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Development of a high-precision in-line same-roller printing system for roll-printing the
micro-nano silver-wire array
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Abstract

Bendable, highly conductive, and highly transmissive micro-nanometer silver-wires are suitable
for touch panel products in the optoelectronic industry. A "high-precision in-line same-roller printing
system" for roll-printing the micro-nano silver-wire array with high slenderness ratio is developed in
this study. In-line same-roller printing means that the roller is not disassembled after being cut, and
the micro-nano silver-wire array printing is performed directly on the same system. This design not
only achieves the highest concentricity of the microrolling-tooth array mold cutting, minimizing the
wire-width of the roll-printing, but also creates the highest dimensional accuracy and geometric
accuracy of the silver-wire array through the control of the same CNC system. The same-roller
printing system is developed in the "axisymmetric gravity design", achieving the most stable cutting
and roller printing processes. The silver-paste supply mechanism passes through the comb-shaped
micro-channel array to guide a small and quantitative amount of silver-paste to be coated on the
microrolling-tooth array mold, ensuring that long-distance roll-printing will not break the paste.
Experiments are also conducted to design and discuss the parameters such as the silver-paste
thixotropy, optimum edge-width and minimum edge-gap. It is found that changing the surface
roughness of the microrolling-tooth mold could change the contact angle of the silver-paste, thereby
easily transferred to the PET film.
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Parameters Conditions
Silver particle size <3um
Solid content 75 £ 2(wt%)

Adhesion 4B (3M tape #600)

Hardness 2H (ASTM D3363)
Surface resistance =40 m€/sq/mm (ASTM D257-78)

Viscosity 70,000 £ 10,000cps

Heating temperature 150°C
Heating time 30 mins
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Bohe £ 29770 o JREP £ AR ] 5 & p ik R I9AZE6,000 pm(R19) 0 d B % (AR iE
WERFRZEL-FLEIR - FTERERF - Rl o F 5 @ $URITR ik fh
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AFES ume? = F R (B10(a)) > Rab nmek s fe R > 2 &3 02 AR e H R ©
FHR AL TR B RAR L R #R &k S(High-precision in-line same-roller printing system)
WFCHCR PR oo R B R A e R R O AR5 i LR G PETHCE 0 AR
1T B o R B ) BT LED B i (RI10(b)) 0 5 AT 45 4F 418 17 R RIS

3 LLED *» FE ¥ 4 2 % (F110(c)) » B 7 414

el

23 i TR A LR AL -

4.2 M per e 2k

Parameters

Conditions

Roller diameter (Dr)

Letterpress-width (We)
Letterpress gap (Gig)
Doctor blade gap (Gabg)
Placement design function
Imprinting speed (Vis)
Imprinting length
Imprinting method

Roller mold

Roller’s surface roughness
PET surface treatment
Viscosity of silver paste
Percentage by weight
Heating time

Material of roller

20 mm

5 pm

1 um

I um

f(z2) = f(150°, 60°)

60 m/min (1 mm/sec)

> 6,000 pm

Co-shaft

Convex microrolling-tooth
Ra: 6 nm

With Corona treatment
70,000 £ 10,000 cps

75 £2 wt%

30 mins

NiP (Nickel-phosphorus alloy)

Bl O Bz oF 4LRLF) R Er R td
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Silver wire N Silver wire

flge SRR s A  WC probe WC probe
(@) b3 & %o (b) 12 LED %% (LED OFF)  (c) !4 LED %% (LED ON)

10 55 B & 272 pied of 4Lk
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