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Article history: Slot die coating is a pre-metered coating process commonly used for
Received 10 September 2023 manufacturing thin and wide films with high production speed and good
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Accepted 5 October 2023 uniformity. Recently, there has been an increasing demand for variable-width

coating by changing the slot width. In this case, the discharged flow rate per
unit width must be continuous for optimal uniformity thickness. This study
assesses the flow rate from the variable width slot die nozzle by adapting a
gravimetric method using a precision weighing balance. Changing slot width
alters internal flow dynamics. Therefore, through the fluid simulation, we
gauged any flow rate change caused by the hydrodynamic force from the width
change. For uniform coating thickness, we controlled the pump with the
Flow meter feedforward method from the baseline obtained by the simulation.
Experimental results demonstrate that the flow rate error was enhanced by 81%
and 14% for opening and closing slot cases, respectively.

Keywords:
Slot die coating

Coating uniformity
Variable width

Gravimetric method

.ME T &, =Ro|A AFdte & 22 Fig. 19] coating widthE:
it 2y AL AAshe 8% g F ohul 28
PHAQl &% tho] IR FHolU & 71w 9ol BpukS gk e EE % 39 F, 3% &% Sol o8 AFEn©.
LA TR 4 Sl viREA g0, Y gL HE ZZoll, AAAe] AEj|AloF ol 1T E/MIHY Az ol
52 B8l $22 Aojsts AAZ(premetered) WAOZ, HE Y 5871 F7Hkn ok DREMAY DaZeol A B
taZgo], uiel], Fot 28, ot HAFs 5o AW sglo] Aol AF P FHE 7HAE cover glass 71ETH LCD 3
223 3-8 Hopojl o ggw|x il Fig. 13} Zo] &£F tho] 2] H&ol] HZAI(OCR, optical clear resin)g EZsk= 7H4o]
£ 2402 g Zo £33 Yo AHE A YA &3 to] o] ARSHLE &% tiol9] =& Fo| Wsloh: Hly
t =He 58 Hzel Ao gk BE =20 i g7t ¥ Y9 AL, R YA {5 Y EE f&0] HSloHA
Fgioz YA Hxo| 15g Faf ZYdo] &F A& A FITF Y FAE /A5 ofFeh AAAFoIME trial and
U 7o g E£ET A0 7% B tho|7} o]Z5lHA 28] error WAlOE #Y TAIE 93 2E FA 2AL Fa gloy
"ot o714 &9 A2 tho] Afol9] AYE Wata, £F9]  ol& AlRH ko] uje go] =i Aotk

* Corresponding author. Tel.: +82-31-219-2342
E-mail address: ymanchoi@ajou.ac.kr (Young-Man Choi).

267


https://crossmark.crossref.org/dialog/?doi=10.7735/ksmte.2023.32.5.267&domain=http://journal.ksmte.kr/&uri_scheme=http:&cm_version=v1.5

Yeeun Bae et al.

Pump

Slot die Coating width

Slot

Substrate Coating direction

Fig. 1 Schematic of slot-die coating

B =RoAE HHY &% tho] 2ol Bl vEd 94
F402 BEY] AT 9% W7t Y WL A 71 AN
FH ASHS o183 £F to| =29 EE £ 4 WA
ol§3tel, HaLo] E43} 7Py &% o] §7F SAE Tt

E&70| Zo| W3l 1) £ 54

BMsla, o)& 7jbtog Hx wy Zaads AAsielr?
whto R, 7Y 42 tio] 2 Aladle) ZREEIS A
sta ke Wk AUe st

Moving wall

Tl %
.\,‘!'u"

T 4 Pour = U KPa {amb.

(a) Geometry of the CFD model

Ansys
wmm

Closing

¥

11 HAEAHRTRR AR R \\\\\\\\\

Opening

R

(c) Flow velocity distribution at the nozzle

j;
r
_\1
it
J,'L
%
re
re
—Ll
L,
>
i
-i
_il-t:l
v
8
L,

g
oSt EE EA BiQ_ CFD(computatlonal fluid dynamlcs) el
A AZEQJ0}(ANSYS Fluent 2022)g &l FA Ase B4
al,

star, o)g sMtow YT Y FAS 2] A% B2 2w
& A

Fig. 2(Ad €% tol ZE U f5 292 3733} mesh
& Haotitt. AAIZE Fig. 300 =AE0} Qs AAE UF
(shim)Z BAY G4 &£F29 UHIE HatAF]=d, /\]ga]ol"“oﬂ
Me £29 Yt dHS moving wallZ AAsto] I8 Z&
ZHEAIZHT. A9 Yte G oF S22 /S U6l

£2 o] w29 27 %2 0 Paz /1YL ¥2 E2 10

0.4

03 + 0.1 mL/s

25

0.2 - 0.1 mL/s

Nozzle Outlet Flow rate (mL/s)
)

0.1

0 2 4 6 8 10
Time (sec)

(b) Flow rate change when the slot width is varied

Closing

' .

Opening

(d) Flow velocity at the entire slot die

Fig. 2 CFD model and results of slot-die nozzle
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Shim
Variable slot-die nozzle (Stainless steel, t = 0.4 mm)

(width : 70~110 mm) .
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Fig. 3 Gravimetric measurement setup for variable width slot-die
nozzle
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Fig. 4 Flow rate measurement and control block diagram
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Fig. 5 Prototype of variable slot die coating system



Yeeun Bae et al.

3.1 AlA" 7o

Fig. 5AH 1% B2 AFS 9ol 4% 713
ARIE Hdoigiet. AgAlolA AR AlfA] Hz
Eﬂole(Ezi-SERvo-ST, FASTECH)7} Al@A](30 mL)25E]
£ FE0MH, €% UolE 7A €% =&M /A7 ES
Al EEEo] AYHM(WMSI203C,
Mettler Toledo)oll Al RAE 43t 7HH &3 EE APE 9
3f, 2lyo] AH|O|A|(MTS50, Thorlabs)Z &% tho] W&ol A
o] B0 LH|E 7HAAIZIT “4 olFAY(EZE & Wdhe
40 mm(Z]tf 50 mm)o]x, ) o|F &=t 2.7 mm/sOlt}.

o

ﬂll

A

Hu, EEd 'rrﬂ =

10

E_’

ACANTN
S

2 AFAEH(u= 5100 cPs)0] L,
&+ A3}7} Table 10 Ytk HHE =
T2 535 ul/s2 QA7 &A%t %

EZ §olle At £A1HH, AJ-A] Hzo] A A1 H
slo &% ‘:}O] 7HE Sl ”4 —‘—7\} 4 &% to]

015} =

bl Ho ofl > o

=t

I

274e
o] EX HO}—Eﬂ ‘rrxﬂ-—] o=z
3] H(suck back) HH

Fig. 7= 3= 44 E& /\]

f

iy

=0

=
o
!

1o

r&{{}.

100

Start

80|

Flow rate (u:L/s)

20 40
Time (sec)
Fig. 6 Gravimetric flow rate measurement result : fixed coating

width for 50 ;Z/s pump command

10

Table 1 Experimental results in case of fixed coating width

Time Mean Repeatability | Noise level
constant (s) (uL/s) (Lo)puL/s) | (3o)ulL/s)
34 53.5 0.86 3.1
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Fig. 7 Gravimetric flow rate measurement results
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Table 2 Experimental results in case of variable coating width

Mean (uL/s) Repeatability (1o)(ul/s) Noise level (30)(uL/s)
. Fixed width 52.6 0.66 3.5
Opening P
Varying width 22.3 0.71 6.8
. Fixed width 524 23 33
Closing - -
Varying width 82.6 3.0 5.6
Table 3 Experimental results with flow-rate control
Time RMS error (%) Repeatability Noise level
constant (s) Section 1 Section 2 Section 3 Total (o) (uL/s) (30 )(UL/ s)
Original 5.0 15.7 9.4 8.2 11.1
Opening Feedforward 1.7 2.2 3.0 1.0 2.1 12 5.1
Improvement 66 % 86 % 67 % 89 % 81.3 %
Original 44 10.1 9.0 5.2 8.1
Closing Feedforward 1.6 4.0 9.0 7.9 6.9 1.0 2.8
Improvement 64 % 61 % 0 % -51 % 142 %
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