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1. Introduction

Spin casting (spin coating) is a widely used technique to deposit
films of uniform thickness on planar solid substrates (Frank et al.,
1996; Larson and Rehg, 1997; Norrman et al,, 2005). In this process
a liquid melt or solution is deposited on a rotating substrate. Dur-
ing a transient period the combination of radial and hydrodynamic
(viscous) forces will flatten the deposited liquid bulk into a planar
film. With on-going rotation this planar film will continuously
become thinner (Emslie et al., 1958; Acrivos et al., 1960). If the lig-
uid film consists of a nonvolatile solute and a volatile solvent, film
thinning also occurs due to solvent evaporation in addition to the
hydrodynamic thinning. In the beginning, with thicker films, film
thinning will be dominated by hydrodynamics. With thin films
evaporation will dominate the film thinning process. Hence, to a
first approximation spin casting of volatile liquids can be consid-
ered as a sequence of hydrodynamic planar film formation and
thinning followed by evaporative thinning/drying of this film

* Corresponding author.
E-mail address: hans.riegler@mpikg.mpg.de (H. Riegler).

(Meyerhofer, 1978). If the liquid consists of a mixture of a non-
volatile solute and a volatile solvent, the solvent evaporation
causes a continuous enrichment of the nonvolatile solution compo-
nents. In the end, the solute will be deposited as a dry film.

Even assuming idealized hydrodynamic and evaporative behav-
ior, film thinning and the accompanying solute enrichment is a
rather complicated process, because the increasing solute concen-
tration has an influence on the hydrodynamic and on the evapora-
tive properties of the film. Viscosity and evaporation behavior
change continuously during film thinning. In addition, because
the evaporation occurs from the film surface, the vertical solute
concentration profile within the thinning film changes with time,
possibly leading to a high solute enrichment close to the surface
(“skin formation™ (Haas et al., 2000), “crust” effect (De Gennes,
2002)). The combined process of hydrodynamic and evaporative
film thinning has been investigated in quite a number of theoreti-
cal and experimental studies (Meyerhofer, 1978; Shimoji, 1987;
Bornside et al., 1989; Jenekhe, 1984; Lawrence, 1988; Flackr and
Soong, 1984; Ohara et al., 1989; Lawrence, 1990; Reisfeld et al.,
1991a,b; Shimoji, 1989; Sukanek, 1991).
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Electrostatic coating
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Printing technique
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Langmuir-Blodgett Film

N

%

LBEIJ/KELICESFIRZERSE. COELFIEE

th

EEREICHLESTTIE

19354 [ZI.Langmuir&K.B.BlodgettiZ &Y RAFE I T-,

SERERE. EERDLEBEH. RHEF
¢Langmuir Blodgett (LB) f&

SEREPFIZHEITHH R DEE
#1932 NobelE Surface Chemistry

General Electric Company (GE)




Hydrophobic
BRI

N 4

S
Hydrophilic

K
fafl R bk 3 (—CHCH.CHj3)
Regf{bk#&E (—CH = CH—, —C=C—)

~as o Ae (F, Cl, Br, I), = 2{k#(NO.)

I Z 57 )L (—COOCH;), =—7 )L (—CH,—0O—CHjs)
b 2 (—CO—) -

7Tk F(CHO), 7 3> (NHy), 7/La—/)L(OH)
fgBfE (COOH)

Wifs > 2 7 )L (OSOsH)

Z )Lk % (SO;H)



N
\

7, AN o J: =1 O N gt
I gl 7~ = RIS
fakssd 7 ,Em77Aﬁm lT% /
F7ae v s Bk —// /)
s — '
i BB A
y ~ 5
Y B / ‘f‘*& i
K L Ak
4 HATA &h
WA
(M) A
i) \3;;:{" (M) Pl .
[[-D—I —F D_” O RG]
K )
(W)

% @ (107N -m™ ]

60

40

20

-

Bl

& Hg FROBE

()

@ AR e

-

ey
7EA

@

e

& H EH [nm®/ 5]

r () CEm) G AL
7 T3
(3 TR i AR E) & pitE QO SARIKH T
75 fa RT3 T2 X 2
s 14 LRI AN = b &Y db 00888
(o0] Oo
— (k) () e CFeif)
i A
\\L / i L L L o l s t
0.2 0.4 0.6 0.8 1.0 1.2 14 1.6

M 5.5 BESIRIFEED B4 T8 OMEEE (A LS, BRI
FEALERA, 7T B5(1984), p.60 L 1)




EEEEE_A 323223 @
pooapaoan < LRBRABALEN < ff =
DO0Q00ARAD = OOGGOBOEGG= G§9008G6000 = N
2\ =) w S
il
= MWK:E 2 = 2 M
o
D)
R R R
O) Wiy, | G R
L L T
c = = & g, &
= = = -
H B w 7hw
o
i
(O £ 1=l |E &
O = | & ;
) = =
. - -
(D) (=

\V



Horizontal
lifting
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Silane coupling
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Electrolyte alternate
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Push coating
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Double shot ink-jet printing
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Microcontact printing
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When you evaporate organics....

N
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#®Increase the power (temperature) slowly.
@ Take care of decomposition.....

@ Deposition rate is a key factor to control film
quality.

#® Do not use the initial deposit. It may include
more impurity. (Deposition process is
purification process)

#Be careful for a sudden deposition..
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For mass-production
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wunnn Takt Time - Definition, Benefits, Uses and Limitations

What Is Takt Time?

Definition: Takt Time- the desired time between units of production output, synchronized to customer demand.

The concept carries backward through a process stream. |deally, every step synchronizes with the final cutput. Takt Time is fundamental to

Lean Manufacturing.

The figure illustrates the concept for the B-24 aircraft built at Willow Run during World War II. The final assembly rate was established at "a

bomber an hour” so the Takt ime for Final Assembly is 0.0 minutes.

The aircraft requires one Forward Fuselage sub-assembly and the Takt time for this production area is also §0.0 minutes.
Four propellers per aircraft generate a Takt time at Propeller Dress of 15.0 minutes.

» [Each ship needs two rudders, so Takt time for Rudder Sub-Assembly is 30.0 minutes.

Each rudder requires six ribs. Takt time for Rib Forming is, therefore, 5.0 minutes.

Benefits of Takt Time

The simplicity of the concept belies its extraordinary efiects. Among these are:

Production Stability- by limiting overproduction, it stabilizes the system and prevents buildups of inventory and the subsequent
stops and staris.

Workcell Design- Takt time helps cell designers. In an ideal workcell, all tasks are balanced, they all require the same time to
execute and that time eguals the Takt time. If any operation reguires more thar the Takt time, the cell cannot produce at the
necessary rate.

In the first illustration, below the cell cannot make the necessary quantity because operation #4 exceeds the Takt time. In the
second chari, the work has been balanced at Takt time or slightly below. This, however, is not the only way to balance workcells.

ical-i diate feedback of performance is a powerful motivator. When a workcell team tracks takt time, they have a
helghtcﬂed awareness of output rates and potential problems. They attempt to achieve the Takt time on each cycle and
immediately make necessary corections.

‘When Charles Sorensen conceived and built the Willow Run Bomber plant, he designed it for "A bomber an hour". He did not
say "nimeteen ships per day" or "120 per week." Sorensen understood the value of steady, repetitive cutput.

At one peint in planning a subordinate asked Scrensen how they should schedule such a complex cperation. "Cast Iron Charlie”
shot back- "Your schedule is to build a bomber an hour!". The result was a very simple and effective scheduling system using
broadeast and kanban. There were no computers in 1940,

Forward Fuselage
1-Required
Takt Time = 60.0 min

Propellor Dress
4-Required
Takt Time = 15.0 min

Rudder Sub-Assembl l

2.Required
Takt Time = 30.0 min

Rib Forming
6-Required Per Rudder
Takt Time = 5.0 minutes

History of Takt Time

Takt is @ German word which refers to the beat of music. It can also mean cycle, rhythm or repetition time. Sometimes it refers o the
baton of an orchestra leader.

During the 1930's, Germany and Japan were part of the Axis and German engineers helped organize the Japanese aircraft industry.
They used the analogy of a conductor's baton setting rhythm for the entire orchestra. After the war, Toyota picked up the word and
concept for its Just In Time or Toyota Production System.

Limitations of Takt Time

Takt time is usefu! for simple cells These are typical of the workcells at Toyota and what most people think of when they picture a
cell. Such cells have:

= Minimal Setups
= A Single Routing
= ldentical Work Times for All Products

Job-shops and other low-volume, high-varety operations can also use cellular manufacturing, it's just a bit more complicated. Takt
time has little relevance for these Group Technology workcells.

Here we must account for setup times, multiple routings and varied work times. Mr. Lee's book, “Facilities and Workplace Design”
shows how to do this. You may download the chapier on workcalls from the upcoming Second Edition

Problems can result from an unjustified preoccupation with Takt time. Designers who think only of Takt time may conclude that
certain products cannot use Cellular Manufacturing and their companies lose the many benefits.

In other situations, an obsession with Takt ime, One Piece flow and linear cells leads to unsuitable designs. This can have
disastrous results as shown in our page "When Kaizen Blitzing Replaces Strategy”.

Takt time is a powerful and valuable concept. Like all intellectual constructs, it has limits.
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Canon Tokki OLED production system

https://www.canon-tokki.co.jp/product/understand/what.html
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https://www.mbe-
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Flat Panel Systems

Monte Carlo simulation of thin film deposition for industrial continuously running-

through flat panel coating systems

linear source

point sources

substrate speed
—

deposition length

&

i

source - substrate
distance

source - substrate
distance

thickness

nozzles distance

tilting angle

Schematic illustration of the deposition process with pairs of point sources, or with
a linear evaporation source, which deposit material onto linear moving flat panels.

n Why MC-Simulation?
It provides important information while
saving time and money

m MC-Simulation allows the optimization
of
- source design
- source arrangement
- deposition chamber layout

m It provides information about
- layer uniformity
- material efficiency
- layer composition

m For single material deposition and co-
evaporation

Figure 1: Simulation of the flux distribution on a stationary substrate, assuming a single effusion cell using an insert for beam shaping.
The black rectangle represents the deposition window of 125cmx300cm.
Figure 2: Combined flux distribution on the substrate by two symmetrically aligned effusion cells.

simulation/flat-panels.php
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OLED Display OLED Lighting

Development YAS in-Line Production System

© Developed OLED mass production system of the 5th generation and higher

YAS consortium was selected as IT core technology development project, “the 5th generation level AM
OLED organic deposition equipment” development project by Ministry of Knowledge and Economy (in
2009) and also, it is developing next-generation horizontal method linear deposition equipment for
manufacturing large-sized OLED TV panel or panel for notebook.

YAS is the hosting company of YAS consortium and leads equipment development having the highest mass
production in the world by connecting YAS's own core technology and partner companies’ unique
technology, which aims to selling mass production equipment of the 5th generation level in 2012. YAS's
linear system is the best equipment for mass production of OLED display and panel for OLED lighting.

Linear In-Line System




Deposition into ionic liquid
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Fig. 1. (color online). Image of ionic liquid-assisted vacuum
deposition technique.
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Table 2.2. Evaporation source table. For a number of materials the melting points
(M.P.} are given as well as different possible means (including material) for evap-
oration [2.2] (W: Tungsten, Ta: Tantalum, Mo: Molybdenum, Ac: Alumina, Bo:

*

7
112N

ELERE

Beryllium oxide, Q: Quartz, P Porcelain, C: Carbon, Fe: Tron, Bu: Boron nitride)

Evaporation MP

Bas- Fila- Boat Cru- Remarks and technigues

material "C] ket ment cible
Aluminum ' G600 W W W Br, Wets and alloys readily with tungs-
(ALY 3 ten, stranded wire superior to sing-
le strand, Aluminum 99.9%-pure is
necessary for good optical films.
Sputters very slowly.
Alumina 2050 W W Recommend RF :i].:ut.tr:r.ing
{AlaOg) or reactive sputtering
Antimony 630 Mo, Mo, Ao, Evaporates readily from all sources.
(5h) Ta Ta O Use external heater with crucibles,
Toxic.
Arsenic G613 (Sub- Ao, Sublimes, use external heaters with
(As) lirmes C  crucible. Toxic.
Barium T W W W Readily evaporates from refractory
(Ba) Th, metals without alloying. Chips
Mo must be scraped clean of oxides.
Sputters moderately.
Beryllium 1284 W W Ta, Bo, Weits rcfl'acu:ry metals. Heat Bo
(Be) W, C crucible with electron bombard-
Mo ment. Sputters moderately. Very
toxic,
Bismuth 271 W W Ta, Ao, Heatl crucibles with external
(Bi) W, C heater. Vapors are toxic.
Mo
Boron (B) 2000 C Carbon resistance heated boat or
sLrips.
Cadmium 321 W W W, Ao, Heat crucible with ;:'xlenuil hasket
(Cd) (Sub- Ta P heaters. Evaporate Cd rapidly to
limes) Mo Q insure condensation on substrate,
Sputters moderately. May contami-
nate vacuum systein.
Caleium 810 W Ao Use external heaters with erucible,
(Ca)
Carbon 3650 Carbon rods pointed and pressed
(C) together to make high resistance
contact. Use RF Sputtering
technigue.
Chromium 1900 W W W Electrodeposit Cr on filaments.
(Cr) (Sub- Use chips in tapered bazkets
limes) and dimpled boats. Sputters well.

Table 2.2 (continued)

Eapunl.!.iuu- MP Bas- File- Boat Cru- Remarks and technigues
material |:'(_'5] ket  ment cible
Cobalt 1478 , W Ao, Cobalt alloys veadily with refrac-
(Co) Bo  tory metals, therelore evaporant
should not exceed 30% of weigh
of source. Use embedded heater
with crucible (H type). Sputters
well.
Copper ¥ umﬂ W W W, Ao Cu E\;purnh‘s well from all refrac-
[Cu) Ta tory sources, Sputters well, Ao
Mo Coated Boat.
Ealiium a0 Av, Reacts with metals and will attack
{Ga) ), crucibles above 1000°C. Heat cru-
Bo  cible with external heater. Ao coa-
ted boat
Germanium 959 W W W Ao, Ge wets W, Ta and Mo, Densified
(Ge) Ta, C graphite resistance source recow-
Mo mended, Sputters fair.
Germzmiun-u 11156 W W W, Evaporates similar to 5i0. Use
Oxide Ta covered boat or box sources.
(GeOa) Mo
Gold 1[1;.i."l W W W, Ao Jold wets W and Mo, Filament
{An) Mo should be wrapped tightly with
fine wire, Sputters well. Ao coated
baoat.
Indinm 157 W W, Use Mo for boats.
{In}) Mo N
Tnel. oxide 5 P Use platinum sources, Reactively
(Tnz203) SPULLeT.
Trom T 1585 W W W Ao, Fe must not exceed 30% of the re-
(Fe) Bo, fractory metal source. Use embed-
C ded W heater with crucibles.
Sputters well,
Lead 328 W W -‘;’tr'. Ao, Lead does not wet refractory
(Ply) Mo Fe metals well. Use external heaters
with erucibles. Sputters well. Toxic.
Lithiwm 179 h Uze external heater for crucible
(Li) o} Attacks Q).
Eugnmlum l.i-'fnl W W W, C Mg sublimes from refractory sour-
(Mg) {Sub- Mo, ces, Produces high reflective coa-
limes) Ta ting. Sputters very slow.
Manganese 1244 W T W, Ao Wets refractory metals well. Use
(M) Mo, cither internal or external crucilile
Ta heaters,




Table 2.2 {continued)

Table 2.2 {continued)

Evaporation MP  Bas- Fila-

Boat Cru- Remarks and technigues

Evaporation MP  Bas- Fila- Boat Cru- Remarks and techniques
material [FC] ket ment cible
Molybdenum 2622 Spuiiers well. Evaporation source
L] material,
Mickel 1455 W W Ao,  Electroplated coating on heavy
(Ni) Bo  tungsten filament nol to exceed
0% of the filament mass. Use
dimple type boat. Sputters very
well,
Nichrome 1360 W Ao Reacts with relvactory soureo. Use
{Ni/Ce) 20% or less. Fractionates. Sputters
well, deposits as the alloy.
Palladium 1555 w W Ao, Evaporates rapidly. Alloys with
(Pd}) Bo  refractory metals. Sputters well,
Platinum 1774 W W Alloys with refractory sources
(Pv) and must be evaporated rapidly.
Sputters well.
Selenium 217 Mo, Ao, Wets all sources and may
(Se) Ta Mo, contaminate vacuum system.
304 Ta, Toxic
stain- Q)
less
aleal
Silicon 1420 Bo, Use only small amounts with
(Si) ¢ crucible source. Use external
heater. Difficult to evaporate
free of Si0. Use RF sputtering
technigue
Silicon 1800 Use RE or reactive Sputtering
Dioxide techmigue.
(5i02)
Silver a6l Ta, Ta, Wing Ag wire tightly on filament.
(Ag) Mo Mo Sputters well. Ao Coated Boats.
Tantalum 2096 Sputters well. Fvaporation
(Ta) source material. Getters Oz,
Tellurium 452 W W Ao, Wets without alloying refractory
(Te) 0 metals. Heat erucible externally.
May contaminate vacuum system.
Toxic,
Thallinm 304 Ta Ta Ao,  Wets without alloying I'u Llse
(T1) ) external heater with crucible.
Toncic.
Thorium 1827 W w Wets tungsten readily.

material [PC] ket ment cible

Tin 232 Mo, Mo Mo, Ao, Weis Mo readily. Sputters well.

(Sn) Ta Ta C

Titanium 1727 W, W, w C Sputters well, Reacts with W and

(Ti) Ta Ta deposits contain traces,

Tungsten 33s2 Evaporation source material.

(W) Sputiers well.

Uraninm 1132 W Forms oxided deposits

() Sputters well.

Vanadium 1697 W W,  Alloys slightly with W, wets and

(V) Mo does not alloy with Mo, Sputters.

Zinc 419 W (Sub- W, Ao, Wets all refractory metals.

{Zn) limes) Ta P Use external heater with crucibles.
May contaminate vacuum system.
Sputters well,

Zirconium 2127 W W W Zr wets and alloys slightly with

(Zr) W, film contains traces of W,

Requires good vacuum to avoid
oxidation. Sputters well
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Amorphous # Random orientation (Just lack of long-range periodicity)

Molecular orientation in OLED
-Improve light outcoupling
efficiency

OLED
Cathode
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ETL Catho
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Horizontal orientation Vertical orientation Metal
- electrode
2y A {3 11— Organic
. (DD —F ayer
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J. Frischeisen et al ., Org.
Electronics, 12, 809 (2011).
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How to monitor the film thickness
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https://www.youtube.com/watch?v=BycPkRIutqg
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BE(molecular beam epitaxy)
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Ion plating
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Pulsed laser deposition method
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Atomic Layer Deposition
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