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Automatic Layer-by-layer Dipping System for Functional Thin Film
Coatings

Wonjun Jang*, Young Seok Kim**, Yong Tae Park*"

ABSTRACT: A simple and very flexible automatic dipping machine was constructed for producing functional
multilayer films on wide substrates via the layer-by-layer (LbL) assembly technique. The proposed machine exhibits
several features that allow a fully automated coating operation, such as various depositing recipes, control of the
dipping depth and time, operating speed, and rinsing flow, air-assist drying nozzles, and an operation display. The
machine uniformly dips a substrate into aqueous mixtures containing complementary (e.g., oppositely charged, capable
of hydrogen bonding, or capable of covalent bonding) species. Between the dipping of each species, the sample is
spray cleaned with deionized water and blow-dried with air. The dipping, rinsing, and drying areas and times are
adjustable by a computer program. Graphene-based thin films up to ten-bilayers were prepared and characterized.
This film exhibits the highly filled multilayer structures and low thermal resistance, indicating that the robotic dipping
system is simple to produce functional thin film coatings with a variety of different layers.
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Fig. 1. CAD Design of the automatic LbL dipping system
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Fig. 2. Picture of the automatic LbL dipping system

i Dipping Mixtures

+==» Rinsing and Drying
Station

Fig. 3. Picture of the cleaning center



316 Wonjun Jang, Young Seok Kim, Yong Tae Park

N
ro

=

N
=

EREEEE 2
ol AT Ao 2 o Aue) AAwst
b Fig. 1-30] Urehi itk Al AELE Adle A
AR W, 23 o BOHE S0 Wy, 9
e AE I ofo] i, 19 B AT, Y
Az 32 o, A% AESe) 5o T4, =

2% <ol x 0 5% BAoI] wE L 2R @
221 A 072 AL 4= Qo &L A A
S-S -,45‘ F & 0]2<>(Deionized(DI) water)} A

7] BAE B0z o]lfErh A 1Y
718 BT w50 AHEE 52 A
Holgj A Agag ek AHE &
Zravigel £ S 8l wiEE,
Al 4of HUEC) 6 bar 2 Y=H F
go|= H S F8f FAME T, o] WlH = ofFo|le
e} AAEo] -0 7‘11013 ol AFsez g
23tk =5 o2 AlAEolA AT x, z 3 (0, 0=
TIEREER 3hth ofFolle FEEYE B 2R ¥l &
2 e YA A Aol AFE HEEHRE
Alof7} 7V skes AR5 oA dF 9 bRl
o], uFstd 23 4ol x &2 z 37t Aek=rt ofd

d-5oll Y= 2F5HH oF ol HallEol #HE 4= A
7] Eolth 25 o2 Adae] FUE A xF5e=m W
A ARl Zof z HO 72 o] F3hr Wit 2 A Aol 4] wh
A W= z 502 o] 5% $of x FO7 o]t 2
5 Qfoll F2ld BER 7|is 1A = SlojA] 11 A
ARt &t P S Alsdteh N A as 8N T
of wet thE P vhE 4 9o, & Aol E U
egha A= el e 8o JEHJJHL #o] wo] A5
= L2A A AS AHESHTh AR E AESHE Wi
ZzIaHoer vHEglom, HTE ﬁE% E &N Ee

AR, A B, 25910 914], DI watere} 915 5719] &
AF AIZE, A A (S &1, BL 4 14 - ABAB &=
A2 AZE 11, Quadlayer(QL) & 5194 2 ABCDABCD =
© ABCBABCB 442 A23) 2o Hmﬂ 2 glom, A
Mg gre ofSolk AES o Aelxo] oA st
2 A|oj7} o] Fojxit.

22 oo 2 J|The AFE AEBo] YH 2L
Teom davas 219 e terEeel
WL A WA SAARLIA ol Fetel AR
of A E A 7HTEE &Y Wof | ste] ZE o]
Atk 71 o] 9o AT 7hA] o] Fste] HEER
A|ZEE] T Rk o] 3to] miEET). ojuf, ofFo] ke
o] AgE 54 x, z 2Eo]| =2 7-9oflNt DI water
F AJZF=]7] wfe]l DI water EAF AlZH A1E2] &)

2
>rﬁm

)
5l

0

oY ot
O_L,

1t

N
F 1o
ﬂllo re

Umlmg}mnei;jg
X
o%

IS
ek
= oo,
Ay
G

A UE)

<
=%
o
> o

o e o by 1 fo % ot db 4
FIF
1

I
i)
-0,

A

Py

8
o

o m px
o
o

(i oX

_>d

T
==

N
(morlr e
i

ST
it

>{E

2»*

T
=

2wy ok

m
f

1o M o O A e o
[L & |m o

Sy
s
N

=+ A7re A 2] A gitt. DI water?] BAL Byt o] vf
= olojA HxE T YF3717F EAME L, o] Bgo] &
T 2Ud Sl A4 9L wur] el e A&
Eofo] YYE EAF AZEO] T ouliRbE A FLoo] mRE
= Aolth E3, thsHHAS F4 o] 23Eet 2o
T v BARS §IR bElo] HoA= A w7 fldl #l=
glolBE o]&skict & Aol A= 6 bar THE9] ¢Feo]
A= o] 400 I/min®] v%@i U= 3717k A A
oo A FHe &S Al = WA &l AR o]
Foto] A MR} FATE AZHHE o] 3o Di—‘jrél:}. A&
o] = WA gl AgarofA wt £ Ha 5
Al A A N A7Fao] x HETHA] oSk BL 7k 7}
+EHH, H5H EH_E%EM eE BL =4t
HHESICH(QLY] - W] WA §H7kx] 7

Al AR ol Agam HEoreH 7&5%@). dg=
BL =of] b 25 9F2 thA] Zeheof 9A|ske] 2
do] FrHE HFEH HEEY= &4 AL AAE
x FE R 5] dimell, ARE HEST oA AERt o
SHP o] FR7E QL A5 Y Afol= 7 1Y SAA%

—_—

47h o FobEo] et E $AS ATt EQ
DR TS ELEL RIS R ELE PEE

= AA F A Y AR o] FsHA HaL, 1 o]F A
WA BN g o]FekA ¢al 54 x Fhare] 91|zt
Al A gl ez ol gshA Hrt of 7]of| A mpRkrEA]
& ARE T AN HREA =L, 71 o]l Fax -
S Al WA 8N AP o] 5T o] Fof Fa -
= AR TAl A A &Y AFAR o] FRith &, QLEE
A BF A A= TE 4719 NS Fol oA S
57o] 7Hssitth
2 Aol A A& Hf e A EEZH Y AFEAL IE
O] A (user interface, UI) o]0 X| & Fig. 4of UEF ST HA
AFE AEZT oA BL T QL REZ Aleishd 27)9]
89 A2 ST A She] SO AALE 8T

System Auto Mode
Connected! BL Mode eSS :
Status ModeSelect 2 O mm Z Hal 0/ mm
AmReset | X-Axis Z-Axis @ BLMode O QL Mode 28 A0l | mm ¥ A0l & mm
Home : = O ModelData W"sﬁ(fi Dry; [mm Count o |
“mit
- | == .
2019-11-26 15:56:21 Edit Value
Manual Mode Mode ©BLOGL
X-Axis 2 20| mm 28 20F mm
ELER] mm Rinss &0y T Count
28 AR Rinse & Dry
o Cc oA w. B 0D - L Al =
Set Reset Start Stop
Home Stop
Z-Axis AirControl PumpControl

S R mm ON ON
Current Edit

Exit

Home Stop

[x=0"z=0

Fig. 4. User Interface image of the computer controller



Automatic Layer-by-layer Dipping System for Functional Thin Film Coatings 317

=
X
flr
o
it

N

[¢]

7V55h L E e
Zol, A8 ARh BE 4% 34 58 4
S fEAOR By B vlwel WA 27
Ak AF F7 A 3 ARk 1
FOR AAgo] FR t

27} 7Psshh

)
o
o
o]

f
=R
2
ofp

¥ ©

chuter 5 ol §ehaith(rig
) oz & olg37] sl
£ $AHOR GNP g9 W o] Hi 18 AR 2o
o] A2 Basteh. GNP G048 Ax317] SlehA GNP o}
£ 0.1 wt%e} 3|4 % polystyrene sulfonate(PSS) -8 <Y
0.1 wt%& DI water U] of| A 180+ 59 tip sonicator %}H]
(UW2070, Banderin Electronic)S ©|-&3}o] EAMA|ZITh
GNP+ %97] (entanglement) -5 W A=A (hydrophobicity)
= 7HAAL Q7] wiEell Eoll EAAIZ17] flslA EAbAI 7L
g g 5}t €0 oG5t PSS= GNPE DI watero]| E-AFA| 7|
7] 913t AHE/d A (surfactant) 2 717 &5] LA Qlet(s).
GNP-PSS &2 A 23t o] 2o, J =& & WS A| =357
QI3 0.25 wt% PVAE DI watero]] 37}5te] 7FE 41 WKl
(magnetic stirrer)2 305 FQF 70°Col| A EAMA Xt}
Polyvinyl alcohol(PVA)2 PSSe} =42 5HS A5 W&
of[9], A 2= GNP-PSS2} PVAZ} th5-2 AT 4= 3
th oo &2, 7| o & o]gE poly(ethylene terephthalate)
(PET) BE-S Za}2n} A& 7] (plasma etcher, PDC 32G-2,
Harrick Plasma)&® 58 %oF EHA 2] A7l o] PVA £
of 5% ot e, Sefxu} o)y Wgol |5 PET 7|7
#o] FAsHE ZA 7] wizell, el sk &2l
PVA Z-& WA F”sHA Hrh 21 5 Axyo] lwat ¢F
5 371E ol &3 Ax S AX 7, thA] GNP-PSS &
Hof| 57 F Hrh 1 ¥ Awt Ax S wHEstH
PET 7] 9Jo]] PVA2} GNP-PSS7} 4=4 ZA3to]| oJ3) s}t

Rinse & Dry

Hydrogen bonding

PVA GNP-PSS
Solution Solution

PET[PVA/GNP-PSS|,
Rinse & Dry

Fig. 5. Schematic diagram of the graphene-based LbL assembly

o] #Yst 5 FATUTE & Aol A= o2k Zo] GNP-

PSS gol7} 1 4@ Al2e] §ol(PVA)] T A
2 1 BL(bilayer)o]2}ar o3ttt =, n BL

ol FEE PET 7]9 9o 1 ulo] PVAQ} GNP-PSS

7hOHEEtS RAelaL Lo, i ATOlAKE o] PETIPVA/
&

2.3 LbL ==

B Ao AL LbL thEutute] B BAL 93] 419
A -7} A1 3F A E33H (UV-Vis spectroscopy, Ocean optics)-2
ARESHI T Huko) == Akt AR ol 7] fio
LbL Z g3} trhaks el A= (spectroscopic ellipsometer,
SE, V-VASE, J.A. Woollam Co.)= 3} Z43}ic}. PET 9
£ glo] A8 2o vhore] Ewiu ol FALS Vs
7] ¢3l Z+Zt field emission scanning electron microscope
(FE-SEM, SU-70, Hitachi) #A}2]2} transmission electron
microscope(TEM, JEM-2100F, JEOL) #-X]& Al-3}4itt.

Fig. 62 550 nm©| u4to] 4| PET[PVA/GNP-PSS] A=
o] 1 BL #¥ 10 BL 7}%| 9] 3= WH3le} 77 HsE 2
o=t GNP 7|5ke] LbL vhiko] 7= 3 BLo] 79~ 30 nm
o]aL, BL =7} 57Fgtell wiet 10 BLY| - 82 nm71A] F7
o] 2712 HojZu|, o] Ba) 7Y 5147t kel uke
g 2ol 719 flof] FUsHA R EIL k= A &
= SIStk E3h S % S3=0] Bist 94| 1 BLojlA] 10 BL
THA] AL SHA STt 716k HolF3lem, o] = LbL
8 B o] o] whe} GNP7} 7|7 9]of 2 5-E= o]
ARgAes S8kl S5 Hols=al qloh 455 BL
o e FFEY] ¥t A ARtE MEY AR
HE o 7HAH ez Sl 4= Qi

1.2 920
E @ Absorbance of PET[PVA/GNP-PSS],
= B Thickness of PET[PVA/GNP-PSS] u
= * 75 F
wn o
w =
® 2 5
8 0.6 A 60 2
= A £
= o v,

~ =

f o r45 =
2 o =
= ®
< o« u 30

2BL 4BL 6BL 8BL 10BL
Number of Bilayers

1BL 2BL 3BL 4BL S5BL G6BL 7BL 8BL 9BL 10BL

Fig. 6. Absorbance data of PET[PVA/GNP-PSS], (n = 1~10 BL)
samples (black line), thickness data of PET[PVA/GNP-
PSS], (n =3, 5, 10 BL) samples (red square), and sample
images of PET[PVA/GNP-PSS],, (n=1~10BL)



318 Wonjun Jang, Young Seok Kim, Yong Tae Park

Fig. 7. SEM surface images of (a) bare PET and (b) 10 BL
PET[PVA/GNP-PSS] samples
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