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Research Progress of High—precision Patterns by Directly Inkjet Printing

Kuang, Minxuan Wang, Jingxia Wang, Libin Song, Yanlin*
(Laboratory of New Materials, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract High-precision patterns have aroused wide attention due to their important applications in high-performance op-
tical/electrical devices. By virtue of easy and direct writing of desired patterns, high throughput and low-cost, inkjet printing
has become one of the most promising candidates for the manufacture of patterns, compared with conventional approaches
such as photolithography, microcontact printing. Various materials can be precisely deposited on target positions. As a pri-
mary focus, improving the precision of printed patterns would greatly enhance the performance of the devices. So far, various
approaches have been developed for improving the printing precision. Pattern resolution is limited by the volume of jetted
droplet and the area of droplet spreading on substrate. Finer resolution can be achieved through reducing the deposition di-
mension, i.e. optimization of the chemical composition of ink, chemical/physical modification of substrates, and improve-
ment of printing apparatus. Besides, uniform deposition of functional materials is also essential for fabricating high-precision
patterns and high-performance devices. “Coftee ring” is a common phenomenon during the drying process of droplets, which
is generated due to the pinning three phase contact line (TCL) and the outward capillary flow in an evaporating droplet.
Therefore, homogenous deposition without “coffee ring” effect can be realized by tuning the capillary flow in the droplet and
controlling the movement of the TCL as the droplet evaporating. In this paper, we presented the recent research progress for
achieving high-precision patterns by inkjet printing, including minimizing the deposition dimension to improve the resolution
and avoiding the “coffee ring” effect to achieve high uniformity. These reports will probably promote the development of
novel and facile method for high-precision inkjet printing. New trends and research perspectives were briefly discussed at the
last section of this review.

Keywords inkjet printing; patterning; high-precision; coffee ring
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Figure 1 Self-aligned inkjet printing (SAP). (a) Schematic of the SAP
process. The dashed line indicates the initial position of the printed gold
nanoparticle ink before dewetting from the hydrophobic surface layer on
the first electrode. Atomic force microscopy (2 pm X2 pm) (b) and scan-
ning electron microscopy (c) image of the short channel between a printed
second and an evaporated first gold electrode. In (b) the channel length L
between the two electrodes is on the order of 50 nm. In (c) print condi-
tions were selected to produce a wider channel L=400 nm

AT 2 5% T FHe b4 2R RE N6 B il ATy LR T A
YAAT N IR, WAL 5 SR KA VT AL (1) 3544, 4331
T PR AR T e KA R A AL ST
HE— 2PN S5 AE M 2 1 R R T AR, AT IR T 2
FLAA AR AR 45 P4 5 B B oL AT 4 T R
VLG AL IR KL BRI, R 9T T FLARRT
WO IR I SR,k DU I s FLAR T LA R 18 0
ZYRALA, AT AT R PR ) S35 1 BT oA AE SRR
b, AATIHE RN AR RSk 2 f LA R AL BT ED
Wil & T o PRI e B %, ST B AT AL
FRUTIL s (T R T O A B R T
PRV R BB T 5 IR V5 Y.

FE 21 R ) B A 2 5 A AN T LA 3 SR 1) R
BB, 8 AT LA ) S AE S A R AT 5 I T IR
. SR K271 Sirringhaus W84 7E 215 K BE LAY
T MR g K B 5, R K P 0 S R HE
SRR, FTEDRI# T 9650 5 pm [EmE!", B )5 iz
JL HE— 20 R 20 A S KA B3Rk AR 9K R 1)
TR %, H8& TERAERE N 500 nm [
2 FiaR). ABATTE B (3,400 & AR LW )- B8 (R 2 4 sk
1% )(PEDOT/PSS) = i Wi i &8 B L A Fepf 2R i, 5 B 3L
R 2 e, [ S e A S FRURG B A R AR, 5 S
ST AE B K X 2R, 19 215 K B A 2 v E s A
[X.

Jung V40 FHE IR 7% ek R < IESR RN,
W AR A TR, 1928 TN 114 um AL
VAL 4 DL M 255 0 250 nm [ =A%, Kl 3a B

Acta Chim. Sinica 2012, 70, 1889—1896



ST

@ ) (b)

(ii) Ink-jetted
PEDOT/PSS

n water droplet

©

i
4

£

(iii) D 4
T
MR an

0 2 4 6 8§ 10
Length/um

B2 WS TE E SRR 25300, () %R (b) PEDOT/PSS
SR AE B RATEA SR T 25 B0 5 1A 5 el e A P R 3 () W 4]
Figure 2 Dewetting of inkjet droplets on patterned surfaces. (a) The
dewetting process. (b) AFM phase image and (c) AFM cross-sectional
image of dewetted PEDOT/PSS droplets
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Figure 3 (a) Schematic of dewetting edge lithography. (b) Schematic of
the fabrication process for functional nanostructures from assembled
semiconducting polymer nanospheres (SPNs) in a polymeric template.
The dispersion containing the SPNs is inkjet printed onto this surface.
Due to capillary forces acting on the spheres, they finally assemble in the
grooves of the template while the drop dried
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Figure 4 High-resolution electrohydrodynamic jet printing. (a) Printer
set-up. (b) Time-lapse optical microscopy images of the pulsating liquid
meniscus. (c) Three-dimensional AFM image of aligned arrays of dots
with diameters of (240+50) nm, formed using a 300-nm-internal-di-
ameter nozzle
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Figure 5 (a) Schematic of dispensing nanolitre droplets for liquid pat-
terning. Liquid is dispensed onto a translating substrate inserted between
the lithium niobate and the glass plate. (b) The double fluidic focusing
arrangement
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Figure 6 (a) “Coffee ring” deposits. Top: the mechanism of outward
flow during evaporation to keep the contact line fixed. Bottom: a “coffee
ring” formed after evaporation. (b) Flow field in a drying octane droplet,
(top) imaged experimentally and (bottom) predicted
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Figure 7 (a) Microscope images of a region within 40 pum of the drop
contact line, taken at time #/¢5,,4=0.5, for suspensions of spheres (left) and
ellipsoids (right). (b) Schematic diagram of the self-assembly process
during the early stages of drying
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Figure 8 (a) (i) Schematic diagram of particle positions in the droplet.
Depinned contact line moves to the surface of 5 um diameter particles,
where surface tensile forces (#;) act on individual particles. (ii) For the
mixture consisting of 0.005 vol% of 0.5 pm diameter and 0.005 vol% of 5
um diameter particles, one can see the quasi-perfect separation of 0.5 um
diameter particles and 5 um diameter particles. The ring corresponds to
0.5 um diameter particles, while 5 pm diameter particles accumulate
around the center. (b) The capillary force between the particle and the
substrate tuning particle deposition morphology. Top: three convective
mechanisms compete to form the deposit. Bottom: deposit patterns ob-
tained for different values of pH
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Figure 9 Improvement of film morphology by controlling solvent
compositions. (a) Confocal laser scattering microscopic three-dimensional
images for ink-jet printed single dots obtained from inks with varying
solvent compositions: (i) 0, (ii) 16, (iii) 32 wt% ethylene glycol. (b) Re-
sistance of the ink-jet printed lines as a function of heat-treatment
temperature for 0 and 32 wt% ethylene glycol inks. Insets show
three-dimensional confocal microscopic images of the ink-jet printed
lines
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Figure 10 Schematic of the drop evaporation process with and without
electrowetting. Top row represent evaporation without electrowetting and
with contact line pinning; middle and bottom panels show the process
with electrowetting and mobile contact lines
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