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Chemical vapor deposition

source : :
Chemical reaction between (or
decomposition of) volatile molecules
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Precursors for CVD

A Periodic Table of the Elements
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Magn:
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Ca =Mn=
Calcium

Manganese
40.078

Sodium

19

K

Potassium

Cadmium
112411

Zirconium Technetium
91.224 X 98.907

75

~Re=

Hafnium Rhenium Platinum
178.49 : 188.207 195.08

Nitrogen
14.007

Phosphorus
30.974

Y 2 e )
Arsenic

Germanium
72.61
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Br

Bromine
70.004

ey
At

Astatine
200.087

Radon

118 ™
Francium Radium Ununoctium
223.020 226025 unknown
3
Lanthanide L u
Series ! )
Lanthanum Samarium Europium Gadolinium Thulium Lutetium
138.008 150.28 151.066 157.25 168,834 174.967
Actinide
Series :
Actinium Thorium Protactinium Uranium Americium Curium Berkelium Californium Einsteinium Fermium Lawrencium
227.028 232038 231.036 238.020 243.081 247.070 247.070 251.080 [254) 257.005 [262)
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Metal-organic precursors

.

Ti[N(CH;),], Ti[OCH(CH;),], Ti[(C;H,)N-C(CH;)-N(C;H,)],
(alkylamide) (alkoxide) (amidinate)

[C.H.]Hf[CH.], Cu[CH,-(CO)-CH-(CO)-CH,], AI[CH,CH,],
(cyclopentadienyl) (diketonate) (alkyl)
J.C.F. Rodriguez-Reyes, Thesis 2010

« High purity and high
yield

« Stability at ambient
temperature

 Easiness to handle
and non-toxicity

« Congruent
volatilization with a
significant temperature
gap between
evaporation and
decomposition

femto-st

MU BN SCIENCES &
TECHNOLOGIES



Solid precursors

Thermogravimetric analysis (TG & DTG)

Good precursor
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Solid precursors o0
12
= 10
E |
£ 8
2 6l
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E |
4 -
0 2|0 410 6[0 8I0 1(I)0 1;0 140
Sublimation time (min)
Dependence of evaporation rate: Vahlas et al. J. Electr. Soc. 2005
« Surface area
« Time
* Degradation/aging Irreproducibility
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Host computer
(Human Machine

Solid precursors ‘

Moving tape, powder injection

\ 4

'rogrammable

Interface)

ViuIt-100p
Temperature

.ogic Controller i
kg

S - | Quartz tube
Ar —> — (‘:;‘) > Gas out
Heating belt
9 Furnace

Saturated stream

vaive |

Lin et al. Scientific Reports 2015

—L_Differential
—] pressure
—1rtransducer

Carrier L)\ Carrier gas
— - .l .I‘.I mi Powdery
gas - L Precursor precursor
vapors Gas
distributor
Powdery
recursor
P N Vahlas et al. Gasses &
| Sintered  Instrumentation 2009
glass Carrier
Gas
femto-st inlet  Valve 3
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controller

Fluidized bed sublimation
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Heatingizone F

Vapor
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\_Carrier Gas
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Solid precursors o> %os
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Liquid precursors/solutions

Carrier gas in

Carrier gas

bbler

www.Sstrem.com

Capillary tubes & syringes

Two-zone reactor

Aspiration zone
Furnace n°1

Quartz tube

—I Gas flow regulator |

FeMoC in EtOH

>

To exhaust

Injection controller

ju o
I

Ultrasonic nozzle/ aerosol

Mass flow
/-\ meters
m * N’
EEE g .
I ] -
Quartz
tube l Aerosol
—
Substrate
S

Solution

/

Piezo-
ceramics

Control of
solution level

Generator

Bartasyte et al. J. Mat. Chem 2015

Furnace

U 5

Esquenazi et al. C_j. Carbon
Research 2018

>
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Liquid precursors/solutions

Electrovalves

Injection Head

Senateur et al.
Patent no. 93/08838,
1993

R s

Liquid flow

Carrier gas flow

LFM Pressurization
(neutral gas)
Precursor tank

==

Vaporizer

Jl“ Vapor flow

Vapor outlet to the process chamber

MFM Carriergas line

(neutral gas)

Liquid Injector

Mixing Chamber Patented technology

Mixture Injector

Fiioid : .
=> Atomization in very small droplets
=> Flash Vaporization

LFM = Liquid mass Flow Meter
MFM = gas Mass Flow Meter

www.annealsys.com »



Liquid precursors/solutions :

Electrovalves

=
 Special precise electromagn. valves-injectors, g 40 - ®
 computer control (opening time and frequency) g 0 ~0.6 A |/ pulse .’
U pulsed feeding of precursors (by micro-doses) g 20 =
d flash evaporation .-z 10 . AIXT) E"'-'"\gzﬁ,_
O “digital” growth of film £ L —

10 20 30 40 50 60 70
Number of Injected Precursor Pulses

U solid & liquid MO precursors

Solution 1
Solution 2
| Solution 3
Computer Heating 2
T @ © 0 06 0 0 0 o
Injectors 7

L L 2
Injection ‘:D Substrate =
<
Flash evaporation holder ?ﬁ
83

Ar+0, Evaporator Deposition chamber
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Temperature control in CVD reactor

Solution 1
Solution 2
Solution 3

Computer

High-temperature
zone for deposition

Heating 2

Injectors
CE— I R ﬂ

Injection |:>

Flash evaporation
=T powder
Heating 1

Volume
reaction

Substrate ==
=> holder ?

[r—

Exhaust

Ar+ 0, Evaporator

Optimise temperature to avoid condensation and
premature decomposition of precurcors

® ¢ ¢ 0 6 0 0 o
Depositidgn chamber

Strong temperature
gradient to favor surface
reaction and to avoid
volume reaction
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Adsorption

Physical and chemical adsorption

-—f—
Molecule ‘ _.--‘f

o® | ~ Van der Walls bondings

> Il'f | Physisorption
/ __curve

' —

Surface - Oistance from surface

f Crossing point

/' Il Atomic chemisorption
l | curve

U Fg. 4.8(q)

lonic, covalent, metalic bondings

Potential energy
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Adsorption

Physical and chemical adsorption

Maybe an issue for
films grown at low

— TR temperature
a || /| Physisorption !| /—
= |/ curve g |7
& |" e Oistance from suface " {R
@ { 2 .E'f X Di stance from surface
g ',.‘ Crossing point 2 ,"f Physical adsorption
c .' g ] Cross ing poirt
| & I Van der Walls
§ /Il Atomic chemisorption .§ ] ; :
o | curve S | | bondings/poor adhesion
| lI‘I | l:
i Fig. 4.8(q) \/ Fig. 4.8(0)
Chemical adsorption
lonic, covalent, metallic bondings
femto-st
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Atomic Layer Deposition (ALD)

Absorption => Auto-limited surface reaction

E }— Zirconium tetrachloride - ,_L,

Hydrogen

Chlaring —:{ L ) ) .
H u J‘:—Ziﬂﬁum . , H & H

3 The coated surface is exposed to a second
1 The surface is exposed to the first of two gas, in this case steam (Hz0).
gases, here zirconium tetrachloride [ZrCl4).

Lircanium dioxide

ey
B . CIOIOSONS,
2 Molecules of Zr(l; adhere to the surface 4 The ZrCl, on the surface reacts with the
but not to one another. water [Hz0] to form a single-molecule-

thick veneer of the desired material,
zirconium dioxide [ZrD3],

femto-st No reaction with the substrate
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Adhesion

Adhesion « Rules »
Good aadhesion if
- Materials A and B forms solid solutions
(phase diagrams), the bonding strenght of A-
A, A-B, B-B are similar.
- semiconductor on semiconductor (IV, or IlI-V)
with covalent bondings, metal on metal, oxide
on oxide, nitride on nitride...

- Dirty surface may limit the adhesion (dust, layer...)

- Surface defects ameliorate adhesion (rough films)

adherence %

femto-st AIN/ZnO
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Chemical reactions

A. Pyrolysis (decomposition)

SiH, (g) — Si(s) + 2H, (g) (650°C) Amorphous layers
B. Reduction (by H, or other reductors...)

SiCl, (g) + 2H,(g) — Si(s) + 4HCI(g) (1200°C) Crystalline layers
C. Oxidation (by O,, O3, etc.)

SiH, (g) + O, (g) = Si0,(s) + 2H,(g) (450°C)

D. Formation of compounds (carbides, nitrides, oxides, etc.)
SiCl, (g) + CH, (g) > SiC(s) + 4HCl(g) (1400°C)

femto-st
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Chemical reactions

E. Formation of compounds (carbides, nitrides, oxides, etc.)

CVD organometalic precursors (OMCVD)
(CH;);Ga (g) + AsH, (g) > GaAs (s) +3CH, (g)

CVD metal-organic precursors (MOCVD)

T4ep=850-950 ° C
w + Oy —>La,, Sr,MnOs5(s) + X(g) +Y(g)+...

o ]Vt 110 |
=N g ool 1/ o/> 0
- S Sr i /
S e > S —_
C—0 7 0 c—
/ e / o
CF; —2 ¢lcHy,
L Jq L
Magnetoresistif Superconductors || Mixed conducting oxides
materials YBa,Cu,0, & La, (Sr,Ca)MnO,,
La, .Sr,MnO, SmBa,Cu,0. . La, St Fe, Co O,

o

M0 Energy transport

mltxgrxGal_y(Co, Ni,Fe)yO3

)

|
v
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High-k dielectrics
Pr,O., Pr.0 ;AL
StTi03, YSZ

MOSFET 2=
[ o= |

Ferroelectrics/

Piezoelectrics
PbTiO3/Zn0O/LiNbO3

FERAM/SAW
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Chemical reactions N X

_A. Volume (homogeneous [ ST
gas phase) reaction SN
=> Powder synthesis www.firstnano.com

> @ + ﬁ) — , B+A=> Nanocomposites
AB,(g) (3a) powder /
2 3)
Loy @ o, 9
6
AB,(1) (3b) © ystallization
(U VRS ) and growth , Courtesy of
T TV heterogeneous 4, Oy am ~ C. Vahlas
layer SHATTATIA o _
| Heated substrate A+B=> Nanocomposites
Vapor precursor B. Surface (heterogeneous) reaction
feed system 5 (not reaction with a substrate) Courtesy of
| => Thin film growth C. Vahlas
9 (CIRIMAT)
femto-st

MU B NSCIENCES &
TECHNOLOGIES

20




be o @ e ‘:
Film growth from vapor phase 7 e
Adsomption st
as50 n "
/
\ o
. 0 00 VY
Adsorption at\  piffusion Nucleation
SR Fig 4.14
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Diffusion

Atom can diffuse on the surface Atom diffusion rate highly
dependent on:

 Temperature

« Surface quality/exposure
« Strength of bondings

« Favorite seat »

Tammann’s rule

33% Of Tperting (for metals)
57% Of Teiting (for ionic crystals)
90% of Theiing (for covalent crystals)

vdﬁfﬁ’b(dlﬂ) EEp ('Edﬁf’lk.]:') THutting=0-26*TmeIting (Surface/film)

femto-st 22
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Nucleation and growth of thin films

AY=yat+ V- Vs
pd \

Film Substrate

surface surface
Interface

Layer-by-layer Layer+island Island growth ene rgy
(Frank-van der Merwe) (Stranski-Krastanov) (Volimer-Weber)

1ML<g<2M

a8 >2ML

1. Mode « layer by layer»: ﬁ'}" <0

2. Mode « Island growth»: £4% >0
3. Mode « layer-island »: "?(Iincreases with thickness (lattice mismatch)

MU B NSCIENCES &
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Island growth

Growth of Ag on NaCl (111)

Nucleation
Nuclei form

and disappear

Island density

Growth
Island density

saturates

Island density
lowers

Coalescence
Island merger

continues

[ \_{ 9

2

oo RS - - .
Highly mobile Nuclei grow in  Voids fill later
clusters/islands channels on — cont. film
femto-st 24
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Grain size

Increase of deposition temperature:

 Increase of critical size of nucleus (grains)

« Longer formation time of continuous layer

 Higher critical thickness of continuous layer/ increased roughness

Increase of deposition rate:
« Smaller nucleus (grains)
« Lower thickness of continuous layer formation

Ra=1,28 nm

Rough/poor quality substrate surface => small grains

Amorphous films => no grains

-émtost 25



Kinetics & homogeneity

[log scale] Rate Mass transport limited R oc T%/Z

/ Homogeneity of vapor suply

Homogeneity
of substrate

surface-reaction

Depletion limited temperature
regime d s
(volume Y R oc e
reaction) R
. T
high T —— — low
3

femto-st
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[ e
|

Asisted CVD (plasma, UV, laser ¢
Entrée de gaz Pompage
—= > =
5,486 *
l ECR magnets -
— / To decrease the deposition temperature
controlled ECR
horn and target chamber DIELEC'I‘RIC DEP OSIT ION ROCESSES
\ <«—Gases in
Deposition Temperature
Process :
position ] Lol LPCVD PECVD
Replaceable 'I:“[ = g i dacoem. | T T T
chamber liners . D Y \y—h\n SiH¢ + NH3 => Si)N, 850° C 200-400°C
Wafer i B SiH( + N1O0 => SiO: 800°C 200-400°C
load position = ) |
leperanc TEOS + 0: => SiO: 720°C 350°C
\ probe
SiH( + 02 => S§j0; 400°C
Field-shaping
auxiliary magnets
femto-st
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Conformity

CVD: AR< 10
ALD: AR <100

Not valid for plasma assisted processes

MU B NSCIENCES &
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el iy Aday ( hoen 0O Valael , W0 Vvam

Chemical Vapour Deposition

Procunon, Praceaes and Apphe wions

And many other
books!
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l-abemction

Integrated smart systems



Thin films

Crystalline Polycrystalline Amorphous
Temperature/energy is high Temperature/energy
enough to crystallize too low to crystallise

feamto-st
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Tensor Geometrical Property
transformati | representation | relating
on

A=A sphere Two scalars
A'=aiAj vector Scalarand
Aj =ajA! vector
Aj=aimanAmn  quadric Two vectors
Amn=aimajn
AIJ,
Scalar and
2" rank
tensor
Aj'=amajnake  cubic Vectorand
Amno 2“" rank
Amno=aimajna tensor
koA’
Aj'=amanae  quartic Two 2™
aIpAmnop rank
Amnop=aimajn tensors
AkodlpAijk

Bxamples of physical properties Permittivity Piezoelectricity Stiffness

-4 74 z

Heat capacity
Volume density

Pyroelectricity
Electrocaloric effect

Permitivitty
Electical conductivity
Thermal conductivity

z

Thermal expansion
Piezocaloric effect

Direct piezoelectric effect x
Converse piezoelectric effect

Electro-optical effect

ZhO (6mm)

z
A\
@ ¥
X
Elastic compliance

Elastic stiffness KTag.53Nbg 470 (4mm)
Elasto-optical coefficients I
Piezo-optical coefficients

Electrostriction ‘ P
y
X

KNbO; (mm2) %

MU B NSCIENCES &
TECHNOLOGIES

In amorphous films no 1st & 3 rank properties

y
-



Ceramics, polycrystalline & textured materials

v |>‘. ' ’,‘:._
it -‘-1‘ | A
)-J-_,_ ’{\ /

Polycrysiélline Textured Epitaxial

Textured film: film crystalline orientation is defined along growth
axis but not in the substrate plane

Epitaxial films : in-plane orientation controlled by the substrate
orientation (may contain growth domains and/or several coexisting

epitaxial orientations)
Single crystalline layers: Single in-plane and out-of plane crystalline

orientation (no growth domains)

femto-st
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Ceramics, polycrystalline & textured materials

(K}) = Kn(af,) + Kzz(afz) -+ K33(a%3)

+1 2
ap,dap 1
2 -1 711 2 2
a = = — = (d = {ad .
Polycrystalline (any) j:r]l day, 3 (a;) = (ay3)

material

|
(K1) = E(K" + K22 4+ K3).

Macro properties are represented by averages
Each single crystallite remains anisotropic !
Ceramics are highly sensitive to thermal stresses!

femto-st
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be- o ? .
PZT (lead zirconate titanate) oo
- Kt 11
lm1|&@%é5 Ph Polycry;télline Te;;;red E;&ial
i e —2, Polycrystalline (=m) and unpoled

textured (e/mm) materials:

O 0 0 O O 0

O 0 0 O O 0

O 0 0 O 0 0
3m point group (single crystals): 4mm & «m point (poled textured

materials) groups:
0 0 0 0 dis 0
da) dy dy 0 0 0 ( 0 0 0 dys 0 0)
hexagonal cell with 3-fold axis Il c-axis

femto-st
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Textured films o

Textured film: film crystalline orientation is

defined along growth axis but not in the
substrate plane

Textured films grows oriented naturally by
keeping lowest surface energy and this

orientation is independent on the substrate
nature

femto-st
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Textured films

- Pt surface energy

Cycle through different views
< U >
3 (111) /3 (221) E (100)

1 (332) E= (110) E (310)
3 (322)  (311)

Singh-Miller &
Marzari (MIT 2009)

Miller
indices
(111) 1.48 || 0.092
(332) 1.56 | 0.097
(322) 1.59 0.099
(221) 1.60 || 0.100
(110)* 1.68 0.105
(331) 1.71 0.106
(211) 1.76 | 0.110
(321) 1.24 0.110
(311) 1.79 0.112
(100) 1.84 || 0.115
(110) 1.87 | 0.117




Pattern : 04-001-0112

Radiation = 1.788970

Pt

Platinum
Platinum, syn

2th

>

=

—

Lattice : Face-centered cubic

S.G. : Fm-3m (225)

a= 3.92300

Mol. weight = 195.09
Volume [CD] = 60.37

Dx = 21.463

46.523

999

94.261
80.318
98.265
104.344
131.578
167.310

461
238
243
67
30
95
91
80

AR OBANONDN|—

NNWON-2NO|—-

NO-—-~ON-~0O00|~
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Thin films & nanowires

Dense planes = low surface energy

Polycrystalline/
epitaxial films

Textured films

Nanowires

Nucleous density= nanowires density

MU ENSCIENCES &
TECHNOLOGIES



Roughness

Other origins of roughness:

Nanostructural growth

- Polycrystallinity/ differential growth of
grains

- Big grains

- Stress

Solutions:

- Amorphous films

- Epitaxial films

- Decrease grain size by reducing
surface mobility

=> Parameters: reduce

temperature, increase pressure, or
reduce growth rate for
epitaxial/textured films

3.0
ZnO/R-sapphire
) .
2.5 - -
"
’€2.0- qj\
< " &
z (0\6\\ ' n
€ . .60. '
o 1.5 ‘\_
1.0 1 s A e
9 | Rms (om) | ’Ra (nm) |
085 [/} 0665 |
0.5 T ’ T v T Y T ¥ T
550 600 650 700 750

Temperature (°C)

femto-st
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Epitaxial growth

matching

ﬁ\> Single crystal substrate: lattice/symmetry

> Slow nucleation & high surface mobility

>\/> High temperature & slow growth rate



Surface mobility

Limited number of nucleation sites (smooth surface with terraces)
Thermal energy is sufficient for diffusion (high temperature)
The collisions between adatoms rare (slow growth rate)

femto-st
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Alsec

0

RATE OF DEPOSITION,

Nucleation and growth of thin films

TEMPERATURE, °C

Epitaxial films
« High temperature &
low deposition rate

Polycrystalline films
* Lower temperature &
high deposition rate

400 300 200 100
1 T T
e (111) MONQCRYSTALS
S © POLYCRYSTALS T
BO & 31
60} -
Ag/NaCl(111)
20 -
o
2 o o 240 3
. §
8 -
= . -~
ol * .
41 e
2 —
o % i804 23—»
1 o o —
08 (-] e
5 .
R & 2l
o4}
o
021~ o
Q
ol | . * !
= - 18 20 22 24 26
103
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o
< (@)
§ Grwoth rate: % N
- n 2.7 nm/min n =)
100000 N 1.6 nm/min <A
Fast growth rate, low temperature - ' S S T
=> Texture % 10000-; ”
~ 3 @) ‘
= @ |
" ( oy A o
Low growth rate & high energy for 2 '5§
surface mobility ‘ 35
=> Epitaxy 100_; 2 -’
o] o] (@) o} ®)
NN S NN
~ ~ i ' ;\): i~
S R-Sapphire | IS '§; 'S
T 2 " N < =
— : | 650°C
e S nanpenty W el St et ot
. . i } , , 350°C
0 ;ﬂ_. S X N /M : : : i 250°C
A-A_A i “ ) RT

1—
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Epitaxial growth quality

Epitaxy —defined in-plane orientation
/ dependence on the substrate
orientation

_!
. "
‘
..- '
f '
i
‘

Mosaicity —dispersion of

growth orientation along
the normal to the substrate

Phi-scan for (111)
planes of (00l) Rutile on
L2 M-sapphire
>, | | |
>
3
Q.
L
ML&MMMMLMM
1,2
1 o # FWHM of Rutile (002)
L ¢ Rocking Curve
1,0 —
b £09 ]
§ z 038 |
© ' .
%) E ]
Qo 0.7 -
=
(002) Rutile on
054 M-Sapphire -
200 ' 3(|)0 l 4(|)0 560 ' G(IJO ' 70C

Deposition temperature (°C)
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Control of the growth orientation

- Lattice mismatch
Alignement of the dense plan
symmetry of the surface pla

© film
® substrate

Stereographic projections

//. | .\\

= . . . . N

AN g . ; \

/

o, RS KT R %
/ B NSAE O\ .
/. . Growth orientation
| TR LTS e |
""
\'\ OO .‘\ Nt~/
.+ - Dense/’planes
. . ‘ ™ » o /
Planes perpendicular to P o B -/

"

the substrate plane e N

— —

femto-st Bartasyte et al. Adv. Mater. Interfaces 2017
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(10-10)-LiNbO; films

C

1
d(11.20= 2.576 A d(11.20= 2.380 A
d0006 2310A d0006 2 166A
Best lattice mismatch:

™). a CLN//aSapphire 4a|_N//5asapphire

)’ ‘b’
NX
ﬁ&@’oA qr

-

P

of dense planes)

R

Fast growth => 4 growth domains

Slow growth => No growth domains:
aLN//asapphire & CLN//Csapphire (a"gnement

Pole figure (01-14)
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(000L)-LiNbO; films e30% .

C-LiINDO C-sapphire/~ -
OGO 0 AR
- A
"\VI"\I\’I\I\ RN AN \YI(’I
\’\ GATATA (’\ (’\
F AN\ NN 4

SO A
NS XA

'~

Aol [l SN AN A NNTINNZ
(’)0\‘20(‘)".(0).(" OO Al
I\I‘ I. I‘\ Ll SNl NN
p SKZISKZK 1) On the substrates with the
oo e <§%§%:‘ <$ symmetry « 3 » or « 6 »:
\ K7 I\ I\ K7 I\
IR (00l) rhombohedral/hexagonal
DS TOSTASTAS 7O, or (111) cubic (Pt, SrTiO,, etc.)
AL
\1;1“:1;1“:‘;2“:‘?2‘5 ;g With in-plane lattice parameters
s%‘s;}sv"szs close to 2.5 A
ERAIRI
K7 INKZ I\ NS
CORRIERRIR

A. Bartasyte et al, Review, Adv. Mater. Interfaces 2017
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G s

(OO0L)-LiNbO; films
C
W ; (a) —— (0112) LiNbO, film
«///* Z-LN C-sapphire
d(11.20= 2.576 A d(11.20= 2.380 A
d(30 30)— 1 487 A d(30 30)— 1 374 A
\\\\\ 60
d X - -
a o
Ml L
RC (0006) \/ \/ U \/

FWHM: 0.26°

Intensity (Arb.u.)

240 242 244 246 248 250 252
o)

femto-st A Bartasyte et al, Review, Adv. Mater. Interfaces 2017
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Z-LiNbO; films

e SRR

lC-sapphire
0 \0 \

\Vl
’ \
\ 'A‘

P U'
\’ \9 NN
Two growth domains

!

Eliminated by post-annealing!

Alignment of the dense planes

femto-st A Bartasyte et al, Review, Adv. Mater. Interfaces 2017
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Z-LiNbO; films

C-LN on (100) YSZ (cubic
substrate:

Four growth domains &
defective boundaries

N 4»
»Wﬂm>?
g

)
XK
qu!»A A&w

V“"«"W A WM
0\/04»'»
NS e

A. Bartasyte et al, Review, Adv. Mater. Interfaces

2017
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(01-12)-LiINbO; films (pseudocubic orientation)
C
TR T
S (01-12)-LN (01_12)-LaAlO;  CcUBIC SUBSTRATES
d(11_20)= 2.576 A d(11_20)= 2.683 A . (100) SrT|O3
d(01_14)= 2.736 A d(01_14)= 2.679 A
+  (100) LSAT
a ——(0006) LiNbO, film
T (0008) LaAIO,
3 (100) SrTiO,
Rocking curve ‘ il
dl
90° 90° 90°

FWHM: 1.9°

Intensity (arb.u)

Intensity (arb.u.)

ol i

FWHM (SrTiO3): 0.

r 1+~ 1.~ 11T 1~ 1 1 1 T r T rrTr T rr o r T T T T T T T
427 434 441 448 455 462 46.9 476 483 49.0 0 30 60 90 120 150 180 210 240 270 300 330 360
©0) 0 ()

-@fnto-st A. Bartasyte et al, Review, Adv. Mater. 592
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Polycrystalline vs Epitaxial

Acoustical/optical propagation losses, increased resistivity due to polycrystallinity/
grain boundaries/ surface roughness

Epitaxial
Surface rougness /islands
* grain size

Low propagation losses
Low resistivity

Disorder

—

Polycrystalline

Grain boundaries

SN,

Grains
Average properties

Amorphous

L gain Isseu
different properties
(no 1st & 3rd rank properties)
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Resistivity

6.0 r
< 50
0? .--o—o—aﬂnw . . . . .
2 a0 4 Thin film resistivity dependent
Figure 9 Résistance du potassium, au- % DefeCtS = Com pOSItlon/nonStOICh |Ometry
dessous de 20 K, mesurée sur deux échan- o 30 . . .
tillons par D. K. C. MacDONALD et K. Mex- g - Texture/epitaxial quality
DELSSOHN, Proc. Roy. Soc. (Londres) A 202, S
103 (1950). Les différentes ordonnées & 8 I i
I'origine (7 = 0 K) sont attribuées aux diffé- « 201 e = G ra I n S IZe
rentes concentrations en impuretés et en \ .
défauts statiques des deux échantillons. Pour g - Th |Ckn eSS
les mesures réalisées au-dessous de 4.2 K, 1.0 [ ! | |
voir D. GRIGAN, Proc. Roy. Soe. (Londres) 0 5 10 15 20
A 325, 223 (1971). Température, K
1600 ~ 40 ~
_ 5 1552
¥ 30
— 1400 |- — E
";3, = § 20 Fig. 17.3 The phase diagram and room tem-
g 1200 Fec solid 3 i Silver—palladium perature resistivity of Ag—.Pd alloy§ usec! as
= wolubice pe alloys electrodes in electroceramics. Melting points
3 10 increase smoothly from Ag to Pd but the resis-
1000 61 | | tivity is greatest at intermediate compositions.
L ' ] —— Similar behavior is observed with many other
20 40 60 80 20 40 60 380 electrode alloys including the Pd—Cu, Pd-Au,
Ag Atomic % Pd Pd Ag Atomic % Pd Pd Pd-Ni, Pd—Pt, Ag—Au, and Ag-Pt systems.
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Epitaxial growth defects

(01-12) LaNiO,

4 N
(001) SrTiO,

@ 3
@ ® ‘O“I
o )
09
LNOISTO — substrate
oy p—t——t gt N
LNOILAO
A
\ B ;\ B ),\ B ?\
LNOJAIO,
A
A
A
B B B \

-
-
-

—— | B 1 g — v p— 1 —
90 135 180 225 270 315 360
¢ ()

Projections of polyhedral structure of SrTiO3;, LaNiO3, LaAlO;
and Al,Os. The growth domains, rotated in the substrate
plane by 45 ° with respect to each other, were named A and
B. (right) XRD ¢-scans of (0006)/ (2022) planes of LaNiO4
films on SrTiO5, LaAlO5 and Al,O5 substrates.
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Resistivity

Key parameter : Stoichiometry in oxygen, structural defects and La,O5-NiO ratio

10% 4 —@— LaAIO (PI-MOCVD)

] O~ LaAIO,(annealed) (P-MOCVD) = Annealing at 750°C in air significantly
| —— R-sapphire (PI-MOCVD) : . - .
O R-sapphire (annealed) (PI-MOCVD) reduced resistivity in LNO/AI,O4

g
10 3 - R-sapphire (DLI-CVD)

structures (down to 2.3-10-3 Q-cm)
» Recrystallization

bulk= 2510_3 Qcm

1 B
10° 3 D\\\‘\F)l
§ S
10‘1—; h\
O\ N
N

p (Qcm)

= 1.26-10-° Q-cm by direct growth on
Al,O, at 750°C !

» |La,03-NiO-O stoichiometry also
impacts resistivity

10° 4 .
0.2 0.4 0.6 0.8 10 1.2
La/Ni (film) O(LNO/ARO3) = 1.26-103 Q-cm
Composition dependence of resistivity of as-deposited P(LNO/LAO) = 1.05:-1023 Q-cm
and annealed LaNiOs; films on LaAlO5; and R-sapphire
substrates.
femto-st Kuprenaite et al. Coatings 2019
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Control of volatile oxide composition

1. Increase deposition pressure

3. Increase oxygen partial pressure

Deposition pressure (Torr)

Li2O in film (mol%)

5 48.3
10 48.6
20 49.0

2. Decrease deposition temperature

90
80 /<l
E 70 < 0
= 1 / /’
8 607 </ / 45
X o /
~ 504 —)
= B 7y 401
= 401 / ¢ —0—750°C .
PN // / © —0—700 °C = 35
S 30 q —A—650 °C =
& 201 & —0—600°C & 304
- —4—550 °C L
IO T T T T T T T &~ 25"
10 20 30 40 50 60 70 80 90
Pb/(Pb+Ti) (% in solution) 20

a) 60 b)
55- N =B—0=
50 = ‘
~_ 7 ~ 40_
£ O =
= i = ] @)
g ® £
J o 30_
< 40 O S
= =
S 357 £ 204 —0—0atmO,
= = 2
E 30 s ] —4—006atmO,
0 =104 o 02 atm O,
257 { —0—0.4atmO, 8
20T T 71 0+—T—T——T— L
0O 10 20 30 40 50 400 500 600 700 800

0O, (% in gas flow)

4. Increase growth rate

2 Hz
[leZ ok
0.04 M 0.08 M
1 HZFO.O4 M
2HzO0.02M
0 10 20 30
Growth rate (nm/min)

Annealing temperature (°C)

5. Compensate by target/
precursor composition

(6. Saturate atmosphere)
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More details in Bartasyte et al., Review, Adv. Mater.

Interfaces 2017 & bartasyte, thesis INP Grenoble 2007
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Summary

Piezoelectric
tensor of
a LiNbO;4

Thank you for your attention!
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