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Thin-Films

 Thin films vs. bulk:

— Thin films are deposited onto bulk materials (substrates) to achieve properties unattainable by
the substrate alone.

* Multiple functionalities:

— Electrical (insulation, conduction), optical (reflective/antireflective coatings, decorative), magnetic
(memory discs), thermal (heat sinks), chemical (diffusion barriers, protection against oxidation),
mechanical (hard coatings), sensing, energy harvesting, ....

— Multilayer structures or anisotropic layers can behave as completely new engineered materials
unknown in the bulk form.

« Cost effective:
— Large areas possible

— Large device or large number
of devices

NDECO™ - Beneq ALD coatings for
decorative coatings

N. Wyrsch ™
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Thin-Film Deposition Techniques

Thin-film deposition

Chemical processes

PVD : physical
vapor deposition

Physical processes

Solution CVvD Evaporation Sputtering
Sol-gel MO-CVD lon plating RF/DC
electroplating PE-CVD Laser ablation (PLD) Reactive
CBD —1 Thermal MBE Magnetron

LP/HP/AP Electron beam lon beam
ALD — Thermal
Printing

CBD: chemical bath deposition/ CVD: chemical vapor deposition/ MO: metal organic/ PE:
plasma enhanced/ LP: low pressure/ HP: high pressure/ AP: atmospheric pressure/ ALD:
atomic layer deposition/ PLD: pulse laser deposition/ MBE: molecular beam epitaxy.

N. Wyrsch @@



=PFL  Other classification

l
Deposition Techniques

Mechanical

ing

— Thin-Film Process

Spray
Paint
Dip-Coat

nic Materials

® Large Area Electro

IEM NEUCHATEL

Physical Chemical
Plating
Bonding VLS
_ PECVD
Condensation MOCVD
Diffusion B. Sputter fLD -
_ angmuir
Brazing Sol-Gel
SAB PVD =MBE
SLS LPE |- RF-Magnetron
3D-Printer Pulsed Laser PLD

W. Wuderlich (2014), doi:10.3390/met4030410
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Growth modes

Frank-van-der-Merwe ("layer-by-layer"):

In this growth mode the adsorbate-surface and adsorbate-
adsorbate interactions are balanced. This type of growth requires
lattice matching, and hence considered an "ideal" growth
mechanism.

Stranski—Krastanov ("joint islands" or "layer-plus-island"):
In this growth mode the adsorbate-surface interactions are stronger
than adsorbate-adsorbate interactions.

Volmer-Weber ("isolated islands"):

In this growth mode the adsorbate-adsorbate interactions are
stronger than adsorbate-surface interactions, hence "islands" are
formed right away.

It is here assumed that material transport parallel to the
surface is faster than incoming material flux.

Wikipedia

N. Wyrsch e



cPFL  Chemical Vapor Deposition (CVD)

CVD (simplest form): involves flowing a precursor gas or gases into a chamber containing
a heated substrate (or object) to coat it.

Process sequence:

reactant
» Volatile compound of the = / e

i)

material to be deposited @ 5 stagnant
with other gases (e.qg. J surface ! Jas &y
SiH, for Si, H,0 for O) & dfffusic:p/?] {;

« Gas flow usually in the N !

VISCOUS regime substrate
1 = Diffusion of reactant to surface . )
2 = Absorption of reactant to surface Deposition activated by
3 = Chemical reaction (high) substrate
4 = Desorption of gas by-products temperature

5 = Outdiffusion of by-product gas

® Large Area Electronic Materials — Thin-Film Processing

Professor N Cheung, U.C. Berkeley

IEM NEUCHATEL
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cPFL  Chemical Vapor Deposition (CVD)

Advantages
« Higher deposition rates than physical vapor deposition (PVD).

« Most important: Conformal coverage: Usually sticking coefficient << 1 (Sticking coefficient
for PVD ~ 1)

« Less expensive technology than PVD (less vacuum, no electrical needs)
« Large area deposition (upscaling possible)

: APCVD Reactor
« Wide range of pressure

N Process Gas N

:

e.g. for transparent electrodes:

* SnO, Is prepared by atmospheric
pressure CVD (AP-CVD)

 ZnO prepared by low pressure CVD
(LP-CVD)

® Large Area Electronic Materials — Thin-Film Processing

Belt Clean

o | e sation

IEM NEUCHATEL
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Examples of chemical reactions used in CVD

 Silicon oxide (SIO,)

— SiH,(g) +20,(g) — SiO, (c)+2H, (9) T 350 — 500 °C
SiH,: silane

* Zinc oxide (ZnO)
— Zn(C,Hs), + H,O - ZnO (c) + 2 C,Hg (9) T 180 — 300 °C
Zn(C,H:), : diethylzinc (DEZ) — metalorganic compound (MOCVD)

« Graphene

— CH,(g) +Hy(@) »C(c)+3H, ()T 1000 °C
CH,: methane

N. Wyrsch



ctPFL  Example LP-CVD ZnO

Chemical reaction at the surface:
(C,Hg),Zn + H,O — Zn0O + 2C,Hq

Ol oTEg |

£ LP-CVD P 155°C

é [mbar] ~ 0 o £n0O 1.4 m? Qerlikon/TEL tool
= o . ! y ;\

: Exhaust 0.5mbar _°_ ° T BT 5By _100

o 4— W, o, s S g0 b

E " f -

2 i 260 |

S — DEZ £ 40

E < SZS lf_ii 20 F

< P

S 26 0

:' 300 800 1300 1800

Wavelength (nm)
IEM NEUCHATEL
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Atomic Layer Deposition (ALD)

« ALD: subclass of CVD based on the sequential use of gas phases (precursors react one
at a time with the substrate). Thin film formation by repeated cycles of precursor exposure.

« Advantages:
— Conformal deposition in complex structures
— Controlled method to produce a film to an atomically specified thickness.
— Low temperature process.
— BUT: lower deposition rates as compared to standard CVD.

¢ & al® B
& o9 & v S
watch?v=XMda8TXLIFk
-" AI(CH.) (0) AI(CH.).(s) H,O (g) ALO_(s) ‘ www.beneg.com
Pulse Purge Pulse Purge

Repeat ALD cycle N times

=
(-]
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https://www.youtube.com/watch?v=XMda8TXLIFk
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CVD - The case of a-Si:H

The case of hydrogenated amorphous silicon (a-Si:H) and related alloys:

« 1969: Chittick et al. demonstrated that decomposition of SiH, in a glow discharges yielded
a-Si:H with good conductivity.
« Decomposition of silane (SiH,) can be provided by:

— Thermal energy: heating a filament
- Hot Wire CVD (HW-CVD)

— Optical energy: UV light absorption
« UV-CVD

— Electrical energy: glow discharge (plasma)
« Plasma Enhanced CVD (PE-CVD)

=9
=
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=PFL Introduction to plasma

Plasma: the fourth state of matter

core

electron

PLASMA'!

a9
R (e 0 ®©
@ @ 2
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Hoter and hoter...

® Large Area Electronic Materials — Thin-Film Processing
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Plasma definition

Plasma = gas with significant fraction of ionized molecules and free
electrons. A plasma is neutral on a macroscopic scale.

- O + O + - : .
o - 4 o- O Particles present in plasmas:
ot o © , O, o  Neutral atoms/molecules
- + '®) i :
. O « Excited neutral atoms/radicals
+ - * lons (mostly positive, density n)
O+ o+ ©C 4 O _ ot  electrons (density n,=n;)
o *°9 L 940 - ©
+ O = + R . . )
t 5. 0 Example: SiH,, SiH;, SiH,*, H*, H,, e

O Neutral Atoms O - -

- Negative Electrons + O O O © If n = density of neutrals :
* Positive lons o +  *+_ O +
. L n./n~107-104
We consider medium ionised plasma ﬁ ©
¥ n, ~ 108-10'4 cm-3
Strongly ionised plasma n./n > 104 in stars, nuclear fusions

=
w

N. Wyrsch



=PrL

® Large Area Electronic Materials — Thin-Film Processing

°
IEM NEUCHATEL

Role of plasma in the process

Plasma can promote deposition that occurs otherwise at higher substrate
temperature.

PE-CVD is agood way to perform
high temperature chemistry at low substrate temperature.

Film properties are controlled by:

* The nature of the species
reaching the substrate

* The ion energy (up to ~ 100 eV)
« Temperature of the substrate

-
E=Y

N. Wyrsch



tPFL  Plasma properties: Electron and ion temperature

RANGES OF PLASMAS

In plasma, particle energies given
by their kinetic energies

« High electron temperature : > 107
E.~1-10eV,<E.>~2eV & T, =E/k;~23'000 K Gglon
(but no influence on heating of the chamber walls !)

* Low gas temperature Ty.yiq ~300 K

=
°l.

* Low ion temperature T,~500 K Eg 10°
W
o

10‘ Centre of Sun

Solar coronn

lonosphere

(can be accelerated in the electric field close to
the electrodes !)

« EXcited species can acquire rotational and 10°| interstetiar

vibrational energy 10° 10' 100 10 10° 10° 10° 10°8V
) d 107 10' 104 10° 10° 10’ 10° 10°

http://schools-wikipedia.org/wp/p/Plasma_%2528physics%2529.htm

« cold high-
‘ temperature-chemistry ».

® Large Area Electronic Materials — Thin-Film Processing

In processing plasmas, electron much

hotter than neutrals and ions !
IEM NEUCHATET.
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Thermal and non-thermal plasma

Te » Tgas 109 10-4

108 |-

Coating

4 T'lev)
10 4 10eV

!
T
|
|

NONTHERMAL ARC ‘—-‘——THERMAL ARC

|

T — 0, ATM

— leV

- 0.leV

— 0.0JCV

10% p, TORR

Machining

=y
(-]

N. Wyrsch

« Thermal plasma are used for plasma cutting or deposition from powder with high fusion
temperature (ceramic, super alloy, refractory materials...). Here T, = T .

» For sufficiently low pressures, the electron temperature and the gas temperature are no
longer the same: Ty » T, = Tioom

® Large Area Electronic Materials — Thin-Film Processing

[ J
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Initiation/ignition of a plasma discharge

P = gas pressure in chamber. Application of V between
cathode (-) and anode (grounded) spaced by d

Free electrons are needed!
Cathode (-) They can be produced by
| — ] a) UV light on cathode
b) Glowing filament (thermoemission)
c) lon impact

m e
v C ]

Anode| (substrate) « Electrons accelerated in E makes impact
lonisation on neutrals

- e+A->2e +A"
.CO « Also ions are accelerated to the cathode -
- secondary electron generation

! ﬂ For sufficiently high V = discharge !

=9
=y
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Paschen law

lgnition depends on
cathode type and mostly
on the product: p-d
(pressure x distance)

Intuitive understanding:

10
* ptoo low: not enough
lonisation events
« p too high: not enough
10210-' 1 10 102 mm Hg cm energy gained by the e
Pd — to ionize the neutrals
Figure 4-2 Paschen curves for a number of gases. (From A. von Engel, lonized Gases. Oxford between tWO CO||ISIOI’]S

University Press, Oxford, 1965. Reprinted with permission.)

Rule of thumb p-d >40 Pa:cm, p=1-1000 PaV =1...2 kV

1 Pa=1 N/m?, 1 atm = 760 mm Hg = 10° Pa

-
@
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Discharge tube

Where is the discharge going to take place in this discharge tube ?

A

S>

—

B

S>

(

-
©
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=PrL Reactions in the plasma

Afnighspeesy T A 2 A+ A" + e ionization by atomic impact

e+AB>e +A+B electron impact dissociation
e+AB>e +A"+B electron impact ionizing dissociation
e+A->2e +A" electron impact ionization
e+tA>A electron attachment
e+A->e +A* electron impact excitation
hv+A > e +A* photon induced ionization

% hv +A 2> A* photon induced excitation

g A* 2> hv+A relaxation

E At+e +B > A*+ B* three body recombination

Z A"+e > A+hv emissive recombination

; A"+ B > A* + B* electron tranfer

H A*+B > A+B* charge tranfer by ion-atom collision

IEM NEUCHATEL

— electrons

photons

— |ons

In addition, there are also all the reactions between the reactive species
] (ions and radicals) and stable atoms or molecules!

N
(]

N. Wyrsch
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Floating surface in a plasma
An electrically isolated surface inside a plasma will be exposed to
different particle fluxes and will be charged.

initially electrons and ions will flow to the
surface; their current densities are:

(Maxwell distribution assumed)

e'ne_

Je = e = €-Ng
e.

Ji = —e n;

(gas klnetlcs)

@@@

Initial electron current higher by a factor ~ 103-10° !

surface always charges itself negatively in a plasma and
acquires a negative potential. The potential is such that ion
and electron currents are then equal !

N
-

N. Wyrsch



=PrL Sheath formation

Nn.="nN =n

Plasma Presheath Sheath
-1.9> 4, -few iy,

plasma

( ’ sheath
Yo~ (dark space)

® Large Area Electronic Materials — Thin-Film Processing
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Near an object or the substrate -
apparition of a sheath (dark space)

This forms a potential barrier for the electrons
of e(V,-Vy) only a fraction of the the electrons
(at T,) will reach the object/substrate:

é G(Vp—Vf)
UL ket

v

=

® |

*V, = plasma potential
*V; = floating potential
(=0 for a grounded electrode)

KeTe j . M
20 2.3me

V, -V, =

Typical values of 10-50 V ! Important ion bombardment!

N
N
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Plasma enhanced chemical vapor deposition (PE-CVD)

glow discharge . vapor-phase N film
plasma chemical reactions deposition

“rich process”, chemical reactions, substrate bombardment
Lower reaction temperature achievable than CVD

 a-Si:H, a-SIC, a-SiGe .
. : : « Flat screen display
* microcrystalline Si, . Thin film Solar cell
Undoped SiO, | | Cels
. doped SiO, (BPSG) * Dielectric layer in IC
. SiN  Dopant source
. SION, « Passivation layer

« Diamond like carbon * Protective layer

N
w

N. Wyrsch
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Parallel plate reactor

Parallel plates reactors are normally coupled capacitively (i.e. through a capacitor) to the
plasma and activated with a radio-frequency (RF at 13.56 MHz, industrial frequency) or

Very High Frequency (VHF) excitations
Plasma in direct contact with the electrodes and substrates

DC operated parallel plate reactors - non capacitively coupled - possible for conductive

substrate and deposited materials!

electrode

reaction
chamber

substrate
plasma

electrode

Gas system rf generator Pump system

Gas arrival from the side
of the system or through
the cathode (showerhead)

Gas convection to the
plasma area

Activation and reaction
in the plasma

Surface reactions and
film growth

Educts pumped away

N
S

N. Wyrsch



=PrL Parallel plate PE-CVD: effect of electrode asymmetry

As ion/electron current densities .. Sputtering of target

to surfaces are identical A VV'*\ ‘f
_ 1
—> different sheath voltage v,
develops at the electrodes O o
V,
L L L a [ |
T —KAZJ i. PECVD (no efficient sputtering)
ViR R . no efficient sputtering
2 _Vp VG Ai E . 7,
71 \%
A, = cathode surface \Z
A, = substrate/wall surface V2

a = 1-3 (experimentally)

(a-) symmetry of reactor
very important ! Smaller
electrodes gets much higher
lon energy bombardement !

m Large Area Electronic Materials — Thin-Film Processing
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Example of plasma deposition (a-Si:H)

The molecular source gas (e.g. Silane SiH,) is decomposed into numerous
neutral (but extremely reactive) (SiH, SiH,, SiH;, H.... ) or ionic species

Some of these species leave the plasma and impinge on the substrate.

Electrical fields near the substrate can lead to acceleration of ions and
bombardment of the surface.

O
bgﬁTdAO?xf j

O
@) QO O QO O O ?O?O

Growth of a thin film: nature of molecular species ©(reactivity), angular distribution,
bombardement (direction + energy of ions @) are critical parameters.

N
(-2}

N. Wyrsch



EPFL

® Large Area Electronic Materials — Thin-Film Processing

IEM NEUCHATEL

Chemistry and flow to the surface

Example of SiH,-H, discharge :

Electron dissociation Electron impact ionization
e+ SiHy; — SiH; + H, e + SiHy — SiH; + H,
. — SiH; +2H,
— SiHs + 2 H, — SiH +3H.
— SiH + H + H;, _ oeul .
ion-molecule reaction
—Si+2H+H,, _—
Ht SiH7 + H;
Hg’: SiH +Hy + H
R . LT
Radical-molecule reaction SiH + 2 H,
H + SiHy; — H, + SiHy Sit SigHi + Hj
: SiH* SizHy + Hj
SiyH® + 2 H;
o . SiH; SiHf + SiH;
Si+ SiH; — Si;Hs + Ho SiEHI 4 H2

— Si(H3)Si + Hy
Si* + SiHy — SipH; + Hy
— SiszlSi-f— Hs SiH;
SiH + SiHy — SioHs

Si;HS + 2 H,
S‘igg} :
SiH, + SiH{
SigH{ + H;
SigHa + 2 Hy

Electron generation

e(>EA)+ X~ — 24X
hw(>EA)+ X~ —»e+ X

important radicals for
the growth

(H, SiH,, SiH,)

higher order silanes -
powder formation

N
~
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Surface reactions

Species absorption

amorphous phase crystalline phase

1 1-
SiH3 p —71" SiHs

- _ sufficient surface H coverage SI H

D Wy NV Ve Vo Vo Vo Vs 2716

AT AN

YOI TR
Lo

termination

¢ l Q l enhanced surface diffusion

.
Ot
CSAAAAL
S SO OO OO
UG

a-Si:tH s

Surface reactions also affects the plasma composition and behavior!

N
[ ]
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Plasma - growing film interactions

Most important things for the interactions between the plasma and the
growing film:

1. The flow and the energy of reactive species towards the growing film
which govern all the properties of the film
(n.b. the substrate chemistry plays a role in governing the nucleation).

2. The flow of species towards the film is determined by the plasma
composition (i.e. density of each species)
and the transport from the plasma to all reactor walls.

N. Wyrsch
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Device grade material by PE-CVD

External parameters

(gas flows, pressure,
power, temperature)

Reactor geometry (size,
Interelectrode distance,
edges effects, leaks)

Transient effects,
iImpurities (differential
pumping, pressure
regulation,
contamination,...)

—

—

v

physical plasma
parameters: ng, n;,
T., T;, radical density,
direction and energy
of particle hitting the
substrate)

Goal : high carrier lifetime for solar cells or high mobility for TFT

N

=)

nucleation and
growth of layers

(structure, opto-
electronic
properties)

Interfaces
properties

(2]
(]
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cPFL  Film structure controlled by silane concentration

Injected power 6W
L L L L Frequency 110 MHz

0 2 4 o6 8
Silane concentration (%)

4 | | | |
@ i i « Variable parameter
< 3t nc-Si:H T - Silane concentration (SC):
<> .
)= - 7 SiH,
2ot oy SiH, + H
= 2 a-Si:H M ™ 2
S - _
| ow | |
S 110 MHz « Fixed parameters:
2 _
-

=)

Transition a-si / uc-Si can be governed by Silane concentration

m Large Area Electronic Materials — Thin-Film Processing

mmm) Increasing H/SiH, ratio & more crystalline films
| PV-lab I8

IEM NEUCHATEL
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PE-CVD reactor design and issues

Edge effects: intense plasma can burn on edges of
reactors or at reactor leaks creating gradient of species
throughout the reactor !

Species can retro-diffuse from open volumes where
no plasma burns (e.g. silane from large chamber)

In large reactors « standing wave appear » : N0 more
homogeneous EM field (when reactor size > A/10,
non-uniformity starts to be observable)

Globally all asymmetries (e.g. end of reactors) can lead
to inhomogeneities

Reactor cleaning/cross-contamination can be an issue

At VHF: thinner sheaths (1-2 mm against 5-10 in RF)
leads to easier parasitic plasma. VHF power coupling
(skin effect) more delicate

RF frequency | Wavelength A
(MHz) (m)
13.56 22.11
27.12 11.05

40.7 7.37
60 5
81.38 3.68

O

Jo(eert2 Ko ) /
\\-;_:/

Eorr'2 kor = 2.405

—

\H‘/

Standing wave
In PE-CVD reactor

w
N
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Parallel plate industrial systems

Oerlikon Solar

TFT 13 MHz, d=25 mm, 1.4 m2) d = interelectrode gap

\, Solar:40 MHz, d=25 mm, 1.4 m?
Lens to compensate standing wave

AMAT (13MHz, d=~13-20 mm)
d 5.6 m? hollow cathodes to compensate
standing wave and incrase n,

Applied films
(13 MHz, 1.8 m?,
d=13-15 mm)

£n a
e TEa®
- @

lllustration only. Actual configuration varies.

w
[*0]
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Parallel plate industrial systems

Gen5 (1.4 m?)
PECVD (e.g.
Oerlikon ThinFab)

Gen7 (5.3 m?)
PECVD cluster
(Applied Materials)

Other suppliers: Leybold, Ulvac,....

w
'Sy
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:'; Heatng 71
¥ System 4;,-.'-;

P 2 ISP, "‘.
[0 = e w2 vy wod R AP ROT

Roll-to-Roll reactors

Pumplng System and Pressure Comm!

II Bn&xw S

/ - : vacuum
. | Chamhber

solar Ovnoicl

S

)
Flexible — - “b:
Substrate Delr;‘xl;;ri'ueon - 3
Process Fh“bl‘ §

Ertire
Solar Cell

[*]
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£PFL  Challenges for PE-CVD

Scientific:
« Understand what governs the growth of a good material (role of
precursors, energy,...)

« Understand fully why material quality degrades when deposition rate is
Increased

Technical:
* Achieve high deposition rate (currently ~ 0.5 nm/s)

* Achieve homogeneous layer deposition (especially critical for pc-Si, a
material close to the transition when good)

* Realize cost effective systems if dep. rate not high enough

* Reduce cleaning costs and environmental impact (less or no NF; or Sk
gases or mechanical cleaning) or use F, (no greenhouse equivalent)

nic Materials — Thin-Film Processing

® Large Area Electro

IEM NEUCHATEL
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Physical Vapor deposition (PVD): Sputtering

In sputtering processes, asymmetry of electrodes area
(RF case using large chamber walls area) or DC voltage
applied to electrode: ions accelerated in the strong
potential at the cathode sheath (e.g.) Ar* ions +) and hit a
target (material to be deposited).

li. Sputtering of target

N. Wyrsch
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Physical Vapor deposition (PVD): Sputtering

Target 2 Dark space

_~ larget material

t E,V~1kV

lE, V~10-15eV

Substrate é Growing film

w
-]
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Sputtering

- . o
i . f Sputtering yield:

%}m ar ian with kinetic energy
Surface

Number of sputtered atoms

Y(E.\) =
(&) incident particle

Typical Y value = 0.1-10

Eooooo ¥v_.Q 0 0,0 O E&,o.ooo
=% 0 0 0 o *G o‘z”éoo Y,’o"&_0 o o
0 07070 0 © © 0.Q © 0 © $ ' o0 0o
~“5 000 0 0 = 0 o\oxg/o o'rq\:é':o-aoo
©o 0000 O © 0 00 00 © 0o oo O
Eooooo © 0000 © o000
E |
a) b) C)

Sputtering a) single Knock-on (low E;) b) linear cascade c) spike (high E))

w
©
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cPFL  Radio-frequency RF Sputtering

+1 o

©

Area larger
than cathode
—

Time dependant

i and average potential
| In capacitive RF

| Vp = discharge

Sheath Sheath
Voitage Voitage

m Large Area Electronic Materials — Thin-Film Processing
<
o o
©
. <—u— —1L— -
1
T Y ®
—
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Magnetron Sputtering

magnets

~Ur (200 - 500 V) S ~Ug (30-100V)

cathod (target) depositéd mater substrate

O - argon gas atoms which are ionized by the E field
O = trapped electrons

O = ejected (sputtered) target particles

E=Y
-

N. Wyrsch



=PrL

® Large Area Electronic Materials — Thin-Film Processing

°
IEM NEUCHATEL

Magnetron Sputtering

Increase density and localisation of plasma:
I.e. higher deposition rates

Resulting erosion
of the sputter target

* High density plasma
generated by the combine
electrical and magnetic field

Negatively biased target

Problems with magnetron: inhomogeneous use of the target

3
N
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In-line sputtering systems

Rotary Magnetron Sputtering

* Higher deposition rates than conventional
planar magnetrons.

* Higher target utilization efficiency
(particularly important for expensive materials).

« Cost of cylindrical targets higher than planar ones.

£ =3
w
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cPFL  R&D sputtering systems

(0, /N;)
l r Deposition chamber

% /.Substrate holder plate

g < | ‘\I/' <

5 T —» vacuum

4 4_‘—I 0 M e . .

g Reactive sputtering examples:
= b s Gas ring

Zn (target) + O, (gas) —» ZnO

? q Cu (target) + H,S (gas) —» CuS,

Ar* plasma

Shutter —
Ag target — | Si;N, target
Magnetron Magnetron

Gas inlet
(Ar)

Co-sputtering deposition:
Use in small areas to develop new materials

® Large Area Electronic Materials — Thin-Film Processing
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Combinatorial study

* For example, study of SnO,-ZnO co-sputtering

EDX

Crystalline - SnO,

ZnO

SnO,

Lo

dn! &l 5l
Sn/Z/n / 22.9 10.7 4.3 4 0.7

Crystalline - SnO,

Ref. M. Morales-Masis, et al. Adv. Funct. Mater. 26, (2016) 384-392

Amorphous

Amorphous

Amorphous

£
(3]
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=PFL Sputtering parameters and film morphology

Structure zone indicating the relation between the deposition parameters
(working pressure -Ar, O,, reactive gasses- and temperature) on the final
microstructure of thin films (dense amorphous, fibrous, porous, large-

grain films).

TRANSITION STRUCTURE COLUMNAR GRAINS
CONSISTING OF
DENSELY PACKED Ref. Thornton, JVST 1982
FIBROUS GRAINS

o POROUS STRUCTURE Rscnvsr%ge

c

£ CONSISTING OF TAPERED GRAIN STR

@ CRYSTALITES SEPARATED I -

S BY VOIDS sl -2 _

= S aled -~ 4 N -

o .- ‘:‘."n’:" ~

é _’- f ." ..:av :“'m -;"‘:v

o T VT e T <34 ZONE 111

£ 23\ "5~ ZONE 11 o

| 3 a,;.::,:‘. .-_-..' .'tf;“ MR A e A

s ; !'I MRS i T @

= | mafsTat 2 PRI AT s o LR

g TR L L v v HR¥

g e ZONE T i % ‘L0

§ |I T 0.8

E 30 S _':": > | Il [ 1 0.7

p ; ,‘I||'| I - 0.6

: 20 ||'m1,-:|';,;, 05 SUBSTRATE

< 5 'l,'h' | 0.4 TEMPERATURE (T/Ty)

<) ARGON 10 i='h 0.3

S PRESSURE I

- (m TORR) -

= 0.1
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In-line sputtering systems

The BigMag was the first
cathode with separated
targets on the market.

The unique magnet design
uses rotating magnet
systems.

Used mostly for transparent conductive oxides
and metallic layer

* ITO (In,05:Sn) > TCO for flat screen display

« ZnO: front TCO for PV, thin dielectric for backside
» Antireflection coating

» Optical stack for architectural glasses

« Metallic layer for packaging

Line for sputtering of
architectural glass,
3.210 x 6.000 mm?

-
=~
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Printing

Multiple Coats

® e
| _Precursors /YE)J (Section 3.1)
+ ® @

Metal-Organic / lonic | | Colloidal / Nanoparticle (Sectian-3.3)

—— = =

|

: (Section 3.3)

| Deposition

: Spin / Spray / Dip Coating \ %

F-d-- Direct-Write / Printing 6 )
Chemical Bath g

Wet Film

v

Decomposition / Removal of Organics
Carrier Concentration A l 0;. Ny, H;
Crystallization 0596%626%6%6%c®

|

]

]

]

]

]

]

: [ Film Gelation |,
I "
]

]

]

1

1

1

Robert M. Pasquarelli et al. (2011), DOI: 10.1039/C1CS15065K

£
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cPFL  Printing technique

A N
S
g’

Dip-coating Doctor Blade Metering Rod

[ e R
[ e e R

e 4

Slot-casting Spray-coating Screen Printing Inkjet Printing Aerosol Jet

® Large Area Electronic Materials — Thin-Film Processing

Robert M. Pasquarelli et al. (2011), DOI: 10.1039/C1CS15065K
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Printing vs. Film deposition

Developing  FSSEmmmSTTsen

: P S
Drying
Exching == Es e
Film Relessing D E= ==
i =
Cleaning

Traditional Fabrication Process

1029 @ Thickness of printed layer
Viscosity of inks e
‘ +@<0.5pm
= Offset” 10 10tcp e
4, 1 P
~ 101 - ' FHexo®=1#m otary Screen
E Gravure o
e e -
Printi e1-8ym :
P v J . 10~100cp  Inkjet
% ©0.5~3 ym
o 10~30¢P
- s . = - Screen
® Orying = ©5~100 pym
£ 104 500~5000 cP
h - -
a .Nanmmert
Printing Process Lithography R2R
104 _
high resolution [MediGMEsolttio '?1‘ gg%m
"‘,';‘-g.‘ g : n - .;:.L
@ Need More Energy . E— Qig\«i@ ,J
@ Can Save Energy Minimum Dot Size (um)

W. Wu (2017), DOI: 10.1039/C7NR01604B

[2]
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Roll-to-roll transistor printing

& R T drjﬂd

l

1 & 5 & b LT sintering
- -
I —_— > 3=
HT sintering

— .

Printing needs formulation of precursors

(ink formulation)

Ink needs to have the right properties

.

Decreasing resistivity

printer#1 printer#2

pre treat

N\

curing

FPET film

Source & drain  Semiconductor

printer#3

Dielectric
layer

s
i

printerd#d

Gate

PET film

chemical synthesis

Bottom Up

(viscosity, density, surface tension, etc.)
adapted to the right printing technique

— printability!

ball-milling, laser ablation,
lithography/etching

(o)

Nanoparticles

W. Wu (2017), DOI: 10.1039/C7NR01604B

PET

o1
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Summary

You should

Be able to describe a plasma (formation, nature, types,...)
Know the working principle of PE-CVD and sputtering
Understand the formations of sheaths

Understand the voltage drop at sheath (V,, Vy) and the origin/role of ion
bombardment

Know the difference between pure CVD, PE-CVD and sputtering

Understand that PE-CVD or sputtering parameters may affect film
properties

Know the basics of printing

N. Wyrsch



