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Analysis of Fluid Flow in the Linear Cell Source for Organic Semiconductor Thin Film
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This paper presents a study on fluid flow analysis of organic semiconductor thin film deposition
process using the computational numerical method. In the production process, the thickness of
deposited organic thin film depends on distribution of nozzle size in the linear cell system, so we
analyze to decide the optimal nozzle system for uniform thickness of organic thin film. The results
of deposited thickness of thin film by numerical analysis are in good agreement with those of the
experimental measurements.
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14y 1. A8

p = density S7REA ARE ARG DRAE TR
V = velocity o olE& BT gk, P9, F9d A 7tE
P = pressure & FEE MY 28R FUINEANE LEAE
g = gravity 8o Ho] ALB3}EZ spin coating, screen printing,
= viscosity inkjet printing 5 &3 FAOZ LA ge] JHE
€= tmme S qud T4 olsu Be AL, £ A

T = temperature

C = specific heat

7 = average convection cocfficient
q = heat generation

R = gas constant

dr = deposition rate

dt = deposition thickness
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A2
i ohE {FIINEA A Hl?sﬂﬂgi o}H A8
SE A FUTh frlRgtele s gAZyo] A
B3t ool K71HA LR E@X]ilﬂ, H7)
2, F71Y ERX2H, F71HEAA, flexible
device & 7143 5 A S/ AL} AL
37t Aug Aoz Agdns

e frld A A4S e 937 A
o Wgsy] 8 G7IEEA gu o] WA
oz AdgEojol ok FIIMEA FFHE 9std
71E AHEHA e A F &Y (point cell source)
N& A$e 6 A B 2H9e A8 A

T Y& BEA A&KHoz AEE £ Qe
Al 2ol Q’E}E @io]l drt ol dHEE B
stan FirEelel A&=7] M FH7)9 A
8EE ] Fotof st Ao #dg {7 gt
= AT F dE 48 FFY(linear cell source)
71 o] HEH oty
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FAFEE FXNHA PPoz 3 4-3}3)11:}_ a4
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AF7HA AR TE7E Fig. 29 ol A F
F ¥ (point cell source) 0. F& AWAH oW
Zo AMgE o, qHAe R AAE F
A3HAl Fast7)o] A3 #3Gch B AT
A A 2ol et TR7)E AE F2A(linear cell
source) 2= Fig. 3 3 o] FHv|o N HAH {7

o{)l Dy

o

odule
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Fig. 1 Organic semiconductor thin film deposition system

Point cell source Linear cell source

Fig. 2 Comparison of point cell with linear cell

Outlet pressure : 10-torr

A

370mm

Po27Emm 2 2 :

; W 14— Atmosphere temperature
P e o

; Chamber :

H Ts: 125mm :

' * Nozzle

, * Main tube + fluid

i 1s00°C

: = ®Constant inlet mass flow rate
P Lddpg/s, 4.35ug/s

§ f * Isolated by cooling water

Fig. 3 Schematic diagram of linear cell source
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%—71 Yol HAF 4Fo] Lo £7Ue
T Aojstd ZAFAE I7] st Bapw
% 7-1744 AR A5g AAEA SRR S
TR HHo wEF YL TS
Fig 3 & FASN H8d HHSq £ 4

& vehia gl
3. HEEIIUF "y
31 XA Y

X 3|4 FVM(Finite volume Method) I} &
Z Fig. 4 & &Ax9 Zo] Ate] AFHT 4
Ao As L -rrxﬂ-f] ] AH 3} Navier-
Stokes Equation &% A& A A& o] &3] ux HH3F

_,_) vy Hl—?ﬂ:—’m‘—‘:) W(Z ks e )TE: At Fo o
YA BAAE o] §3te] 2EE A4S Alld

EAAE AL A vuste 8 wpA ukE
3to] AlLbgtch, A&HA A Navier-Stokes equation
< £E7F 107 o8 duA WAL exrt 10°
o]zt Qxt7kA] WHE Agth FEFTHL AlF

1 & ool AAHQ F&o] M7 wjFoj
]“EIMV‘P"%H Al gk mE HolBgL s
P4l g1, A El(steady state)2 7135 &
&+t

3
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Update properties

l

Solve sequentially
Uu.v ., w

i

Solve pressure—correction
(continuity equation)

Update mass flux
Pressure, and velocity

Solve energy equations

No ’ Yes / \
Converged? J————’Qtip/

Fig. 4 Flow chart of fluid flow analysis
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Fig. 5 Mesh generation in solution domain
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Table 1 Thermal properties of fluid
Temperature |Specific heat Tl;erm'a¥ Viscosity
oc) (kg » C) cont uctn:lty (ke/m - 5)
( (W/m + C)
26.85 1.007 0.0263 1.59x10°
126.85 1.014 0.0338 2.64x10°
226.85 1.03 0.0407 3.88x107
326.85 1.051 0.046 5.27x107
426.85 1.075 0.0524 6.81x107
526.85 1.099 0.0573 8.49x107
626.85 1.121 0.062 1.03x10°
726.85 1.141 0.0667 1.22x10°
=23 A" A9 YEE 7900(kg/m’)
S dFsen, B 2 o 43 E4XAE YEJ
2
Table 2 Thermal properties of solid
Temperature | Specific heat Them.lal.
o o conductivity
() (kg C) (Wim - C)
26.85 477 14.9
126.85 515 16.6
326.85 557 19.8
726.85 582 22.6
426.85 611 254
323 FA=H

Fig. 3 oA gt o] 7
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Fig. 6 Velocity distribution with glass plate in solution
domain
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(b) Density distribution

(d) Velocity distribution
Fig. 7 Distributions of temperature, density, pressure and

velocity in chamber
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Fig. 8 Uniformity of deposition rate (inlet mass flow;
4.35ug/s, nozzle- to-plate distance; 125mm)
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Table 3 Optimized nozzle diameter

Distance from vaporizer to .
Nozzle diameter (mm)
each nozzle (mm)
15
45
75
105 5.1
135 51
165 5.1
195 5.1
225 52
255 5.3
285 5.6

273
188 FRFAE o

| Linear cell Dir.
370 mm

Fig. 9 Typical shape of experimental specimen to
compare of analytical results
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Fig. 10 Deposition thickness with optimal nozzle
diameter (nozzle diameter; table 3, nozzle-to-
plate distance; 125mm, inlet mass flow; 1.44
pg/s (90min) + 4.35pug/s(3min))
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