P i
In S
CH,
sjekniinladieniie tatraatnd
............. A . w triphanyl-Bi
R=CH, {mathoxide)
R=GH, |mshoxibe)
B=CAGH, ), ebulsside) Zr -tari -buioxide

ThieZuae-Fumacs
(RN RS

bilizers ure used in order lo avoid reactions and oligomerization e, tetraglyme or
pmdeta. Most of these precursars #re liquid o7 solid at room tenmperature and reach a sul=
ficient vapour pressure only of elevated temperaware, Thevefore, special delivery systems

are necessary, i.6. bubblers or liguid source delivery systems,

Flgure 30 sohemane represenimtion ol
& bot-wal L liiple-swifer tnstube VD - pag. 23
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Altri esempi di reazioni per CVD |

Da M. Ohring, The Materials
Science of Thin Films,

Reazioni in fase di vapore a partire da precursori di varia natura Academic (1992)
(solida, gassosa, liquida) usate per produrre i componenti elementari del film

Alcune reazioni per metalli e semiconduttori:
A4.2.1. Pyralysis

Pyrolysis involves the thermal decomposition of such gaseous species as
hydrides, carbonyls, and organometallic compounds on hot substrazes, Com-
mercially important examples inclde the high-temperature prrolysis of silang
o produce polyerysialline or amorphous silicon films, and the low-temperaoire
decomposition of nickel garbonyl to deposit aicke] films.

Sy, =S, + My, (650°c), Si (4a)

Ni(CQly,, — Nig,, +4C0,,  (180°CY. N (4-2)

4.2.3. Oxidstion

Two examples of important oxidation reactlons arc
SiH gy + Qg = Sy + 2Hy,
4PH,,  + 50, — 0y, + fHa

{450 *c),SIO,, (+6)
(450 =C). (4-7)

The deposition of §i0, by Eg. 4-6 is often carsied 0w at o stage in the
processing of integrated cirouits where higher substzate temperaiures cannot be
tolerated. Fregueptly, about 7% phosphorous is simuitanenosly incorporated in
the 5i0, film by the reaction of Eq. 4-7 in onder W produce a glass film . thist
flows readily to produce a planor insulating surface, i<, planarization. ™

In another process of echnological significance, $i0; is also produced by
the oxidation reaction

. . _ $iCly,, + 2y, + Oy, = $10,, +4HCL,, (1500 °C). (+8) gi
Vit g aa— m‘m AHo Rl b The ovenrunl application hete &5 the production of optical fber for communica- 2
teem exmploved for over a ewary. n he- mesatlurgloat tefintig of N, tloms purp-ascjpiiuhcr than @ thin film, the 5, forms a cotton-candy-like

deposit consisting of sout particles less than 1000 A In sige. These arc then
4.2.2. Reducilon consolidated by elevated temperature simering to produce & ﬁﬂly_d:m silica
rod for sehsequent dnwll! lnto fiber, Whethur silica film depasition or soot
These reactions commonly employ hydrogen gas agghe recucing agent to effect formation occurs is governed by process variables favorable 1o heterogeneous
the reduetion of such gaseous species as halides, carbonyl halides, oxvhalides, or h.u-mn@mwm nu-.hatm :c:qmmveh.r. Humng:m:ﬁ.ﬁ oot formution is
or Dl_her OXYgen-contaming compounds, An imporiant exampls is the reduction essentially the result of a high SiCl, conséniration in the gas phase.
of 5iCl, on single-crysral 51 wafers to produce epitaxial Si fms according 1o
1he R 4,24, Compound Formation
§iClyy, + My, = Siy,, + 4HC,,, {1200 "C). Si (4-3) A variely of cartnde, nitride, boride, e, l'|Imla and coatings can be reudily
peoduced by CVD techalques. What is required is that the compound clements
Refractory meial films such a5 W and Mo have been deposited by reducing the exist in a volatile form end be sufficiently reactive in the gas phase. Examples
comesponding hexafinorides. e.g., uf commercially imponant reactions include
i H, ., —* 5iC,, + 4HCl 1400 "C}, 49 S
WFDH' + 3H2|:1_"“rra: "'ﬁHF-;l [3m 'E}, W [‘4_4} s“:l*!ll +C " & inh { . :I' S|C
Mok, 3H M TE!«.F"" CH,““ —"'I'l":[,}-l--ﬂ-ﬂl:l", {lm.l C}r I:-i—ll!]
OFq) + = Moy, + 6HF, o). ; )
) s~ Moy, o (300°C). Mo (4-5) B, + NHy = BN, + 3HE,,  (1100°C) (¢11) BN

Tungsten films deposited at low tempersturcs have been actively investigatad
G o poiential replacement for sluminum contacts and interconnections in
inkegrated circuits. Interestingly, WF, gas reacts direcily with exposed silicon
wrfaces, depositing thin W films while releasing the volasile SiFy by-product.
In this way silicon contact holes can be selactively filled with tungsten whilke
leving neighboring insulator surfaces uncoated,

for the deposttion of hard, wesr-resismnt surface coatings. Films end coatings
of compounds can gensraily be produced through a varkety of procursor guses
and reactions. For exampls, in the much studied SiC system, layers were first
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Altri esempi di reazioni per CVD I

produced in 1909 through reaction of SICl, + C4H, (Ref #). Subsequent
resctant combinntions over the years have included SiC1, + C,H,, SiBkr, +
CyHy, SICI, + C.H,, SHCI, + CC1,, and SiC1, + C,H,CH, . to same
feve, ms well as volatile arganlc compounds containing both sllicon and casbon
in the same molecule (e.p., CH,SICL,, CH, 8, (CH,),8IC,, o). Al
teagh the deposit is sominadly SiC in all cases, resulent properties gaasrully
differ becase of strucoural, compositional, and processing differonces.

Impermeshle nsulating end passivating films of SiyN, that are used fn
integratad circudts can be depagited m 750 "C by the resction

3SICH iy, + ENHiy, = S1yNogy + 60y, + 6HCL,, . (+12)SIi,N,

The aecessity to deposit silicon nlirkde films ot lower emperatures has fed to
alternative processing imvolving the use of plasmas. Filme oan be deposited
below 300 °C with SiH, and NH, reactunis, but considersble smotmts of
hydrages are incorporated Indo the deposies.

4.2.5. Disproportionation

Disproportionstion resctiony are possible when & nonvolale metsl can fonm
valaiille compounds having differend degrees of psbility, dependlag on the
temperature, Thiv manifesty itsell in compounds, typically halides. whare the
metel exists in two vabenee gtatss (¢g., Gel, and-Oel;) such that the

. Jower-valent siate is more stable at highor tomperstarss, As a result, tha metat
ean he tramsportsd Into the wapor phase by reactng it with i wolatile,
f higher-valent halide to produce the more stable lowsr=velent hatide. The liper
; disproporthonumes a fower lsmperattres (o produce & depostt of meal while
* regenesating the higher-vadent halide. This complex squence can be simply
* deecribedd by the reversible resction

v
b3

oo g

| 26el ) =100, + Gl (4-13)
and realized in systema where provision is made for mass maneport betwess
ot and cobd cnds Elermenty thut have lent themselves to this type of trzspor
steaction inclode alfaminem, boron, gallium, indium, silicoz, titenium, Freo-
nm, berdiinm, snd chromiem, Single-crystal Ghmy of S and Ge were grown
dspropartiopation resctions in the sarly days of CVD experimentution on
icoaduciom cmploying reactors such &5 that shown in- Fig. 42 The

feacrEioss progross made b this area i revealed here.

4.2.8. Reversiole Transfer

Chemical ransfer o transport procesass are characierized by A revessal in the
resction equilirium a2 source mnd deposition reghons malntaieed at different
temperatures within 1 single reacior. An impomant sxumple is the deposition of
slngle-crystal (epitaxial) Gans films by the chioride pricess secomding o the
reaction
EL R

Ay gy ok Ay + BOCL,, + Tﬂ'lm,ﬁﬁﬂihﬁm + 6HCL,, . (4-14)
Here ARCL, gan from & hubblar transports G toward the sabstretes i the foem
of GuCl vapor, Subsequent reaction with Ay, civses deposition of Gads.

RUBSER BELLOWS

Flgure 43. Schematic of simospheric CVD reactor used o grow GoAs and other
compoand semiconductor fifms by the hydride process. (Reprimed with permissisa

from Ref. 1),

Allernatively, in the hydride process, As is imroduced in the form of AsH,
{arsine), und HCI serves to rransport Ga. Both processes essentlally tnvolve the
tame gau-phase renctions and wre carried oil i similar resctors, shown
schematicully in Fig. 4-3. What is significant is that single-crystal, bimary
(primarily GaAs znd InF but slso GaP and Inds) a5 well a3 rernary eg..
(G, [n}As mnd GaiAs, F)) compoond films have been grown by thess vaper
phase epitany (VPE) processes. Similarly, in addition to binary and tcmary
semiconductor films, guarernary epitexial films containing controfled amounts
ﬁ{h.ln.ﬁu.ud?hawhmd:pmludbyﬂmhydrﬁe??ﬁwm,
Combingrions of gns mixtures and more complex reactors are reguired in this
ense {0 achieve the desired stoichiomotrics. The resultlng films are the ohject
of inense current research and development activity in g variety of optoelec-
tromic devices (¢.g., lasem end deétectors), For quaternary alloy deposision by
the hydride process, single-crystal InP substrates are employed. Gas-plase

sowrce Fesclions inchude

IAsH , # A5, + JH., As
IPH, =P 4+ 3H,, P
2HAC] + 2n = 2InC! + H, ,

3HCI + 2Ga = 26GaC1 + H,.

Meposition reactions ar subsirates inchude

2GaCl + As; + H, 7 20aAs + 2ZHCL,
20eCl + P, + H; = 26aP + 2HCL,
int + B; + Ha = 2InP + 2HCI,

20nCl + Asy + H, = 2InAs + ZHCL

GaAs

(4-15)

GaAs
GaP
InP

Da M. Ohring, The Materials
Science of Thin Films,
Academic (1992)

Anche Plasma-
Enhanced CVvD!!
(vedi fabbricazione
nanotubi)

INAS (4-18)

Fisica delle Nanotecnologie 2004/5 - ver. 3 - parte 7 - pag. 25



Deposizioni da soluzione (CSD, MOD)

4.2  Chemical Solution Deposition

The chemical acintion depesition (TSD) method cormprises a range of deposition tech-
nigues and of chemical routes which have been reviewsad recently [23], [33]. A gensral-
ized flow chart of the CSTF of oxide thin films 5 shown in Figure 42, The process starts
with the preparation of a suitable coating solution from precursors according to the des-
ignated film composition atid the chemical route to be usad. Besines mixing, preparafion
may trelude the addition of stabilizers, partial hydrolysis, refluxing, or ¢lse, The coating
selution is then deposited onto substrates by

s spin-coating, where typically & photoresist spinaer is employed and which is suitabie
for semiconductor wafers,

o din enating, which 13 often used in the oplics industry for largs or non-planar sub-
strates, and

= gprav cogiing. which 18 based on  misting of the coating solution and depasition of
the mist exploiting greviation or an glectostatic forge,

The wert {ilm may underzs drying, hydrolysis and condensation reactions depending on
the chemical rowe, The as-deposited film possibly represznts a chemical or phvsical net-
work, Upon subsequent heat treatment, a further hiydrolysis and condensation and/or 2
pyrolysis of organic ligands may take place, again depending on the chemical route. The
resulting fiim consiss of gmoerphous or nanoerystalline exides and/or carbonates, TTpon
further heat treatment, any carbonate will decompose and the film will crvstallize
throngh a homogensous or a heterogencous nucleation. Typieally, the desired final filn
thickness is bkt un by multiple coating and annealing.

Depending on the type and reactivity of the precursars, the chemisiry shows & wide
spectrum of reaction fvpes. On the one hand, there are the pure sol-gel reactions ie.
alkoxide precursor systems, which endergo hydrolysis and condenisation reactions. The
formation of 5i0, costings startmg from 81 alkoxides is the classical exampie of this
type of reaction. The condensanion lzads te a chemical gelation in which — under appro-
prizte reaction conditions — no pyrolysis reaction of any crganic ligand occurs. Al the
other extreme, there is metal organic decomposition (MOD), which typically staris
from earboxylates of the ations or, in special cases, from the nitrates, Lhe carboxylaes
do not chemically react with water. Consaquently, during heat treainient, [irst the sol-
vents are evaporated, & process which is sometimes refemed o 2s physical gelation.
Upon further heating, the carboxviates pyralytically decompose inte amarphous of
nenocrystalline oxides or carbonates, There Js a wide spectum of possible reaction
toules hetween the pure sol-gel route and the MOD routs. Depending on the type of
alkoxides and a possible stabilization of the precursors, there may bea partial lrydrolysis
and condensation while soms organic ligands remain i the gelated film and urdergo
pyrolysis npon further heat treatment. [ the synthesis of multdeomponent oxide films,
often hybride routes.are followed, ic. there may be some presursors empioyed which
wend 1o follow the sol-gel or partial sol-gel route while others undergo typical MOD
reactions.

wring the (81 process SIrongily Oepends 0o e e
modynamics and kinetics of the solidstate reaction from the mermediate amorphous o

nanocrystalline state after pyrolysis to the fmal tquilibrium crysialline phase. This =
cantrolled by the chemical composition of the filrn system {for details see 2.z el [23]),

Thae to their fow capital investment and simple processing, CSD techoiques are
widely used and are also applicable for micro- and nanoelectronics on 3 Jow Tevel of
integration, e.g. for present suate FeRAaMs.

[ Precursor solutions ]
mixing and/or
refluxing etc,

{ Coating solution ‘

drying
) deposition hydrolysis
condensation

As - deposited film J

=]
=
w Chem. reactions,
8 pyrolysis further condensation,
2 burning out of organies,
= rearrangement, etc.
E
L Amaorphous film J
densification
heat crystallization
treatment
Qo080 i)
'1"_'ﬂ v e O )
‘ Crystaline film J g"‘“‘-’)“"“:""}"‘f‘a“‘aﬁj
- JE... y '-'19
egoo000
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Liquid Phase Epitaxy (LPE) e Sol-Gel

Da M. Ohring, The Materials
Science of Thin Films,

LPE: deposizione da soluzione sopra-satura Academic (1992)

techaigues, LPE involves the precipitation of a crystalling film from a super- EHEE&;IL‘IE?J%E
suturated melt onto the parent substrate, which servies as both the remplare for \ /SOLUTIONS s B0CC

epitaxy and the physical suppont for the heterostructure, The process can be — -
understood by referring to the GuAs binary-phase diagram on p. 31. Consider ‘8R & —ORAPHITE BARREL
g Ga-rich melt containing 10 at% As. When heated above 350°C, all of the As

dissclves. Lf the melt 15 cooled below the liguidus temperature into the i L e ST’?'EE'TEHE
two-phase field, it becomes supersaturmed with respect to As. Unly & melt of e i I ] I," . -
lower than the original As contenl can now be in equilibrivim with GaAs, The PRECURSOR SEED GROWTH SEED
excess As is, therefore, refected from solution in the form of GaAs that grows I | \é. it
epitaxially on a snitably placed substrate. Many readers will appreciate that the ‘ | 57 =
.. _ . .J.—. =il RELATIVE
Sol-Gel: deposizione da precursori s POSITION
sciolti in solventi gelificanti = T | |
(adatta anche per ceramiche)
|
. c . . o__ o c 8 7T & 45 4 3 2 1 |
Alcuni vantaggi dei metodi chimici: A . T
- economia 1
Cria TIME
- scalabilita Figure 7-17. Schemutic of LPE reactor. (Courtesy of M. B. Panish, AT&T Bell
- resa Labwritaries. |

Principali svantaggi dei metodi chimici:

- scarso controllo di omogeneita chimica, srutturale e morfologica
- applicabilita limitata ad alcune classi di materiali

- necessita di vari passaggi intermedi e scarsa integrabilita
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