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Department of Mechanical and Automation Engineering, CUHK

Roll-to-Roll (R2R) printing technology has been
widely adopted in various industrial applications,
e.g. paper, textile and steel industries. Its
characteristics include continuous printing and
high throughput, simplified process, environment-
friendly and low cost, hence considered promising
in future applications.

The team developed a scalable precision multi-
layer roll-to-roll (R2R) printing system that
achieves continuous printing on a 4” web with 100
nm print resolution. The R2R platform s
compatible with various high precision contact
printing techniques. For example, Microcontact
Printing (MCP) technique has been implemented
on the R2R system to fabricate nanoscale photonic
devices and optical components, e.g., optical
gratings. To demonstrate the practicality, this
project will deliver R2R fabricated (1) optical
gratings of various pitches, (2) organic field-effect
transistors, and (3) terahertz metamaterial perfect
absorber. To illustrate the capabilities of the
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Prototype of the flexure-based multi-layer R2R printing system
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high- throughput high-resolution multi-layer R2R . The high printing precision of the R2R platform is realized via
the application of compliant mechanisms which generate highly repeatable mechanical motion via the
compliance of the material. In the R2R system, the print roller is supported by a four-axis flexure positioner; in
combination with a cascade feed-forward controller, nanometer level positioning precision is achieved. Multi-
layer submicron registration accuracy is achieved via a five-axis flexure positioner with novel optical alignment
algorithms. The developed technology could be widely adapted to manufacture low cost photoelectronic
devices.
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1 : Design and construct a multi-axis flexure guided R2R system
2 : Develop a multi-layer flexure-based R2R printing system TETMEEE BSR4 B
3 * Develop process to fabricate submicron resolution samples using MCP | ' RaR printed gold electrodes on
4: Design and optimize fabrication parameters for printable optical flexible substrate (PET web)

gratings and metal grids

5: Design and implement a submicron accuracy multi-layer registration method
6: Incorporation of MCP metal grids into flexible organic photovoltaic cells

452 B B8 Uniqueness and Competitive Advantages

BRI EKIERELERE Z2EHE The team successfully developed a world record
ZENRIF: T - #EMEEZE 100 nm - WEABLIT  technology in precision R2R printing, realizing

B continuous printing on 4” web with 100 nm resolution
1l: SHEGEKROEEN with the following merits:

2. 5E=S 1: high resolution and repeatability

3 ZEHREBRERIE 2: high throughput

4 BERSZEEBRERNER 3: multiple DOFs misalignment correction capability

5: EBHEEZEBNSHERE 4: real time contact pressure monitoring

5: Submicron layer-to-layer registration accuracy

(Left) First Layer of FET (Field-effect (Right) Metal Grids Fabricated by Roll-to-
Transistor) Fabricated by Roll-to-roll roll Printing System (&G E1 il 247 Pt
Printing System (¥ E il 24T Fr il LSS BAIR)
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Sample printed products: Flexure-based Precision Roll-to-roll Machine for Fabrication

of Flexible Electronics
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This technology already obtained two US patents.
Owing to its high precision, the technology is very
suitable for manufacturing high-resolution and ultrathin
flexible electronics and photoelectronic devices. By
adopting this technology, the design of more tiny size
and wearable devices would become possible,
substantially fostering the manufacturing of portable
products. Currently, the web width is 4 inch and it is
able to be upgradedto 1 -2 m.

Other applications include:

1: diffraction gratings

2: high resolution ~85% transparent metal grids

3: flexible organic photovoltaic cells that utilize the
metal grids as electrodes

4: organic thin-film field-effect transistor

5: photonic metamaterial, e.g. terahertz

perfect absorber

6: multi-layer flexible printed circuit

Manufacturers of flexible electronics/ photoelectronic devices

AR

Available Patents

Precision design and control of a
flexure-based roll-to-roll printing system
(Patent: US14/057,320)

* High throughput, high resolution and
repeatability

e Multiple degrees of freedom misalignment
correction

e Real time contact pressure monitor

* High layer-to-layer overlay accuracy
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More information
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