Organic Electronic Materials

Encapsulation & TCOs



Device performance degradation

= Gradation factors
* Mechanical: Scratches, kinks, pressure,..
« Reaction: moisture, oxygen, liquid chemicals (lipids from finger prints, acids, ...)

e Light induced: UV

» Encapsulation

« Prevent water vapor, oxygen

= Water
 Pixel shrinkage caused by water penetration from the side

 Local degradation and dead-spot formation due to defects in the encapsulation



Current (A)

107

107
10°°
-7

10

1078

'Il!llllll"l"l'['['l"l"lT'l"l"l'

2.4
’ nc;,,:ﬂo ié..ﬁi'ci i:-':':n;'titj coaco&a 2{]
LTS SUR SRR = 16
x =
x E‘_} 1.2
....... e - g
% . o
.!&x“ : 2l 08
T e 0.4
l 4 s a9 sl s Ll s " L DU
0 10 20 30 40
Time (m)
(a)

] | I | T 1
2.0(% ’
]
> 1.5/'% l
: P 11
) E " ]
5 - & nﬁ. . = . . |
. ™ Y, — "

.%:L'E u

5 10 15 20 257
Time [ hours |

0

200 400 600 800 1000 1200
Time (h)
(b)

Figure 1.3 (a) Conductance decrease in ambient air for Cgg thin-film FET at a source-
drain voltage of 30 V without alumina covering (crosses) and with alumina covering
(circles). Taken from reference. [ 18] (b) Optical power output of an encapsulated OLED
device as a function of time. The inset shows the corresponding response of a bare OLED.
Taken from reference.[19]
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https://www.simac.com/en/simac-masic/equipment-
engineering/solutions/lcd-led-oled-production-tool
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(a)
Tortuous water permeation path through Cross-section of organic/inorganic multilayer
organic/inorganic multilayer structure structure. Bright films are 100 nm-thick SiNx

and dark film are 1 um-thick parylene.



Permeation in solid and thin films

1. Adsorption and solution

high gas concentration ¢, p, The permeating gas is adsorbed at the surface of the
OO O O O O O O adsorption _ _ _ _ o
SRR L et . solid, and if the gas is soluble in the material, it is
(solution)
solid with i diffusi dissolved in the solid.
thickness d ® R
O O O desorption 2. Diffusion

low gas concentration ¢, p, Depending on the concentration gradient between the

two solid surfaces, the gas diffuses through the solid

P=D-S§ material.
P: permeation coefficient 3. Desorption
D: diffusion coefficient The gas particles are released from the backside

S: sorption coefficient solid surface.



» Permeation through a glass encapsulation: Fick’'s permeation law
« Thick glass - impermeable
« Permeation through a polymer web, organic layers, & adhesives: Fickian diffusion model
« Assumption: the materials are free of local irregularities (defects) & homogeneous thickness
& homogeneous material composition
» Permeation through metallic & oxide films: cannot described with Fickian model

» Defects provide higher permeation

lattice defects nanodefects macrodefects

0.1-0.3 nm 0.3-1 nm >1nm
- 4
@) 08




Polymer substrates for encapsulation

« PET, PEN

* Requirements
= Uniform surface and low intrinsic surface roughness without spikes
2 Low density of particles and surface defects
2: High optical transparency and low absorption for front side encapsulation
2 Good adhesion of printed and/or vacuum-coated thin films on the polymer
2+ Mechanical stability versus bending, strain, and also scratching
2 Temperature stability (~120°C ~ 150°C more or less)

« PI, PEEK: high temperature stability (~250°C ~ 300°C)

« ETFE (ethyletetrafluorethylene): UV & moisture stability



Transparent electrodes

Table 1. Main property requirements of a transparent electrode for

some important applications. Plus signs indicate better values.

Application Transparency Conductivity Flexibility
Photovoltaics +++ 44+ 1
OLED/PLED ++ 44 +

Film heaters s +4++ 11
Touch screens  ++4+ 4+ 1

10



FTO/AZO

. m . w

e '.--'T;-‘”» At /

SN |
* Low cost solution _ o
process * High conductivity (< * 10~20 ohms/sq
Pros *  Well established e Scalable 1 ~50 ohms/sq)  Compatible with
. Flexible * Flexible glass production
| LImSEdt. i+ e Optically visible * Cost competitive only
con u.C|:V' V * 5 ok;ms/sq with * Large openings 2> at very high volumes
Slsaps?ciccla yon :904 - charge spreading (inline with float glass
ransmission . :
Challenges . Brittle/not High thickness =2 prf)cess) |
Aexibl needs * Brittle/not flexible
. H(ia;;] cist dielectric/planarization * Roughness
* Expensive vacuum e Lifetime issue: needs e High cost
process passivation * Expensive vacuum
process

* CapEx; capital expenditure (AHEX|EH|& 11
p p p



Table 2. General guide to transparent conductive material electrode fabrication.

Fabrication method® TCOs Graphene CNTs AgNWs
Chemical vapour deposition +++ + 4+ + —
Sputtering +++ — — _

Spin coating — + 4+ 1
Spray deposition e + +++ 141
Screen printing —— + ++ 1
Cost Low-high High High Medium
Processing temperature (°C) >200°-1000 RT-1000¢ RT-700° RT-700°
Uniformity 4+ + to +4++ 4+ 1
Typical thickness (nm) 100-300 <5 <10 25 > 600¢
Typical Rs (£2/0]) 5-100 30-5000 60-300 1-50
Typical transmission (at 550 nm) 80-97% 80-96% 80-91% 80-96%
Typical references [9-13] [ 14-19] [11,20-26] [27-33

Fabrication method refers to the production of electrodes directly, not to the production of the constituent components
which are used to fabricate the network.

Deposition temperatures of TCOs usually require several hundred degrees Celsius or the use of vacuum processes

such as sputtering.

Networks can be fabricated at room temperature (RT) but if device fabrication requires high temperature processes
vacuum or encapsulation are required to stabilize the films.
. Thickness is diameter and density dependent though with high mechanical pressure it can be reduced to the diameter

of a single nanowire

TCO (Transparent Conducting Oxide)
. ITO(Indium-tin oxide), FTO(SnO2:F), AZO(Al doped Zinc Oxide), .. 12



STM images of Ag NWs
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SEM images of Ag NW networks

(a) series : top-down view of the sample
(b) series : off-angle cross-sectional vies.
1(a) & (b) : as-deposited NW networks.
2(a) & (b) : the effect of thermal
annealing at 200 deg for 20 min.

3(a) & (b) : an as-deposited network
after rinsing in water and ethanol

4(a) & (b) : the effect of 5s of

mechanical pressure applied at 25 lega.



Optical properties
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(a) Optical transmittance (at 550 nm) versus sheet resistance for transparent conductors composed of nanostructured

materials. Each set of points can be divided into two regimes: the bulk regime (solid line) and the percolation regime (dashed

line).

(b) Optical transmittance (at 550 nm) versus sheet resistance for graphene, carbon nanotubes, AQNWs and ITO. Solid

lines exhibit iso-values of the figure of merit
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Graphene

e 2-dimensional, crystalline allotrope of carbon
Allotrope: property of chemical elements to exist
in two or more forms

e Single layer of graphite

Honeycomb (hexagonal) lattice

e Studies on graphite layer Studies on graphite layers
for past hundred years

e Graphene theory first explored by P.R. Wallce (1947)

e Andre Geim & Kontantin Novoselov Nobel Prize
(2010)

e Physics observed using TEM

Graphene

Fullerene

16



Electronic structure of graphene

Table | Values of electron mohility and energy bandgap
for Hall effect sensor materials

pulem? VT s Eg (eV)
Silicon 1,900 1.12
GaAs 8,800 1.43
InSh 78,000 0.17
InAs 33,000 0.35
InP 4,800-6,800 1.29
2-DEG 6,500-13,000 0.6-1.8

= Dirac Points are the transition between the valence band and the conduction band

= Part (b) shows that the dispersion relation close to the K points looks like the energy spectrum of
massless Dirac particles

= Graphene electrons are like photons in mobility due to lack of effective electron and hole mass

= Experimental graphene’s electron mobility is 15,000 cm?/(V*s) and theoretically potential limits of
200,000 cm?/(V*s)

» These charge carriers are able to travel sub-micrometer distances without scattering

» Fermi level: can be changed by doping

17



Optical properties of graphene

* Absorbs 2.3% white light
» Optical electronics absorb <10% white light
« Highly conductive

« Strong and flexible

18
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