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Temperature Analysis for Optimizing the Configuration
of the Linear Cell

Jongwook Choi*, Sungcho Kim, Jeong Soo Kim
School of Mechanical and Aerospace Engineering, College of Engineering,
Sunchon National University, Suncheon, Jeonnam 540-742, Korea

The market demand of display devices is drastically increasing in the information technology
age. The research on OLED (Organic Light Emitting Diodes) display with the luminescence in
itself is being more paid attention than LCD (Liquid Crystal display) with the light source from
the back. The vapor deposition process is most essential in manufacturing OLED display. The
temperature distribution of the linear cell in this process is closely related to securing the uni-
formity of organic materials on the substrate. This work analyzed the temperature distribution
depending on the intervals between the crucible and the heating band as well as on the amount
of the heat flux from the heating band. Moreover, the roles of the water jacket and the configura-
tion of the cover within the linear cell were examined through the temperature analysis for six
configurations of the linear cell. Under the above temperature analysis, the variations in the
intervals and the amount of the heat flux were considered to have an effect on building the
uniform temperature distribution within the crucible. It is predicted that the water jacket and the
adequate configuration of the cover will prevent the blowout and clogging phenomena, respec-
tively. The results can be used as the fundamental data for designing the optimal linear cell.
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1. Introduction

The research on the information devices has
been being constantly conducted since the de-
mand on them has been on the increase in the in-
formation technology era. Widely used in the past,
CRT (Cathode Ray Tube) has been fading away
due to a number of disadvantages in the aspect of
weight, volume, flatness and resolution, compar-
ing with FPD (Flat Panel Display). LCD (Lig-
uid Crystal Display), one of FPDs, is being ex-
tensively spread these days owing to many advan-
tages such as the thin thickness, the light weight,
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the low power consumption and so forth. Despite
these strong points of LCD, the technology de-
velopment of OLED display has been being
largely researched as it is better than LCD in the
brightness, the contrast, the view angle, the scale
and so on (Tang et al., 1989 ; Kido et al., 1994 ;
Hamada et al., 1995 ; Tokito et al., 1995 ; Granstrom
and Inganiis, 1996). With the luminescence in
itself, the wide view angle, the fast response and
the low power consumption, OLED display has
been focused as the next generation of display. It
has already been adopted on the outside panel
of mobile phones and will be expected to extend
to the fields of PDA (Person Digital Assistants),
digital camera, digital camcorder and even televi-
sion monitor.

Since OLED was first recognized by Pope in
1963, investigations using the mono-molecule (Tang
and VanSlyke, 1987) and the polymers (Burroughes
et al, 1990) have been extensively performed.
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OLED display requires the technology for manu-
facturing thin films, which can be manufactured
using the vapor deposition method in a vacuum
state, suggested by Faraday in 1857. In this manu-
facturing process, the organic material in the cru-
cible is sublimated and deposited on the substrate
by heating in a vacuum condition. The evapora-
tors for manufacturing OLED display can be
classified as the point cell type and the linear cell
type (Smith, 1994). While the crucible in the
point cell takes on the small cylindrical configu-
ration, the one in the linear cell does the long
rectangular geometry. There is a disadvantage of
being difficult to build the large-scaled display
in the point cell, even though it can obtain the
uniformity of the thin film with ease. On the other
hand, a drawback of the linear cell lies in the
difficulty of leading the uniformity of the thin film
in spite of the benefit of being suitable in creating
the large-scaled display. The uniformity of the
thin film depends on the temperature distribution
of the source, the organic material, in the crucible.
That is because the source composed of particles
is first sublimated from the place where it reaches
out to the sublimation point in the crucible, and
then deposited on the substrate. In brief, the tem-
perature distribution in the source counts on the
configuration of the linear cell. The studies con-
cerning the acquisition of the uniform tempera-
ture distribution have been done in the point cell
(Choi et al., 2004) and the linear cell (Choi et al.,
2005). They proposed the ways of gaining the
even temperature distribution, with the crucible
configurations changed. In the previous study on
the linear cell, the uniform temperature distribut-
ion was achieved after modifying the both ends of
the crucible into the cylindrical configuration.
The present study intends to obtain the uniform
temperature distribution, shifting the parameters
such as the intervals between the crucible and the
heating band, and the amount of the heat flux
from the heating band. The geometry of the cru-
cible remains unchanged in this work. Then, how
the parameters can affect the temperature distri-
bution is examined. Next, the temperature analy-
sis is carried out on the six configurations with
matching up the water jacket to the configura-
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tions of the cover in the linear cell. Then, how the
water jacket and the configuration of the cover
have an effect on the temperature distribution is
inquired. The heat transfer by conduction and
radiation is analyzed using STAR-CD (STAR-
CD User Guide, 2004), a commercial code, and
the grid system required in the temperature analy-
sis is generated by ICEM CFD (ANSYS ICEM
CFD User Manual, 2005).

2. Configurations and Computational
Conditions

2.1 Parameters

The source heated in a vacuum state is deposit-
ed on the moving substrate in the linear cell as
seen in Fig. 1. The general linear cell consists of
the source, the crucible, and the upper and lower
parts of the heating bands (Fig. 2). With the re-
sult of the temperature analysis in this linear cell,
the deviation of the temperature occurred in the
direction of the length of the source (Choi et al.,
2005). In other words, the temperature value at
both ends was marked higher than the one in the
center of the source. It was noted that the source
was hard to be evenly sublimated in such temper-
ature distribution. Therefore, the temperature an-
alysis should be conducted, so as to reduce the
temperature deviation, based on the two occa-
sions as suggested below. The calculation condi-
tions are given in Fig. 2 and the dimensions of
the configuration for the temperature analysis in
Table 1. The escape boundary represents a non-
reflecting surface at the outer boundary. The ini-

Substrate *— Vacuum chamber’
—

Moving support

Source

Linear Cell

crucible, heating bands)

(a)

L=

Fig. 1 Configuration of the linear cell
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Source
{Wall, Conduction)

Crucible
{Wall, Conduction)
Upper heating band
(Wall, Heat flux = 3.0 kW/m?)

Lower heating band
{Wall, Heat flux = 1.5 kW/m?)

Initial condition
{Temp. =293 K}

Fig. 2 General configuration and calculation con-

Quter boundary
(Escape boundary, Temp. = 293 K)

ditions of the linear cell

Table 1 Dimensions of the linear cell

Dimensions {mm)
900X20%63
910X 3095 (thickness: 10)
950X 70X 40 (thickness: 10)
1020 X 140 X 160

Source
Crucible

Heating band

Outer boundary

tial condition is set to 293K, the room tempera-
ture, and doesn’t affect the final temperature dis-
tributions in the steady state.

2.1.1 Intervals between the crucible and the
heating band

In general, the heat flux is more transferred into
both ends of the crucible because of the charac-
teristics of the configuration. Thus, a considerable
amount of the sublimation takes place at both
ends of the source, which makes the source not
evenly deposited on the substrate. For this reason,
the temperature deviation should be narrowed
through controlling the intervals between both
ends of the crucible and the heating band as in
Fig. 3. The configurations on the linear cell are
designed with an interval of 20, 60, 100, 140, and
200 mm, respectively. The interval of the general
linear cell is 20 mm as seen in the dotted circle A
in Fig. 2

2.1.2 Amount of the heat flux on the heating
band

The heating bands as indicated in Fig. 4 are

separated in order to obtain the uniform tem-

Fig. 3 Interval between the crucible and the heating
band

Fig. 4 Configuration of the separate heating bands

Table 2 Heat flux of the heating bands (kW/m?)

Upper heating bands|Lower heating bands
Model No.

Ul U2 Lt | 12
Flux_ I 3.0 1.5
Flux_2 30 3.0 1.5 L5
Flux 3 30 4.0 1.5 1.5
Flux 4 30 5.0 1.5 1.5
Flux 5 30 55 1.5 1.5
Flux_6 30 6.0 1.5 1.5

perature distribution on the basis of the general
linear cell. The amount of the heat flux is set, as
given in Table 2, as 3.0, 4.0, 5.0, 5.5, and 6.0 kW/
m’ at both upper ends (U2) of the separated
heating bands. These values are required for sub-
limating the source at the temperature of about
473K-573K. In Table 2, Flux_1 describes the cal-
culation conditions of the unseparated heating
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bands in the general linear cell.

2.2 Six configurations

The water jacket and the cover are added to the
linear cell in designing as in Fig. 5. Also, the
heating bands are changed into the heating wires
for the temperature analysis. The water jacket
plays a role in preventing the lower part of source
from reaching at the sublimated temperature by

Upper heating wire
{Wall, Heat flux = 3.0 kW/m?)

Lower heating wire
(Wall, Heat flux = 1.5 kW/m?)

Water jacket
(Wall, Temp. = 293 )

(Wall, Conduction)

Outer boundary Initial condition
(Escape boundary, Temp. = 293 K) (Temp. = 293 K)

Fig. 5 Configuration of the linear cell with the water
jacket and the cover

(e) Geom_5

cooling it. The temperature of water jacket is set
to 293K, which represents the room temperature
in the vapor deposition process. The six config-
urations are indicated in Fig. 6. Geom_1, Geom_2
and Geom_3 contain the water jacket (marked
by the dotted rectangles), while the rest of the
cases are without it. The covers are categorized
into three configurations, that is, Geom_l and
Geom_4 are one, Geom_2 and Geom_5 the other,
and Geom_3 and Geom_6 another. The circles
are added in the figures for the clear differences in
the covers. The calculation conditions are de-
scribed in Fig. 5.

3. Temperature Analysis

The temperature distribution over the linear
cell can be obtained by the analysis of the con-
ductive heat transfer in the solid domain and the
radiative heat transfer in the vacuum domain
(fluid domain). The heat conduction equation
used in the solid domain is given by Eq. (1).

(f) Geom_6

Fig. 6 The six configurations of the linear cell
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) (kaT

an axj>+se:0 (1)

where T refers to temperature and % conductivi-
ty of the solid material. As for s, it is the heat
generation from radiation energy at the solid/
fluid interface. The temperature distribution for
the source and the crucible can be obtained in
the similar way to the temperature analysis for
compound materials with different properties.
The numerical analysis over the vacuum domain
is carried out by setting the flow velocity as 0
m/s and the conductivity as the lowest value
(STAR-CD Tutorials, 2004). The properties of
the materials are arranged in Table 3.

The DBM (Discrete Beam Method) is employ-
ed for computing the radiative heat transfer and
the surfaces are assumed to be of the grey Lambert
type. The surface boundaries are subdivided into
patches, which the beams are individually emitted
from. As the beams strike the opposite patches,
the total radiation flux leaving the patch 7 is
given by Eq. (2).

]iZErEB,i+prIi (2)

where &, refers to emissivity, Eg; (=¢7}) black-
body emission flux, p; reflectivity, and Ii< =ZF,~J,-)
incident flux, in which ¢ means Stefan—boltjzmann
constant and Fy; is given in Eq. (3). The emis-
sivities of the crucible, the source, and the heating
bands in the numerical analysis are set to 0.69,
0.5 and 0.19, respectively.

N
Fijzkglakfij (3)

where @, is equal to 1 if the beam hits surface j
or zero otherwise, and f; is the view factor for
a single beam. The total number of beams, Ny ;

Table 3 Properties of the materials

. Density | Specific heat | Conductivity
Material
(kg/m®) (3/kgK) (W/mK)
Fluid 1.205 1,006 1.0x 1077
Solid
(Crucible) 3,960 850 30
Solid 105 1,400 0.35
(Source)
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is 4N? in which N is the number of subdivi-
sions in one direction (STAR-CD Methodology,
2004) .

Meanwhile, when the heat flux is prescribed at
the boundary condition for the heating bands, the
wall temperature (7%) can be deduced by solving
the non-linear polynomial as in Eq. (4).

go=arl;i— ;0T —he (Tw—Ty) +q4  (4)

where gy is the total wall heat flux, /: the local
convective heat transfer coefficient, T the adja-
cent fluid temperature, g7 the heat flux generated
at internal conducting boundaries.

4. Results

4.1 Intervals between the crucible and the
heating band

When the intervals between the crucible and the
heating band are 20, 60, 100, 140 and 200 mm,
respectively, the temperature variations toward
the length at the edge of the upper source are
plotted in Fig. 7. The position plotting the tem-
perature variations is where the source is first
sublimated. At this position, the even temperature
distribution leads to the uniformity of thin film in
the vapor deposition process because the amount
of the sublimated source depends on the tempera-
ture. The non-dimensional temperature (&) and
the non-dimensional length (X) are given by Eq.

(5)
6= ( T— Tmin) /( Tmax_ Tmin)

X=x/L (5)

1.0

0.9 \20 mm
0.8

g
£ 06
2
g 0.5
2
4 04
5
5 %% Novwm - : eeetfice
o
2 0.2 -
i40
0.1 \.._.""-“L M«vwww@w*'*wam Ol oo —*om/
200 mm o .
0.0 ‘ e
0.0 0.1 0.2 0.8 0.4 a.8 0.6 0.7 0.8 0.9 1.0

Non-dimensional length

Fig. 7 Temperature variations with the intervals be-
tween the crucible and the heating band
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where T refers to the temperature at the edge of
the upper source shown in a dotted line in Fig. 8
{(a), Tomn the minimum value out of the tempera-
ture results of the varied intervals, Thax the maxi-
mum value out of the temperature results of the
varied intervals, and L the length of the source.
The temperature variation at an interval of 20 mm
is shaped as a parabola with the highest tempera-
ture at both ends. Such temperature curve is
owing to a large amount of the heat flux trans-
mitted at both ends. A parabola pattern turns into
almost the straight line as the interval is widened
up to 140 mm.

When an interval of 140 mm is compared with
an interval of 20 mm in the temperature distribut-
ion shown in Fig. 8, the former can be identified
as the uniform temperature distribution in the di-
rection of the length. This phenomenon is caused
by increasing the intervals between the crucible
and the heating band, resulting in the reduced
amount of the heat flux at both ends. However, at
an interval of 200 mm the temperature deviation
in the direction of the length of the source become
extended in the wake of lessening the amount of
the heat flux acquired from both ends, which
leads to the temperature drop. In consequence, it
can be suggested that the reasonable interval be-
tween the crucible and the heating band plays a
role in cutting down on the temperature devia-
tion.

(a) 20 mm

{b) 140 mm
Fig. 8 Temperature distributions (C) with the in-
terval between the crucible and the heating
band
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42 Amount of the heat flux on the heating
band

The temperature variations with the amount of
the heat flux on the heating band are depicted in
Fig. 9. In the case of Flux_l with the unseparated
heating bands, the temperature variation in the
direction of the length at the edge of the upper
source is a parabola in shape. Accordingly, by
means of diminishing the temperature deviation
between the both ends and the middle, both edges
of the heating bands are made to separate {Fig. 4)
and the amount of the heat flux in the upper part
(U2) is set to 3.0, 4.0, 5.0, 5.5, and 6.0 kW/m?,
respectively. In the case of Flux_2, the relatively
lower temperature value comes out at both ends
against the one in the middle. That is because the
amount of the heat flux declines due to the gaps

Non-dimensional remperature

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Non-dimensional length

Fig. 9 Temperature variations with the amount of
the heat flux in the separate heating bands

sSRIRTRRRTS
pt-tri e rhd it et

174
15?7
X 14.0

(a) Flux_1

R

nuRen
cehsnod

(b) Flux_5
Fig. 10 Temperature distributions (‘C) with the
heat flux in the separate heating bands
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generated by the detachment of the heating bands
at both ends (L2, U2) from the ones in the di-
rection of the length (L1, Ul). It is mentioned
that as the amount of the heat flux at both ends
(U2) is getting increased, the temperature devia-
tion is getting decreased in the cases of Flux_2
through Flux_6. In the case of Flux_5, about 90 %
of the length, excluding both edges, keeps the
almost uniform temperature distribution. Fig. 10
accounts for the results of comparing the tem-
perature distributions toward the length in the
cases of Flux_1 and Flux_5. Consequently, if
the amount of the heat flux is adequately con-
trolled at both ends through separating the heat-
ing bands, the temperature deviation toward the
length of the source can be reduced.

4.3 Six configurations

The results of the temperature analysis on the
six configurations are demonstrated in Fig. 11.
A horizontal axis indicates the non-dimensional
height of the source and a vertical axis points
out the non-dimensional temperature of it. The
temperature in the lower part of the source is
shown lower than in the upper part in the cases of
Geom_1, Geom_2 and Geom_4. On the contrary,
if the temperature in the lower part of the source
is higher than in the upper part, the vapor de-
position process can not be implemented any
longer on account of the blowout phenomenon.
The blowout is that the source inside is sub-
limated and ruptured earlier than the upper part
of the source. As the temperature distribution in
the cases of Geom_1 and Geom_2 is relatively low
in the lower part of the source under the influence
of the water jacket, the blowout phenomenon
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does not occur. In the cases of Geom_3, Geom_5,
and Geom_6, however, the blowout phenomenon
is expected to appear because the temperature in
the lower part marks the highest. Especially, in
spite of the effect of the water jacket in the case of
Geom_3, the blowout phenomenon is predicted
under the influence of the configuration of the
cover as shown in Fig. 6(c).

The temperature distributions in the cross sec-
tion of the source, the crucible and the cover
are given in Fig. 12. In the case of Geom_l, the
temperature in the upper part of cover is lower
than in the source as in Fig. 12(a). This fact leads
to the clogging phenomenon that the sublimated
source is deposited onto the cover with a rela-
tively low temperature and the entry of the cover
is blocked by the deposited source. This clogging
phenomenon can be prohibited in the vapor de-
position process by locating the cover in the
outside of the crucible. The temperature distribu-
tion in the case of Geom_2 that the cover does

100 peb=p y
Geom 2 MMWM
BTN L st pou ¥ Tt
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2
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e
§
Z
060 1o - R e e
085 b e e
0.80

000 005 010 015 020 025 030 035 040 045 080

Non-dimensional height
Fig. 11 Temperature variations with the configura-
tion of the linear cell

(a) Geom_1

(b) Geom 2

Fig. 12 Temperature distributions (°C) with the configuration of the linear cell
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not overlay on the crucible is presented as in
Fig. 12(b). This configuration can keep the clog-
ging phenomenon from occurring in the case of
Geom_l. The temperature distribution in the case
of Geom_3 with the configuration attached the
crucible to the cover is shown in Fig. 12(c). In
such case, since the temperature in the upper part
of the cover is lower than in the source, as in the
case of Geom_l, the clogging phenomenon is
expected to emerge.

5. Conclusions

The most significant factor in the vapor de-
position process using the linear cell is that the
source is uniformly deposited onto the substrate.
The temperature deviation in the direction of the
length should be small for the purpose of the
uniformity of the deposited source. However, the
general linear cell takes on a parabola shape in
the temperature distribution since getting a rela-
tively considerable amount of the heat flux at
both ends of the source. This research conducted
the temperature analysis in the two ways so as
to cut down on such temperature deviation. As
a consequence, the temperature deviation could
be narrowed through the first way, adjusting the
intervals between the crucible and the heating
band at both ends, in comparison with the general
configuration. In addition, the uniform tempera-
ture distribution could be obtained through al-
tering the amount of the heat flux in the upper
part of the heating bands by separating the heat-
ing bands from both ends, the second way. These
ways are likely to be applied when the linear cell
is designed for the vapor deposition process with
the uniformity. On the other hand, the tempera-
ture analysis on the six configurations was carried
out with modifying the configurations of the
general linear cell. With that result, the blowout
phenomenon will be able to be prevented by put-
ting the water jacket and the clogging pheno-
menon will be forbidden when the cover is not
placed above the crucible or contacted to the cru-
cible. All those results concerning the tempera-
ture analysis are supposed to be used as the ways
of optimizing the design of the linear cell. The
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future work will be arranged to analyze taking the
more realistic configurations into consideration
to obtain the uniform temperature profile.
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